- 1 - DESCRI PTI ON PLURI POTENT STEM CELL GROW NG
METHOD 5 Technical Field The present invention
relates to a growing nethod and to a gene transfer
nmet hod for pluripotent stemcells such as ES cells,
and to pluripotent stemcells prepared by the

nmet hods. 10 Background Art In order to continue to
l'ive, organisns have the abilify to rapidly replace
and repair |lost or damaged cells and tissue, and
this ability is known as 15" ative capacity".
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even parenchymal organs such as the liver and kidneys are

known to undergo cell growth and tissue reconstruction
20 for rapid restoration of tissue homeostasis in response
to tissue damage. Recent years have seen attempts to
utilize this innate "regenerative capacity” of bioclogical
organisms to achieve cures or amelioration of wvarious
diseases and wounds, and such new medical techniques are
25 coming to be known as "regenerative medicine”.

Stem cells play a central role in practicing
"regenerative medicine”. "Stem cells" can be generally
defined as undifferentiated cells having the ability to
differentiate into specialized cells or polyfunctional

30 cells, as well as having the ability to self-replicate,
allowing repeated generation of cells identical to
themselves. Unique stem cells are found in each tissue
and cell type, and for example, blood cells such as
erythrocytes, lymphocytes and megakaryocytes are produced

35 via progenitor cells derived from stem cells known as
"hematopoietic stem cells"”, while skeletal muscle cells

are produced from stem cells/precurscr cells known as
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35 via progenitor cells derived fromstemcells known
as "hematopoietic stemcells", while skeletal nuscle
cells are produced fromstem cells/precursor cells
known as -2- "satellite cells” and "nyobl asts".
Addi tional types that have been identified to date
i nclude neural stemcells that* are found in neura
ti ssue such as the brain and spinal cord and produce
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as c%ﬂ%%?lééﬁgbV%FQﬁEthical problems. Consequently,
regenerative treatments for neuropathy, cardiopathy and

the like will require the development of techniques for
generating desired cell types using cells other than stem
cells present in such target tissues.

First, methods of utilizing "pluripotent stem cells"”
may be mentioned as strategies based on this approach.
"Pluripotent stem cells" are defined as cells capable of
prolonged or virtually indefinite proliferation in vitro
while retaining their undifferentiated state, exhibiting
normal karyotype (chromosomes) and having the capacity to
differentiate into all cell types of the three germ
layers (ectoderm, mesoderm and endoderm) under the
appropriate conditions. Currently the most commonly
known pluripotent stem cells are embryonic stem cells (ES

cells) isolated from the early embryo, and the analogous



30 prolonged or virtually indefinite proliferation in
vitro while retaining their undifferentiated state,
exhibiting normal karyotype (chronbsones) and havi ng
the capacity to differentiate into all cell types of
the three germ | ayers (ectoderm nesoderm and
endodern) under the 35 appropriate conditions.
Currently the nost conmonly knpwn pluripotent stem
cells are enbryonic stemcells (ES cells) isolated
fromthe early enbry and the anal ogous -
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"pluripotent™ as they can be repeatedly grown and
passaged almost indefinitely while maintaining normal
karyotype, and they are capable of differentiating into
various different cell types. For example, when ES cells
25 are transplanted into an animal body subcutaneously,
intraabdominally or intratesticularly they form tumors
called "teratomas", but the tumors comprise a mixture of
different cells and tissues including neurons,
osteocytes, chondrocytes, intestinal cells, muscle cells
30 and the like. 1In mice, intrauterine transplantation into
a pseudopregnant. mouse of an aggregate embryo generated
by infusion graft of ES cells into a blastocyst—étage
embryo or aggregation with an eight-cell stage embryo,
results in generation of a "chimeric mouse", which is an
35 cffspring possessing differentiated cells derived from
the ES cells throughout the entire body or in parts of

its organs and tissues. This technigque is often used as
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25 are transplanted into an ani mal body

subcut aneously, intraabdom nally or
intratesticularly they formtunors called
"teratonmas”, but the tunors conprise a m xture of
different cells and tissues including neurons,
osteocytes, chondrocytes, integtinal cells, nuscle
cells 30 and the like. In mce, intrauterine
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anchor to organs and tissues and function normally.

For reviews of ES cell properties and culturing
methods, and their in vivo and in vitro differentiating
abilities, refer to the following literature: Guide to
Techniques in Mouse Development (Wasserman et al.,
Academic Press, 1993); Embryonic Stem Cell
Differentiation in vitro (M.V. Wiles, Meth. Enzymol.
225:900, 1993); Manipulating the Mouse Embryo: A
Laboratory Manual (Hogan et al., Cold Spring Harbor
Laboratory Press, 1994) (Non-patent document 1); Embryonic
Stem Cells (Turksen, ed., Humana Press, 2002) (Non-patent
document 2).

EG cells can be produced by stimulating fetal germ
cells known as primordial germ c¢ells on feeder cells such
as MEF cells or STO cells in the same manner as ES cells,



20 functional features as cells present in organs and
ti ssues, and transpl ant experinents using
experinmental animals have denonstrated that ES
cell-derived.cells anchor to organs and tissues and
function normally. For reviews of ES cell properties
and culturing 25 nethods, and their in vivo and in

vitro differentiating abilities, refer to the
following literature: Quide to  Techniques in Muse
Devel opnment (Wassernman et al. Academ c Press,
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currently 20 different human ES cell lines have been
registered at the U.S. National Institutes of Health
(NIH) (http://stemcells.nih.gov/registry/index). Also,

Gearhart and their colleagues have succeeded in

25 establishing a human EG cell line from human primordial

30

35

germ cells (Shambleott et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998; U.S. Patent No. 6,090,622).

When these pluripotent stem cells are used to
produce research materials or regenerative medicine
products, it is essential that the passaging methods used
maintain the undifferentiated state and high
proliferation potency of the cells. MEF cells or similar
cells {such as STO cells} are usually used as feeder
cells for ES/EG cells to maintain the undifferentiated
state and high preliferation potency of the cells.
Addition of fetal bovine serum {(hereinafter, FBS) to the

culture medium is also important, and it is crucial to
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15 Later, the researchers used simlar nethods to
successfully isolate and establish ES cell lines from
human early enbryos (Science 282: 114, 1998). Research
groups in Australia and Singapore |ater submtted
simlar reports (Reubinoff et al., Nat. Biotech.

18: 399, 2000; 20 InternationalsRatent Publication No.
W00/ 27995), and currently 20 different human ES
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such -co-culturing systems increase production cost and

are poorly suited for large-scale culturing, while
separation and purification of the ES cells from the
feeder cells is required when the ES5 cells are to be
actually used. 1In the future, when human ES cells and
other pluripotent stem cells are utilized as c¢ell sources
for regenerative medicine, and particularly for cell
transplantation therapy, the use of non-human animal cell
products such as MEF cells and FBS will not be desirable
because of risks including potential infection of the ES
cells by heterozoic viruses and contamination with
antigenic molecules that may be recognized as
heteroantigens (Martin et al., Nature Med. 11:228, 2005).
Consequently, in order to refine ES/EG cell
culturing methods and modify them to be suitable for



10 Mani pul ati ng the Mouse Enbryo: A Laboratory Manual
(Hogan et al., Cold Spring Harbor Laboratory Press,
1994 (Non- patent docunent 1) and Enbryonic Stem
Cells (Turksen ed., Humana Press, 2002) ( Non-patent
docunment 2)). However, the culturing nmethods enpl oyed
for these 15 classical ES/EG cells are not suitable
met hods when human ES (or EGQ ¢ells are used for
regenerative nedicine or other practical purposes.
One r 2ason for.this is that human ES cells are
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20 Cel | ?h@rseln%%ggis S(?]Eqs{tl%‘%grg;tlon':alcg Jcené I:%!u%r]l%{:g on No.
WOO3/020920 (Patent document 2}}). An ES cell culturing

system using the same serum-free medium and requiring no

&)

feeder has also been reported by an Israeli research
group {Amit et al., Biol. Reprod. 70:837, 2004 (Non-

25 patent document 4)). Recently, a method of maintaining
the undifferentiated state of human ES cells by addition
of bFGF/FGF-2 and the bone morphogenetic protein
antagonist Noggin has also been reported (Xu et al.,
Nature Methods 2:185, 2005). Separately, it has been

30 shown that simple addition of Glycogen Synthase Kinase
{GSK)—-3 inhibitor to culture medium can efficiently
maintain the undifferentiated state of murine and human
ES cells without addition of growth factors or the like
and without using feeder cells (Sato et al., Nature Med.

35 10:55, 2004 {Non-Patent document 5}).

Thus, while new methods are being proposed for

culturing of pluripotent stem cells without the use of



5 20:933, 2002; Cheng et al., StemCells 21:131,

2003; Hovatta et al., Human Reprod. 18:1404, 2003;
Amt et al., Biol. Reprod. 68:2150, 2003).

Devel opnment of culturing nethods using no feeders is
anot her alluring prospect. Carpenter and coworkers
have reported that seeding of ES 10 cells in a
Matrigel - or Lam nin-coated culguring plate and

addi tion of MEF cell conditioned mediumto the

cultu d|u aIIo roIo ed cul.turing .of human ES
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same group al so succeeded in constructing a nnre
effectiveOBS tell knowpt Gretry dystensbyadevekbping a
ser umidige ciredi e enhak nb Nguadde dg HFEFIECEs 2401

St em Gal,l .EBET AL 30 &Q%E%gglggogggﬁﬁé l;nt ernat.onal

Pat ent Publ i cation t'ent ‘docunent
2)). TGP EESNEd| APBAt 9?%‘@“%‘*&@@@#%&%#% Elgrfe family of
ser umdlreeelaediaimsanddeedtliis rgtagorf egdenidasetalaso,

een or I's i gr up
1P »;e%@, b‘%‘gp?‘%@d%?o %9@4 I‘%%g?ﬁ{ﬁh 3252 9 émlopﬁgnt

al (No
docurﬁﬁt 1333 Rebdnt F§ry af%Pﬁaar ?Xqﬁ‘ﬁlﬁ?a]ﬂﬁ‘f?}d)eephe
undi ffeprehed at et cehale, oferhurtine ESneghlulis chyt aiddinki aded

of bl’HﬁE/FEHS_'F22 aJd sbbehmnfeeffﬁ%%@ﬁ%lﬁ%cn%é%ﬁ} rﬂu:omote
ant agc%rél st i\bdtgegl ) | so begn re orted iXu et "al .
MBT fiot's™ 2 i@% p%(ﬁf?)y }shas been
1530 sHé\mﬁetﬁm&l@aﬁp%t@rddﬁmb@mwtlc(ﬂ mogﬁﬁomqﬁagewatent

Ki nas@cut&$iK)2)3 .i nhibitor to culture medium can

effici entJ; n”%'hm . the undlfferera%tla%ed state

nuri ne and Rihan e BSE U9 & t iUt 1AGart i oh Jf Q‘F%v\i’ﬁ ES
fact 6esldrin W@mpnavzesorarrdn withhpueelsitige$ eclier atbpigts
(Sat daet Bden mNakute Matha13p ihov&&,lgae@%r{é\iqn Pat ent

20docu%§gi f@gatlgguéot dJoPO$%%g?tqus 3¥ . Peneratlve

pro urin oten en1 e
Wi thgﬁgl?}ﬂg yddlgfequire increase prollferatlon of such

cells.
One of the problems currently encountered in

culturing pluripotent stem cells is that the cells

25 generally form tight colonies and are therefore difficult
to handle for passaging and the like. Undifferentiated
ES/EG cells are usually found in a condition with the
cells firmly adhering to each other, forming colonies,
i.e. cell masses with indistinct boundaries between

30 cells. For provisiecn of ES/EG cells for passaging ox
differentiation-inducing experiments, it is therefore
necessary to disperse the colonies in as short a period
as possible by treatment with protease solutions of
trypsin or the like. When this is done, however,

35 dispersion of the ES/EG cell colonies into individual
cells requires relatively high-concentration protease

treatment and/or vigorous mechanical stirring, and such



- 8 feeder cells, actual inplenmentation and

i ndustrial use of such cells wll require even
greater conveni ence of pluripotent stemcell growth
effects and culturing nethods. 5 One well known
factor that maintains the wundifferentiated state of
murine ES/EG cells and increases their proliferation
potency is the LIF nentioned.apave, and while the
LI F- reI ated IL-6 famly of nolecules falls under
this t egor Yoshi da_et. al . 45: 163,
1994:F s mgﬁﬁsﬁ“lflca“‘b%%e‘ieélb‘ﬁﬁnwe VZ?%%%%Y g96) ,
very FEFsorhebedidnpléstia s Beenelieport ed.

Recent |y, MSE@@ﬂ&ﬁr@ﬁnﬁEdEﬂﬂmﬁQﬁﬂﬂénhﬂgﬂ@@d§gontaneous
bFGF/cJ:%e% 19£1asc héc)is bee con%Q%ESQ 19Nt aglé)é_‘
Tufrah Eel | s

pr onot e he pr o Tr erath potency of”
515 ( I‘?thuéFﬁ‘é?‘ii mdlpa?antt@mmuem bortinperyed37020030e
( Pat enafl 1 sdactimentpaZkhgikd el the Beddav@ngl m@st be carried

pr0|kEﬁrﬁgf£¥k dB%%#ESS %ré%stocgkléké %bggnpgrlsongaglne ES

ot her ce ew a have béen ma
act u&l® §5r nf/%%th@é‘Péet rﬂffqer?élizir’é?qqlé?@aﬁﬁ% Ristseénéyy to
howewer cotdrectreedsrof -3 eggrer ahdv:af tmedpes £y iigl s not

1Orequ'cro%dh8€éc?5}§yeq R oL ddEr akipby of gghthg@qa%e (08 ated

ens currently encountere culturing

of
pl uri 585&*&613’% e EFPEeNd afRdt St e @@l aPRRIgdRefaf | v
f or meilbgher coleordieesnantheaarcelt hewreforneblef forculsk. tDhis

handl-enfof HATIRGENEe aghhhep! i A%mgngl fheFenthat 8fhunt
ES/EGceI%s are saII{n&fpoundln ition with the

a G
cel | §f] adhe?trf&a AEHENIHt H‘é’rdl%gﬁ fgted state of
15¢col oﬁﬁé%G Cﬁllé gefh émaﬁl@sLWtrtﬁnthns@lmve or GSK-3

boundaries:diet, wagd S:L8liNe. cEnPGRYIEH Qamcpfceﬁﬁé EGth a
ceI I éﬁ?&@%ﬁ%@%”&wo@d' ffer ent& atl on- #ndu %‘rse

rnen necessary
the BoFoH & eﬁoasn%wo‘%r/@fsacg&s gdthout formation of

colonies, i.e., with the cells individually dispersed, is
20 expected to be highly useful for providing ES/EG cells
for industrial use., However, no such attempts or
successes can be found to date.
The present inventors have previously seeded F9
cells, an embryonal carcinoma cell line known to normally
25 proliferate by colony formation, on a culture plate
coated with E-cadherin (Nagaoka et al., Biotechnol. Lett.
24:1857, 2002 (Non-patent document 6)}) and have found
that this prevents formation of cell colonies
(International Symposium on Biomaterials and Drug
30 Delivery Systems, 2002.04.14-16, Taipei, Taiwan; 1st
Meeting of the Japanese Scociety for Regenerative
Medicine, 2002.4.18-19, Kyoto, Japan). Specifically, F9
cells exhibited a dispersed cell morphology on a
culturing plate having E-cadherin, which is a known cell
35 adhesion molecule for F9 cells, immobilized on an
untreated polystyrene culturing plate (hereinafter, "E-

cad plate").



as possible by treatment with protease sol utions of
trypsin or the like. Wien this is done, however, 35

di spersion of the ES/EG cell colonies into individua
cells requires relatively high-concentration protease
treatment and/or vigorous nechanical stirring, and

such - 9 procedures significantly reduce the

viability and adhesion ability pf the ES/ EG cells.

Mor eover, since ES/EG cells und%rgo spont aneous
differentiation durln conti nuous cul turi inab

cl ust er ed "CORGHEF oM anﬁ%?“%ﬁ¥98|§ﬁ%$%ﬁ§i fonsidglte ES
cel | scdU¥s ngxpassatpng ldnditheotpapbagasny tuskibelfter, ALP)

car r| sd ssﬁﬂﬁ—lbﬁfa@r@c@@@m 6151(9{ %Wet Rné&h %?%C% SkYBic Es/EG
si z gener a

E5, gellie, for exam '
reqU|F% g@ﬁ(65§s]§#h§nf8 chet &Bétéﬁ ﬁ%w' 8O0y 1105,
and i 19%he Adassagéthgpli-s Abt. 10 demdubied Bp:389, 1991).

suid_t ??cbxﬁam h@dac@ﬂsl siot hat f@yﬁ rdeyiaiad ce}‘m@n&ﬁ heier for
unai ffer ntl at e, clus

renderi ng Pﬁgcge s unsgB f%? lakuségz % %%%n&?ls'
be ovErtdMErsiapt ousy dadéerrnta iouthety @mchanrwmof of

a_f actdimtahat ngeiit idifeseh bibs ik, f f 26 e5ddeat, edhst L raf

015 Esééciscﬁébg t]?fbcfl.%bg‘:i I:h&léfereggpf% %nego%vﬁﬁlealog:o all

GSK- 3 nhi bitors excessive CoO
cel | stfwetehgarmd%exeéeenfbet%’offﬁﬁéﬁbwwnapé Fhderldg. is
Ther efiorieedato netdwidrohl graMisng akd/ #Ecekksunaboulb form

for Wﬂl%rgg Cﬂ{ Qﬁ'h%?. wércﬁs J a%hguéﬁgﬂc;%gE?s areh used as

|nd|V|duaIIé di spersed, is 20 _éxpec

usef A £6r'E r%‘?/]i]d|“ﬁ’&eés?%e€bI1PsS°1?%r6’ﬁpﬁél&|§?Ii"*rsal taeé
15HowewdErt femof sare FESaFGenpt bs om maug cegses sc anvdkr iingunde

to datg+uIhgy HEasRt ahHV&MthrﬁnQac\!&ichtg\éhQUS| y seeded
Fo ceIIsT an eq?w%onal carC|gEna cell line known t
normal |y T88%priol i"PEr AP% BRPSEBLBNY° PEEREEF orP2 i 8” Pthe

cul t wredeplafec cortedeni thheEheadbes iaf qfRagabkenest Eakad
Bi ot gahrel cakald useddid 8/ ce2002u (NI nRaheMoLocuaENt

206)) %%%ugggehg fée%er cells, whether ES cells cultured by
such methods can be passaged while maintaining their
undifferentiated state and pluripotency, and whether the
proliferation potency of the ES cells can be increased.
In fact, the proliferation potency of F9 cells cultured

25 on an E-cad plate is roughly equivalent to that of F9
cells cultured on a conventional cell culturing plate,
and no data had been obtained to suggest that the
preliferation potency of ES cells could thereby be
increased.

30 E-cadherin is known to be expressed by
undifferentiated murine ES cells, and it is also known
that intercellular adhesion is notably inhibited with ES
cells that lack E-cadherin gene expression due to gene
modification (Larue et al., Development 122:3185, 1996).

35 However, it has not yet been attempted to use E-cadherin
as an adhesion substrate in an ES/EG cell culturing

method.



that this prevents formation of cell colonies
(I'nternational Synposiumon Biomaterials and Drug 30
Del i very Systens, 2002.04.14-16, Taipei, Taiwan; 1st
Meeting of the Japanese Society for Regenerative
Medi ci ne, 2002.4.18-19, Kyoto, Japan). Specifically,
FO cells exhibited a dispersed cell norphology on a
culturing plate having E-cadher which is a known
cell 35 adhesion nolecule for ﬁé cells, imobilized
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ecific ES/EG  cell

and CbtdS/ <§ﬁ known as g
mar kS PEERTD f&fzeaFratﬁvrﬁ neqdiCH, Predygrts gait gs, also
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erenti at | on
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chi minascdhaigt her westsssiakt hoptpHAteebkSgaic@sugetes in
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they 15 differ rom I n_man
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15conditrrongenikhug cei ¢r Was chotit possd bifert ehpredifctcient
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e

cul turi ng(J) Séfstf‘?f%ﬁ T NS PeRYerindel Fells is
whet heeqEStde] Iagceru@lml@dl bying uctentret bocs asagabeium
passpgeshmitid, e DRBE N @i tHaR0ab A€t i MAdi {157 LRlrbah Bsh i ons .

20 Statﬁo%%%%éﬂ %%b?gégggéﬁ o%n ugﬁ gy%odghgo ES cells i1s known
to result in lower efficiency than for other cell types
{Lakshmipathy et al., Stem Cells 22:531, 2004 {(Non-patent
document 8)}). Methods using various wviral vectors for
transfer of exogenous genes have also been reported. For

25 example, retroviral vectors (Cherry et al., Mol. Cell
Biol., 20:7419, 2000), adenovirus wvectors (Smith-Arica et
al., Cloning Stem Cells 5:51, 2003}, lentivirus vectors
(Amaguchi et al. J. Virol, 74:10778, 2000; Asano et al.,
Moi. Ther. 6:162, 2002; International Patent Publication

30 No. WO02/101057), and Sendai virus vectors (Sasaki et
al., Gene Ther. 12:203, 2005; Japanese Unexamined Patent
Publication No. 2004-344001) are publicly known.
Nevertheless, the construction and preparation of wviral
vectors require relatively complex and time consuming,

35 while biological safety is also an issue, depending on
the virus, and therefore such methods are neither

convenient nor universally employed.
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proliferation potency of the ES cells can be
increased. In fact, the proliferation potency of F9
cells cultured 25 on an E-cad plate is roughly

equi valent to that of F9 cells cultured on a
conventional cell culturing plate, and no data had
been obtai ned to suggest that ihe proliferation
potency of ES cells could thereby be increased. 30

E'Cadherbﬁnbé &%Q%ﬂ t%xgg ﬁé@ Qﬁ§§g g¥nsf°r i to ES cells

undlfferentlate miri ne IS a
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een a?t %??1%% f%%96%F écﬁgﬁﬁy%%’ahtexéﬁ%nous gene

L UbStYR Shenca b £S48 s ctil i g TlABthbRl methpg.

I n addiehnitag, t on t e reffeidcketin tild Walngdnehdbetsfection has

des%é&e@segey@shwe@nekueyp@ﬁ eénog%ﬁa%%cs&ké Such as

ceII are t abor at qr rmterlal or
R N s b GRS R
i s aismifipaceksdrighes desiegds it Mdscmncef fhagieant By
i nt raQ.d.UCiBEI.@te&EI acdted QS@Q&Q@HSZCQﬁIUei.aikBﬁﬂiIBJ\ﬁuﬁ%H s1.,

and &%‘PJ %%zi tsrbelm 2bB4PALA GUl ALy gn@ugéxfteﬁqy for

appd%/ i'n regenerative ne
tre C}’rﬁ’ﬂeroft’(ﬂa? |“Eﬁf§"°ddif§@5§’é%s i% SP&CABdI ?%/e‘ftiﬁe‘c@éfl pulse-
pr opetares ing uddvias ,1@npr ok ferratt @asgntlo prepare the

di f f@a&r&xallat:w@npmr@cy FQEtB@ﬁncdzreUg 1ts @BSh&ééfésta)by aad
this can Qes ntro

tisfac c
and ‘express| ng Whpr opL‘)L i af‘% %x%g%% s éeﬁ%ghl L{[rwg%ln ko
cel I&Lspeysehehe aseligidwadi ael BS cdd §herﬁf@§e vitgelopll
knowv:tikat ygeseselearivieayanighi cial |y nodified to

produce Jr%ugra{w%sq: mﬂsg@uw é&@@&%tsf@qﬁetﬁﬁs for
whi ch effici ent r ansf er t hods _are es

al
usef&ﬁ“rléoaleﬂ‘ériltelq‘f aﬁ‘?é‘flér SB?he%gEesn&?é getriae! r}&e fethoas

cel Isirngy gene transfer agents that are inexpensive and
convenient to prepare, and would allow efficient transfer
of exogenous genes into cells being cultured in an
incubator.

Non-patent document 1: Manipulating the Mouse
Embrye: A Laboratory Manual (Hogan et al., Cold Spring
Harbor Laboratory Press, 1994). ’

Non-patent document 2: Embryonic Stem Cells
(Turksen, ed. Humana Press, 2002).

Non-patent document 3: Xu et al., Nature Biotech.
19:971, 2001. ,

Non-patent document 4: Amit et al., Biol. Reprod.
70:837, 2004.

Non-patent document 5: Sato et al., Nature Med.
10:55, 2004.

Non-patent document 6: Nagacka et al., Biotechnol.
Lett. 24:1857, 2002.



frequently acconplished using agents such as cal ci um
phosphat e, DEAE-dextran and cationic lipid
preparations. 20 However, application of such nethods
to ES cells is knowmn to result in |lower efficiency
than for other cell types (Lakshm pathy et al., Stem
Cells 22:531, 2004 (Non-patent docunent 8)). Methods
using various viral vectors for 5 transfer of
exogenous genes have al so been reported. For 25

exanpl e, retrOV|raI ectors (Cherry et al Mol . Cel
Biol., 20:NPAT§3t %‘b(fi/ OcUEEBho 1P{?§a\956t%‘i gl., Protein Eng,

(Smi t he A&H43caz26p03.al., Coning StemCells 5:51, 2003),

| entivi rumowepa@é& doAmmarE s ; qjak@hm;r%ath\ﬂ @l 21., Stem
[ . er.” 6:162,

74: 103 f% g o et al. Mo

2002; efna % at ent Publlcat|on 30 No.
EVWOZI1010§?F?nbn§x8@ﬁ@éi1vi¥nkﬁrmééﬁ@m@ﬂ(ﬁa¥§akiP@hlication
al ., Meneiobhep1s1@: 203, 2005; Japanese Unexani ned

Patent P tion 004-.344001 i cly . :
known. hggé?gﬁ'#OCUH“%Fh% C%Hﬁ??ﬁg %%%{g)g B! Bihication
pr epdtat "9A3662833%1 vectors require relatively

conpl ex and tine consuning, 35 while biologica
105af et Jc§ o8L50 @ (rSSYhveERENdi ng on the virus, and

t her eforesuch methods are nei ther conveni ent nor
uni ver sal f£§ %HﬁﬁbﬁgdthesﬂzﬂléﬁﬁééﬁﬂﬁﬁiI&t exotjerrbigct of
gene ttheapséeent ninoehSicel s prosidesi ream@ntyr cantueing

out kﬁﬂu@lﬂgigﬂgjggé%wﬁeﬁﬁs éﬂd%CEEO@Qrégﬂlgnw1gKB&% using

t ech % e invgl ves aggllcatlon of  an electrica

pul sé £6°EefT 0 "PPARST et Proptieipores Pﬂt%“(%ﬁhé’f the
15cel | QﬂéﬁbraﬁEEﬁqmmntEdtamﬁhnhﬂ gRneftmmsérogehbirsiegeneis

i nto ithbeesgedds, and it is a highly flexible nethod

Recently an i ved que IIe nuc|§ tlon

has been eéf‘%? gﬁeﬁo b?r% e%%b SRotrs ﬁ VS

t rangfrereed diveagery $¢Hd}a§ekhermﬂﬂayblﬂ@taﬂhwéwenioe651ng

Si gnipﬁ;bmaﬂéfa/tllajngbete@(praeﬁsh@ar&fg‘lin@ikgeﬁy {dQrsenz et
051 PePeRity BB L oy “CRgRPeRT- Goceeht
8)) state w1thout colony formation, or in other words, in a
dispersed state.
As mentioned above, the present inventors have
succeeded in culturing F9 cells, an embryonal carcinoma
25 cell 1line, without coleony formation, i.e., in a dispersed
state. When a cell culturing plate which had E-cadherin
immobilized or coated on a solid phase surface (E-cad
plate) was prepared and F9 cells were seeded on the
plate, the F9 cells exhibited a dispersed cell morphology
30 without colony formation. The proliferation potency was
essentially the same for F9 cells cultured on the E-cad
plate and F9 cells cultured on an ordinary plate.
When it was attempted to seed ES cells on an E-cad
plate, wvirtually all of the cells adhered to the plate,
35 and they exhibited a dispersed cell morphcology without
colony formation, similar to F9 cells. Most notably, the

preoliferation potency of ES cells seeded on the E-cad



However, this nmethod requires a special electrica

pul se- generating device, and it is not easy to
prepare the 15 optimal conditions. Furthernore, it is
necessary to first treat the cells with a protease
such as trypsin to disperse the individual cells,
and therefore the cell toxicity is relatively high.
Thus, the nost useful gene transfer nethods for 20

pluripotent stemcells such as 'ES cells would be

nmet hods using gene transfer agents that are
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| nt ernati ona 17 cat T on
Pat eftetiisdanetitd FhafneieRicoRare Pate e PEBETESG Bi

transplanting them into mouse early embryos, and the
present invention was thereby completed.

Therefore, according to a first mode of the
invention there is provided a novel method of growing
pluripotent stem cells, such as ES cells, which requires
no feeder cells. The method of the invention is
characterized in that the culturing vessel used has a
pluripotent stem cell-adhering molecule immobilized or
coated on a substrate solid phase surface at a
predetermined density, whereby the cells can be cultured
in a dispersed state for increased proliferation ability.
The pluripotent stem cells prepared in this manner retain
their undifferentiated state and pluripotency.

According to a second mode, the method of the
invention is characterized in that the culturing vessel
used has a pluripotent stem cell-adhering molecule
immobilized or coated on a substrate solid phase surface
at a predetermined density, whereby culturing of the
cells in a dispersed state can increase the gene transfer
efficiency into the cells.

As another working mode, the invention relates to
pluripotent stem cells having an undifferentiated state

and pluripotency, which are prepared by the method
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No. W03/020920. 10 Disclosure of the Invention In
Iight of these circunstances, it is an object of the
present invention to provide a nethod for culturing
pl uri potent stemcells such as ES cells w thout using
feeder cells, wherein the proliferation potency of
the 15 cells is augnented andithe gene transfer
efficiency is increased. In order to solve the
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The present invention primarily relates to the
following aspects.

(1) A growing method for pluripotent stem cells,
characterized by growing the pluripotent stem cells in a
dispersed state while maintaining their undifferentiated
state and pluripotency, using a liquid medium and a
culturing vessel having immobilized or coated on a
substrate solid phase surface a molecule which is
adhesive to the pluripotent stem cells, without using
feeder cells.

(2} A gene transfer method for pluripotent stem
cells, characterized by efficiently transferring a gene
into the pluripotent stem cells and expressing it, using a
liguid medium and a culturing vessel 5aving immobilized
or coated on a substrate solid phase surface a molecule
which is adhesive to the pluripotent stem cells,

{3) The method of (1)} or (2} above, wherein the



transfer efficiency and expression |level were 5

significantly higher as well. It was further
confirmed that ES cells passaged nultiple tinmes on
an E-cad plate are still wundifferentiated and

mai ntain their pluripotency if a factor that

mai ntains undifferentiation is added to the 10 liquid
nmedium In addition, it was de strated that ES
cells prepared by the aforenentioned nethod can be

i nduced.to differentiate into functi ona
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wherein the molecule which is adhesive to the plurlpotent

stem cells is fused with an immunoglobulin Fc region and
is immobilized on the substrate solid phase surface via
the Fc region.

25 {9) The method of any one of (1) to (8) above,
wherein the pluripotent stem cells are mammalian
embryonic stem cells (ES cells) or embryonic germ cells
(EG cells}.

(10) Pluripotent stem cells produced by the method

30 of any one of {1} to (9) above.

Brief Explanation of the Drawings

Fig. 1 is a pair of graphs showing adhesion of ES
cells {R1l and EB3 cell lines) to E-cad-Fc coated on a
35 polystyrene plate. The adhesion rate represents a
relative value in which 100% is the number of ES cells
adhering to a plate coated with gelatin (0.1%). BSA:



and pluripotency, which are prepared by the nethod -
15 disclosed by the invention. For the purposes of
the present disclosure, the "undifferentiated" state
of pluripotent stemcells can be confirned by
expression of at l|east one undifferentiation marker.
5 According to anot her working node, the invention
relates to differentiated cells-produced, by
appropriate differentiation |ngucing treatnment, from
pl uri pot ent [ em cel.ls prepared by the nethod .
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SteMinto the cells after three days was detected by antibody

staining using a fluorescent dye. *: with respect to
Cont group, p<0.01l.

Fig. 4A is a set of photographs showing expression
of a marker for an undifferentiated state of ES cells
seeded on an E-cad-Fc plate. The ES cells (EBR3 cell
line) were seeded on a gelatin plate (indicated as Cont)
or an E-cad-Fc plate, and ALP activity was detected on
the 14th day of culturing. In this figure, LIF(+) and (-
) respectively indicate addition/nen-addition of LIF to
the culturing medium.

Fig. 4B is a set of photographs showing expression
of markers for undifferentiated ES cells seeded on an E-
cad-Fc plate. The ES cells (EB3 cell line) were seeded
on a gelatin plate ({(indicated as Cont) or an E-cad-Fc
plate, and Oct-3/4 protein was detected on the 14th day
of culturing. DAPI: Nuclear staining with DAPI. Merged:
Superposition of DAPI and Oct-3/4 antibody stain.

Fig. 5 is a set of photographs showing expression of



cells, characterized by efficiently transferring a
gene into the pluripotent stemcells and expressing
it, using a liquid nediumand a culturing vesse
havi ng i mmobi |l i zed 35 or coated on a substrate solid
phase surface a nolecule which is adhesive to the
pluripotent stemcells. (3) The nethod of (1) or (2)
above, wherein the - 16 nnlepg%e_mhich i s adhesi ve
to the pluripotent stemcells is either a nolecule

that is expr ssed by the pluripotent stemcells, or
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famly i g -%adl*a%rln or a nolecule which has
structuraf honmo ogy with that nolecule, which

conpri sesFite ECF dofprnh amgvone tdre ABFeredoriniiny of ES
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(9) The"hetiod BI-ahy i of F1-r5°( By duovans &5 celle
wher éRh 1ine)pbariipdtant peseayet|drs aagel atimmelrba
(indicated as Cont) or an E-~cad-Fc plate were recovered,
20 and an EB was formed in LIF-free medium to induce
differentiation. Samples recovered on day 16 after EB
formation ("EB" in the figure) were used for examination
of different differentiation marker gene expressions by
RT-PCR. As control groups there were used ES cells prior
25 to the aforementioned passaging and the lé6th day EB
formed using those cells (lst and 2nd from left in the
figure, respectively). T/Bra: T/Brachyury, BH1:

hemoglobin, AFP: a-fetoprotein, TTR: transthyretin,
GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

30 Fig. B8 is a pair of photographs showing pluripotency
of ES cells passaged on an E-cad-Fc plate. ES cells (R1
line} seeded on the E-cad-Fc plate were induced to
differentiate into neurons {upper) and cardiomyocytes
(lower}). These photos show images of the cells fixed on

35 the 12th day after inducing differentiation and stained
with antibody for markers specific to neurons and

cardiomyocytes.



enbryonic stemcells (ES cells) or enbryonic germ
cells (EGcells). (10) Pluripotent stemcells
produced by the nethod 30 of any one of (1) to (9)
above. Brief Explanation of the Drawings Fig. 1 is a
pai r of graphs showi ng adhesion of ES cells (Rl and
EB3 cell lines) to E-cad-Fc coated on a 35

pol ystyrene plate. The adhesiongate represents a
rel ative val ue in vvhi ch 100%is the nunmber of ES
cells adhe_rin a plate _coated with gelatin

(0.1% . BSA9I:- 137S Gdp GF t HRES9EaPhs dPgg9egn-tine
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the cells after one day was detected by antibody stain
using a fluorescent dye, and the fluorescent intensity
20 was measured. *: with respect to Cont group, p<0.01.
Fig. 11 is a set of photographs showing the
morphology of ES cells seeded on a human E-cad-Fc plate.
The cell images were taken two days after seeding the ES
cells on a plate ccated with gelatin (Cont) or E-cad-Fc.
25
Best Mode for Carrying Qut the Invention

{Definitions)
The term "pluripotent stem cells" as used throughout
the present specification refers to cells capable of
30 prolonged or wvirtually indefinite proliferation in vitro
while retaining their undifferentiated state, exhibiting
normal karyotype (chromoscomes) and having the capacity to
differentiate intoc all three germ layers (ectoderm,
mesoderm and endoderm) under the appropriate conditions.
35 The term "pluripotent stem cells" includes, but is not
limited to, ES cells isolated from early embryo and their

analogous EG cells isolated from fetal-stage primerdial



of a marker for an undifferentiated state of ES cells
seeded on an E-cad-Fc plate. The ES cells (EB3 cel

25 line) were seeded on a gelatin plate (indicated as
Cont) or an E-cad-Fc plate, and ALP activity was
detected on the 14th day of culturing. In this
figure, LIF(+) and ( respectively indicate

addi ti on/ non-addition of LIF to, the culturing
medium 30 Fig. 4B is a set of photographs show ng
expressi on of mar kers for undifferentiated ES cells
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20 can generally be induced from pluripotent stem cells.
Specifically, there may be mentioned ectodermal cells or
ectoderm-derived cells, mesodermal cells or mesoderm-
derived cells, endodermal cells or endoderm-derived
cells, and the like.

25 The term "liquid medium" as used throughout the
present specification includes any liquid medium that can
be used for conventiocnal methods of passaging pluripotent
stem cells.

The term "pluripotent stem cell-adhering molecule”

30 as used throughout the present specification may refer to
a molecule that binds and adheres with affinity to
pluripotent stem cells, and it may be any of various
types such as a protein, peptide, saccharide chain, low
molecular compound (drug) or the like. As pluripotent

35 stem cell-adhering molecules, there are preferred
molecules that are expressed in the cells and have
homophilic binding ability, and as examples there may be



(RL Iine) seeded and passaged on a gelatin plate
(indicated as Cont) or an E-cad-Fc plate were
recovered, 20 and an EB was formed in LIF-free medi um
to induce differentiation. Sanples recovered on day

16 after EB formation ("EB" in the figure) were used
for examnation of different differentiation marker
gene expressions by RT-PCR As,,control groups there
were used ES cells prior 25 to the aforenentioned
passagl ng and the 16th day EB _forned using those
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20representT££%%é%hég éégyied for immobilizing or ceating the
pluripotent stem cell-adhering molecule onto the solid
phase surface of the culture substrate may be a physical
method such as adsorption or a chemical method such as
covalent bonding, but an adsorption method is preferred

25 for ease of operation. Also, an artificial antigenic
molecule may be added to or fused with the adhering
molecule beforehand in order to utilize binding of
specific antibodies for the antigenic molecule. In this
case, the specific antibodies must be immobilized or

30 coated on the solid phase surface of the culture
substrate beforehand by a physical methcd such as
adsorption or a chemical method such as covalent bonding.

The culture substrate prepared in this manner can be

used directly for ordinary culturing of the pluripotent

35 stem cells. That is, an appropriate number of
pluripotent stem cells may be suspended in a commonly

employed liquid medium or cell culture medium, and the



Fig. 10 is graph show ng gene transfer/expression
efficiency for ES cells seeded on an E-cad-Fc plate.
The 15 ES cells (EB3) were seeded on a gelatin plate
(indicated as Cont) or an E-cad-Fc plate, and they
were subjected to gene transfer with a GFP
expression vector. The GFP in the cells after one
day was detected by antibody stgin using a
fluorescent dye, and the fl uorescent intensity 20 was
measured. *: with respect to Cent group, p<0. 0
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ZOaCtIVIt §¥ spe01§lca %ﬂ?refers to a state of growing cells
adhered to a culture substrate surface, wherein no
distinct colonies are formed and the individual cells are
either not in contact with other cells or if partially in
contact, have a very small area of contact.

25 The term "gene" as used throughout the present
specification means genetic material, and refers to
nucleic acid including transcription units. A gene may
be of RNA or DNA, and may be a naturally occurring or
artificially designed sequence. Also, the gene need not

30 code for a protein necessarily, and for example, it may
code for functional RNA such as a ribozyme or siRNA
(short/small interfering RNA).

Other advantages and features of the invention in
addition to the effect described above will be explained

35 in the detailed description of the preferred embodiments
provided hereunder.

Unless otherwise specified, gene engineering methods
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(product) expression, or based on expression of
various antigenic nolecules. The state of

undi fferentiation of 10 pluripotent stemcells neans
that the pluripotent stem cells are capabl e of

prol onged or virtually indefinite proliferation and
exhi bit normal karyotype (chregposones), while having
the capacity to differentiate into all three germ

| ayefs: snder; H@l@&ﬁ’ié&prﬂ %tl%ggoyx% tﬁeoaz%»nblﬁén! h&. A erm

"pl uripatency” as used throughout resent
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t he r f,a i.ch dlffere t ion 20
canyhgn%req] %gg%en ucedfdfrl'r’\ggnmral‘?f’?all % %‘ﬁf ‘el | s.
Spectering @-Lﬁﬁ%F%ﬁ?ﬁ%/Mﬁ@“ﬁéht?Eﬁ] %@é@@dé?@ﬂ#rqgﬁlﬁs
or Ressaider meddr syethg élardpornbsiosertaly eekks, arool) ;

mesegder it @%EM@le?eid $1o180dedersal; LF/ é%u%_ bel et al.

TS TR et et P8Rt R Tpy BeaAo1ogy
spetfFitnt (AGAIPNES RIS saiy PER g ek qredisum Masliodmrn be
USeﬂoiéﬁuhh&ﬂﬂeﬁlbgyﬁﬁBdﬂﬂih@ds&Oﬁtﬂﬁﬂi%@g|QGS , Humana

pl up i pot e@t003§te elghéulﬁhné |yl pot enJ{ ;fg{?er@ach

used hro

cel erln
pr e%’”e‘fil Hhee fl(%%ﬁ'i‘*’d?? r?é’y*r@i‘%?rcf FriyersiEE uf & $5har000) ;
bi ndizd dnd ipdhiéees Mildpogktbnytyartuel pHarilpeotentalst @mLane

cel és,, and d Fpgﬁﬂg e ey @gbaﬁéﬁw prtexeeswsm)h agTH
ro e | sacchar.i de, ch ecu
E’on%egﬁéd‘%d?ad Fe S AR R e RO, P S S e
cel PLdfwRY Pﬁ@eﬁﬁm@'&ﬁ é@fefﬁé‘?etfarté‘r@weﬁé}d?e@e present
nol geadiesi chhabn aiee exprieaded from emeelksannerh@de such
hor@@mlldn@ bindi N\ aki'n'ﬁﬂ:)éog@ﬁ%las%oex@%%@éc hele may

],t msntl oned the cadhérin fam'l ecul es.
E—ca':d‘i1"’1 A% ®i's known to be expressed by
undi f f erfedri abediES aleltbodadfor cell culturing and

development and cell biology experiments using the
pluripotent stem cells may be carried out with reference
to standard literature in the field. These include Guide
to Techniquées in Mouse Development {(Wasserman et al. ed.,
Academic Press, 1993); Embryonic Stem Cell
Differentiation in vitro (M.V. Wiles, Meth. Enzymol.
225:900, 1993); Manipulating the Mouse Embryo: A
Laboratory Manual (Hogan et al. ed., Cold Spring Harbor
Laboratory Press, 1994); and Embryonic Stem Cells
(Turksen ed., Humana Press, 2002). The reagents and kits
used for the cell culturing and development and cell
biclogy experiments referred to throughout the present
specification are available from commercial vendors such
as Invitrogen/GIBCO and Sigma.

Standard protocols have already been established for

generation, passaging and preservation of murine and



is therefore preferred for use, but there is no
particular restriction thereto. Wen the adhering 5
nolecule is a protein or peptide nolecule, a peptide
fragnent thereof nay be used as long as it has the
same adhering activity as the protein or peptide

nol ecul e. A pluripotent stem cell-adhering nol ecul e
can be wused for the culturingpethod of the
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plurlpotent 35 stem cel
nunb%?c?ﬁ ing to methods descrlbed for each.

ES cells are pluripotent stem cells isolated as an
aggregate of undifferentiated stem cells by extracting
the cell mass in the interior of the blastocyst-stage

25 embryo, known as an inner cell mass, and transferring it
to in vitro culture, with repeated detachment and
passaging of the cell mass. 2As murine ES cells, there
are known various lines including E14, D3, CCE, R1l, J1,
EB3 and the like, some of which may be obtained from the

30 American Type Culture Collection, Cell & Molecular
Technologies or Thromb-X. Currently, 50 human ES cell
lines have been established throughout the world, and 20
different lines are registered at the U.S. National
Institutes of Health (NIH)

35 {http://stemcells.nih.gov/registry/index.asp). Some of
these may be obtained from ES Cell International or the

Wisconsin Alumni Research Foundation.



pl uri potent stemcells may be suspended in a comonly
enpl oyed liquid nediumor cell culture nmedium and
the - 22 mxture applied to the culture substrate.
Subsequent 1iquid nmedi umrepl acenment and passagi ng
may al so be carried out in the sanme manner as in
conventional nethods. 5 The term "honophilic
bi ndi ng" as used throughout thg: present
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for B2pF0t7di%n Meeesdarst! gl. amtkdor Neranplaad. i BcihmyUsh
130:11911-6), and a method of fusing ES cells with
20 gomatic cells to produce ES cells having the genetic
information of the somatic cell nuclei (International
Patent Publication No. W000/49137; Tada et al., Curr.
Biol. 11:1553, 2001). The ES cells used for the
inventiocn include ES cells produced by such methods and
25 ES cells whose chromoscmal DNA has been modified by
genetic engineering techniques.

EG cells used for the invention are produced by
stimulating fetal germ cells known as primordial germ
cells on feeder cells such as MEF cells, STO cells or

30 $1/51%-m220 cells with a chemical agent such as LIF,
bFGF/FGF-2 or forskelin in the same manner as ES cells
{(Matsul et al., Cell 70:841, 1992; Koshimizu et al.,
Development 122:1235, 1996), and their properties are
very similar to those of ES cells (Thomson & Odorico,

35 Trends Biotechnol. 18:53, 2000). As with ES cells, EG
cells produced by fusing EG cells with somatic cells
(Tada et al., EMBO J. 16:6510, 1997; Andrew et al.) and



code for functional RNA such as a ribozynme or siRNA
(short/small interfering RNA). O her advantages and
features of the invention in addition to the effect
descri bed above will be explained 35 in the detailed
description of the preferred enbodi nents provided
her eunder. Unl ess ot herw se specified, gene
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exper nts using, the ot ent gtem cells may be

n
carr i e orl?tnt\haiL'ﬁ PER P&Ecg{lr D SSERNTAY S i t BPREUTE /i n
t he Pletipotehesetémealde ol ajiane@5by ocTeuiniinguesot sheath
Mousee Dayv elropaeat i (0% Ser (B Bhadlion®d.Batent Publication

20 No. W002/51980), intestinal epithelial cells
(International Patent Publication No. W002/57430) or
inner ear cells {(Li et al., Nature Med. 9:1293, 2003)
under special culturing conditions, and pluripotent stem
cells produced by treatment of blocod mononuclear cells

25 (or stem cells contained in their cell fraction) with M-
CSF (Macrophage-Colony Stimulating Factor) + PMA (phorbol
12-myristate 13-acetate) (Zhao et al., Proc. Natl. Acad.
Sci. USA 100:2426, 2003) or CR3/43 antibody (Abuljadayel,
Curr. Med. Res. Opinion 19:355, 2003), are alsco all

30 included as long as their features resemble those of
ES/EG cells. 1In this case, features resembling ES/EG
cells may be defined as cell biclogy properties unique to
ES/EG cells, such as the presence of surface (antigenic)
markers specific to the cells and expression of genes

35 specific to the cells, as well as teratoma-forming
potential and chimeric mouse-forming potential.

The present invention relates to a method of
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Academ c Press, 1993); Enbryonic Stem Cell
Differentiation in vitro (MV. Wles, Mth. Enzynol.
225: 900, 1993); Manipulating the Muse Enbryo: A
Laboratory Manual (Hogan et al. ed., Cold Spring

Har bor 30 Laboratory Press, 1994); and Enbryonic Stem
Cells (Turksen ed., Humana-Peess, 2002). The
reagents and kits wused for the cell culturing and

dﬁve:luqzﬁmemgt; %ﬂ@r@@lajce?@i &d&g)éfeﬂge__{ﬂéﬁeﬁi%gr g ?{éal‘glfseta%d
t hr Qug e .present specification. are avai
fro%%cggr%ear%ﬁeé:llz\?gnla%r%ﬂs cAO3BA5°T i BGRRT & B0
and PSEgHROt Sitasdaide p bt odeirs ihatesaliedady ebeen as
est dbl i shesk «ror st@ﬁﬂ@dﬁ?ﬂlt—ia@ﬁ,erﬁ)ﬁ§$:ﬂ@ié’tgll@:3d) . The

re ' f. ri - L pot ent
St eﬁgﬁﬁfﬁgi‘?‘“‘}‘;ﬁé;&@ﬁeéﬂﬁm@%_ sxifd notRR 8 HOLROLEN,
pl uFFpbY e Ltte 3e’r’|“éer§/h)'/3t°ﬁ PEFePRTt & Ao thehgulturing
| it epbbed eofhdie dneenbbovey asinel imadidnzatumdareeed on
of gehb%oiﬂd Qhaker Suf NValeS Wir ﬁLc@ltLtiriﬁgyl lvgs%@isag%’culture
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Shabht otylietreabupsth & e Ratant iNeenti,D9@s622ng as it
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5'8é§aﬂgg¥ Qﬂi 8; gﬁ%é; d%qadfa§%$ryll%%& g%’bg§%§$ inner
1996), rats §| annaccone et "al., Dev. él ol . t—1 .2§§, ,
199472 1% N7 128 Et°%S,, MiRFEFARTUiTal PPAEMNd the like.
PubThest icontNoe YIS/ 12t@A6hay hinckensf( Padrgaatical .,
Devehoprents 3242k 283%128296 60U B or 22lieNhatOrials such as
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20 pherESscehbspasedidor othaatewelild @RabBlya®e been
prepasfdd by, for example, hydrophilic treatment or
hYdrOphobic treatment for increased adsorption
properties. Also preferred are sterilizable materials
with high heat resistance and moisture resistance. As an
example of such a preferred substrate there may be
mentioned a polystyrene dish and/or plate with no special
cell culturing treatment {(hereinafter referred to as
"untreated polystyrene plate")}, most commonly used for
culturing of E. coli and the like, and such culture
substrates are commercially available,

A pluripotent stem cell-adhering molecule is a
molecule that binds and adheres with affinity to
pluripotent stem cells, and it may be any of various
types such as a protein, peptide, saccharide chain, low

molecular compound, or a molecule composed of two or more



according to nmethods described for each. ES cells are
pluripotent stemcells isolated as an aggregate of
undi fferentiated stemcells by extracting the cel
mass in the interior of the blastocyst-stage 25
enbryo, known as an inner cell mass, and transferring
it toin vitro culture, wth repeated detachnent and
passagi ng of the cell mass. As jurine ES cells, there
are known various lines including E14, D3, CCE, RI,
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20 for use. However, the adhesion molecules to be used are
not limited to E-cadherin, and any of the cadherin family
of molecules or heomophilic binding adhesion molecules
expressed by pluripotent stem cells may be used. Also,
gene modification of ES cells by a genetic engineering

25 technique resulting in expression of a full-~length or
partial gene coding for a molecule with homophilic
binding ability, even if it is not normally expressed by
ES cells, may be carried out for use of the molecule in
the method of the invention.

30 Cadherins are adhesion molecules involved in Ca?'-
dependent intercellular adhesion and binding known as
adhesive binding or adherens junction binding, and the
three types, E {(epithelial)-cadherin, N (neural)-cadherin
and P (placental)-cadherin are well-known. These

35 cadherin molecules are membrane-bound glycoproteins
composed of 700-750 amino acid residues, and the

extracellular region comprises five repeating structures,



part henogeneti c enbryo devel oped to the sane stage as
the blastocyst-stage (U. S. Pregrant Publication No.
02/168763; Vrana K et al., Proc. Natl. Acad. Sci. USA
100: 11911-6), and a nethod of fusing ES cells with 20
somatic cells to produce ES cells having the genetic
informati on of the somatic cell nuclei (International
Patent Publication No. W000/49137. Tada et al., Curr.
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met hod of b:szh)e I nvention. Moreover, pluripotent stem

col 190t BObelrsed"FoF FhetomS L7 cvihd CHEL RS HFTeRE
15| nventiibarearte qadhelriminggchdeES widdl psroiclHE@rdel hsgh
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mar r 6% krRFThaei aghBSEGUeh| fifilleer featores:, Eod gese
exanphee RS igkouped logehakned dhe edbhéFiNEagery
2oce||§eviews on cadherins may be found in Takeichi, Curr.
Opin. Cell Biol. 7: 619, 1995; Marrs & Nelson, Int. Rev.
Cytol. 165:159, 1996; Yap et al., Annu. Rev. Cell Dev.
Biol. 13:119, 19%7; Yagl & Takeichi, Genes Dev. 14:1169,
2000; Gumbiner, J. Cell Biol. 148:39%9, 2000; and
25 elsewhere.

E-cadherin {also, cadherin-1) is widely expressed in
epithelial cells such as parenchymal cells of internal
organs such as the liver, kidneys and lungs, and in
keratinocytes, and it is known to be an important

30 adhesion molecule for intercellular adhesion (see reviews
in Mareel et al., Int. J. Dev. Biol. 37:227, 1993; Mays
et al., Cold Spring Harb. Symp. Quant. Biol. 60:763,
1995; Eil-Bahrawy & Pignatelli, Microsc. Res. Tech.
43:224, 1998; Nollet et al., Mol. Cell. Biol. Res.

35 Commun. 2:77, 1999). Also, E-cadherin is abundantly
expressed on undifferentiated murine ES cells, and it is

known that ES cells lacking E-cadherin expressicn due to



under special culturing conditions exhibit features
extrenely simlar to ES/ EG cells (Kanatsu- Shi nohara

et al., Cell 119:1001, 2004), and may be used as
pluripotent stemcells. As another exanple there may

be nmentioned 15 nulti potent adult progenitor/stem

cells (MAPC) isolated frombone marrow cells and

having the potential to differgntiate into all three
germ | ayers. Mreover, pluripotent stemcells

obtai ned by culturing root sheath c¢ells or
kerat9?&ﬁ$¢ﬁé§“?%ﬂ?%ﬁ%ﬂﬂzPBH%I“?%ﬂﬁéﬁthQ&ﬁ%ﬁﬁﬁtFBEe%R?11“1ar
No. Wo@2¢5198Q).ariemtegskil nal Depiltpeknal 12el3185, 1996) .
(I'nt e@@@éd@}@' lE’aéaqntbeF’Hthfﬁftéoorahgl@ E%Oj%/eﬁf}?» Pned are
i nner _ear cel %# % g 1 % 3 20%3)
under® :ﬁéﬁ%ﬁfeﬁﬁ drt AYTRBA (50! l%ﬁﬂ FRpOT -2

st em seatdds apr b qed by gereatqrenesefoh|dddbase at the U.S.

nDnOﬂN&i@ﬁblC@éﬁ@a?&o&oﬁa§E@ﬁhﬁﬂbg§ ﬁﬂﬂﬁﬁb@§3n|nKBJ)

th (I
S a1 4§ “FARL b o2 Bk e G 0 P e o os

13- ac%ﬂQﬂd§F€Zha@reﬁth§F adimgen Naleculgsador €@¥IYHﬂ9AOUt
100: 2426,1n2@08) oi0r ﬁ@QSﬁéan&MHduQ@dYS(d“ﬁﬂdt@@ﬁy&i,peptlde,

pcurr o n I

30 |R€P%%raggg Té?%fyeg ?%%huzieaf %gfﬁﬁiggngT IFﬁuse of a
of ESE@PABPRS. PYGYeiRi SSs&clpeatan ddodegindt i ng

ES/ EGedtrlihsesByalatodehi tieids das aet | rditaliegyve. Other

pr 0pq{ettlh%§1 UQi %o‘i’n rﬁ%gge%%;l:§’m§w%% an I d, atnd for

presence O ace ent c markers SBG | C
the cRITEIEncP e‘%c]ﬁ‘rréggF%%t o ok FnGsaent TRl aqiehmay be

15cel | syscals afieet e rhetadoreed oumi Ajcatpoheftoml liandg tissue

Ch'”Qﬁ'%eﬁ@gSQMng?kB91@9ﬁﬁﬂlb@lchemJH%l@§e§§HEh951zed for
invention rel ates to a methoad of - cul turing

pluripétent stemcells including ES cells and is
char act er Pzewddyyl psphgevis] deukesltdraly dheresttaplished for

pl uripehent st qmo@al:hﬁg (J&ro@bmﬁéﬁ@rpﬂo%eﬁg eshd @b@glnlng
plurl otent ste -a herlngS

plurﬁboﬁgnf L ceIFu K&EPERY nblecﬁ#url% t?ftngem cell

adhesion molecules, and reference may be made to the
literature cited above, although there is no restriction
thereto. Taking E-cadherin as an example, the E-cadherin

gene has already been isolated and identified for animals

25 including human {(SEQ ID NO: 1), mouse (SEQ ID NO: 2) and

rat, and the respective nucleotide sequences are
accessible from public DNA databases such as NCBI
(Accession Nos.: (human) NM _004360; {mouse) NM 009864;
(rat) NM_031334). A person skilled in the art can

30 therefore design a primer or probe specific for the E-

35

cadherin gene of interest and use it in ordinary
molecular biclogical techniques to obtain and use cDNA
for the E-cadherin gene. Alternatively, cDNA for the E-
cadherin gene may be obtained from the RIKEN Gene Bank
{Tsukuba, Japan} or the American Type Culture Collection
{ATCC), or Invitrogen/ResGen. The gene coding for the

adhesion molecule used is preferably derived from the



carrying out the invention are used for the culturing
nmet hod of the invention by being i mobilized or
coated on the solid phase surface of a culturing
vessel or culture substrate (hereinafter also
collectively referred to 10 culture substrate). Any
culture substrate may be used as the culture
substrate of the invention as ng as it allows
culturing of pluripotent stemcells, but preferably
it is one used in the prior art for cell culturing.
As exX3Rf e_itF! SBREURR SBsthatstHeoplugipotent stem cells
cul t erendetherd may bHer neampdaedieendicdh, iptattdon is
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20 Chalnfeé thgwpmé{ersrggnPOLlay bgrmghgggned Lromoters from

co
v1ruses such as SV (Simian Virus) 40 virus,

cytomegalovirus (CMV) or Rous sarcoma virus, or B-actin
promoter, EF (Elongation Factor)la promoter or the like.
The gene used to produce the recombinant protein

25 does not necessarily have to contain the full-length
region of the gene coding for the molecule, as it may be
a partial gene sequence as long as the protein or peptide
molecule encoded by the partial sequence has adhesion
activity equivalent to or exceeding that of the original

30 molecule. For example, an E-cadherin suitable for use
according to the invention may be a recombinant protein
constructed from partial sequences including 690-710
amino acid residues from the N-terminal coding for the
extracellular region, i.e., a protein comprising the ECl-

35 EC5 domains. Because the domain nearest the N-terminal
{EC1l) of a cadherin molecule generally determines the

binding specificity, or homophilic binding property, of



of these. Few adhesi on nol ecul es have been reported
for wundifferentiated ES/ EG cells, but they are known
to express, for exanple, ICAM1, VCAM 1 and NCAM

bel onging to the i munogl obulin superfamly (Tian et
al., Biol. 5 Reprod. 57:561, 1997). The pluri potent
stemcell adhesion nolecule is preferably one that
is expressed on the cell nenbrgne surfaces of the
pluripotent stemcells wused, and nore preferably it

is a Iec e homophi | i ¢ _bi.ndi.ng. iLity, o
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materials such as polystyrene.
Numerous genes coding for immunoglcbulin Fc regions
have already been isclated and identified in mammals,

25 including humans. Many of their nucleotide seguences
have been reported, and for example, sequence data for
nucleotide sequences containing human IgGl, IgG2, IgG3
and IgG4 Fc regions are accessible from public DNA
databases such as NCBI, those sequences being registered

30 respectively as Accession Nos.: AJ294730, AJ294731,
AJ294732 and AJ294733. Thus, a person skilled in the art
can design a primer or probe specific for the Fc region
and use it in ordinary molecular biological techniques to
cbtain and use cDNA coding for the F¢ region. In this

35 case, the animal species and subtype of the gene coding
for the Fc region of interest is not particularly

limited, but preferably the gene codes for the Fc region



and P (placental)-cadherin are well-known. These 35
cadheri n nol ecul es are nenbrane-bound gl ycoprot ei ns
conposed of 700-750 am no acid residues, and the
extracel lular region conprises five repeating
structures, - 29 known as extracellular cadherin
(EC) domains, consisting of about 110 am no acid
residues. For exanple, the dompdns of human

E- cadherin (am no acid sequence Iisted as SEQ I D NO
1) arg res ectlvel

E
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20|ive&ec5%g{ﬁaﬁ% %@gtEHQgﬁkm%ﬁgiﬁght Human/Mouse E-cadherin-
Fc Chimera; R&D systems, Genzyme Techne), which may be
used as a mouse or human E-cadherin protein.
The method for immobilizing or coating the
pluripotent stem cell adhesion molecule onto the solid
25 phase surface of a culture substrate for carrying out the
method disclosed by the invention may be a physical
method such as adsorption or a chemical method such as
covalent bonding, but an adsorption method is preferred
for ease of execution. When the adhesion molecule is a
30 protein or peptide molecule, or when it is a high
molecular compound containing saccharide chains, the
molecule can be easily adsorbed by contacting a solution
of the molecule with the solid phase surface of a culture
substrate such as a plate and removing the solvent after
35 a prescribed period of time. More specifically, an
adhesion molecule solution prepared using a solvent such

as distilled water or PBS may be filtered and sterilized



keratinocytes, and it is known to be an inportant 30
adhesi on nol ecule for intercellular adhesion (see
reviews in Mareel et al., Int. J. Dev. Biol. 37:227,
1993; Mays et al., Cold Spring Harb. Synp. Quant.
Biol. 60:763, 1995; El-Bahrawy & Pignatelli,

M crosc. Res. Tech. 43:224, 1998; Nollet et al.,

Mol. Cell. Biol. Res. 35 Comun, 2:77, 1999). Also,
E-cadherin is abundantly expressed on

undi fferentiated murine ES cells, and it is known
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recombinant protein obtained by fusing a protein or tag
sequence peptide to the adhesion molecule, an antibody
specific for the fused molecule may be attached to the
culture substrate beforehand for use.

25 The adhesion molecule immobilized or coated on the
solid phase surface of a cell culture substrate for
carrying out the invention may be of a single type, or
two or more different adhesion molecules may be used in
combination., In such cases, solutions of each adhesion

30 molecule may be mixed and the mixed solution applied in
the manner described above.

The concentration of the adhesion molecule solution
must be appropriately considered based on the adsorption
and/or affinity of the molecule and the physical

35 properties of the molecule, but for a recombinant protein
obtained by fusion of an Fc region with the extracellular

region of E-cadherin, the concentration is about 0.01-



gene has al ready been isolated and identified for
animal s 25 including human (SEQ I D NO 1), nouse (SEQ
IDNO 2) and rat, and the respective nucl eotide
sequences are accessible from public DNA dat abases
such as NCBI (Accession Nos.: (human) NM 004360;
(nouse) NM 009864; (rat) NM 031334). A person
skilled in the art can 30 ther fore design a priner
or probe specific for the E- gherl n gene of

interest and use it in ordi nary nol ecul ar bi ol ogi cal
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20 Patent Nec. 5,843,780; Thomson et al., Science 282.114,
1998; Shamblott et al., Proc. Natl. Acad. Sci. USA
95:13726, 1998; Shamblott et al. U.S. Patent Publication
No. 6,090,622; Reubinoff et al., Nat. Biotech. 18:399,
2000; and International Patent Publication No.

25 WO00/27995), although there is no particular restriction
to these.

The liquid medium used for the culturing of the
pluripotent stem cells may be any one that can be
employed in conventional methods of passaging pluripotent

30 stem cells. As specific examples, there may be mentioned
Dulbecco's Modified Eagle's Medium (DMEM), Glasgow
Minimum Essential Medium (GMEM), RPMI1640 medium and the
like, usually with addition of about 2 mM of glutamine
and/or about 100 pM of Z-mercaptoethancl. There may also

35 be used KnockOut DMEM (Invitrogen), ES cell-qualified
BMEM (Cell & Molecular Technolegies) and TX-WES (Thromb-



preferably linked to a pol yA addition signal. As 20
preferred pronoters there may be nentioned pronoters
from viruses such as SV (Siman Virus) 40 virus,
cytonmegal ovirus (CW) or Rous sarcoma virus, or

(3-actin pronoter, EF (Elongation Factor)la pronoter

or the like. The gene used to produce the reconbi nant
protein 25 does not necessariky bave to contain the
fuII-Iength regi on of the gene coding for the
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t he ot her Tdengiqrs dmaydien comstrliotschgand tseglufhpoeent
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prefe&g at | eas refer
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mol egubgtaddul a%&hf@éﬂdﬂ?sgaééhﬁ& %r@@&hl’éﬁ]yy r-gggrlcted

reco n prote n tl one

oy oanasahe B PEBn el ged B P S R ef Lot B by 2
pept PdeteForfagkanpteat iits publ bel yprodutetras thef phbished
pr ot eii Be ik frean sinimMNOGloebBtj e lB@giLon1.plr-1vvi 1B Sknith

(G u%@tgion% %uléa§§é%ﬁ%3619géo%%tﬂjen et al., Genes Dev.
(Nhnnose Bi ndi n 9
:2308, 1990 , as well as by Access Nos, X13967 (human

LIF), X06381 (murine LIF) and NM 02215%6 (rat LIF), and
its recombinant proteins can be obtained, for example,
under the trade name of ESGRO (Chemicon). Addition of
GSK-3 inhibitor to the culture medium can efficiently
maintain the undifferentiated state of murine and human
ES cells without addition of cther growth factors or
bicactive factors (Sato et al., Nature Med. 10:55, 2004).
In this case, any substance having activity of inhibiting
GSK-3 activity may be used, and there may be mentioned,
for example, the Wnt family of molecules {Manoukian &
Woodgett, Adv. Cancer Res. 84:203, 2002; Doble &
Woodgett, J. Cell Sci., 116:1175, 2003}).

By seeding pluripotent stem cells that have been
maintained through passaging by conventional methods on
culture substrate prepared by the method described above

and culturing with the aforementioned culturing



Protein), avidin protein, Hs (oligo histidine) tag,

HA 15 (HemAggl utinin), Myc tag, VSV-G (Vesicular
Stomatitis Virus dycoprotein) tag or the |ike, and

a Protein AAG colum or a specific antibody col um

may be used for convenient and efficient

purification of the reconbinant protein. An

Fc-fusion protein is particulaghy preferred 20 for
carrying out the invention because it has a greater
ability to adsorb onto culture substrates nmade of

mat erfHI6 C46ehH Y PECYet yr¥nErKRY U fBResM EOdiiAg, 1t
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bi ndi n finit Protein A intro u0|%% and
ra

mut aFP%ﬂJstJr?ﬂs aééo“’%gﬁe&ﬁ’é’eaé’eoﬁ eeRAEgAokd
al ., pPebeeiinlyEny. 14631243, t2063, (Mennpabentodoedent
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increase rate or doubling speed per unit of time, and the
methods of measurement and calculation used may be any
publicly known methods employed for common cell
experiments.

As explained above, the state of undifferentiation
of pluripotent stem cells means that the pluripotent stem
cells are capable of prolonged or virtually indefinite
proliferation and exhibit normal karyotype {chromosomes),
while having the capacity to differentiate into all three
germ layers under the appropriate conditions. Also, they
preferably have at least one of the other properties of
pluripotent stem cells such as telomerase activity
maintenance, teratoma formation, or ability to form
chimeras. Methods of examining cell character and
properties may be easily carried out using established
standard protocols with reference to the literature cited

above such as, for example, Guide to Techniques in Mouse
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proteins for E-cadherin, which is preferred for
carrying 10 out the invention have been published in
the literature by the present inventors (Nagaoka et
al ., Biotechnol. Lett. 24:1857, 2002 (Non-patent
docunent 6); Protein Eng. 16:243, 2003 (Non-patent
docunent 7)). Also, there is gomrercially avail able
is a purified 15 reconbinant protein produced by
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surfa C arrél ng out he
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sacctrardnda cohdi nsqchdwe cajpbecinresrcabebécehsndthods .

adsor dipdh gy tﬁ@Bé &ﬁé 7o) %a&@hé&l@ﬁ redfertiBe; dmd eglkge
w th the, sol ase sur f ace. of Q#Iture substrate
0

such 8y emPh%’% RS AG the "SOTVERt SAfT &° 35 a
pree%wqqﬂﬁisﬁéFPﬁkp%ﬁ %QQﬁeln&b?e %ﬂﬂ&ﬂOPﬂe§|@®ﬁ1$ﬂ45 are
adhesd e resal. ecDh€res alayt benupl epaded ins s0gh anslodent
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steri ed hen cont act ture

sub%’%trJéztoé%&cﬁh%% bamdpltéft éndéﬁﬁe‘fet“‘ﬁl§‘t59| B%nbé‘alfi%e“t stem
st agrl ¥sor PnokbPediesy thagr $arget airfdilviidday/ speghitfic
permckdr® abtakfmde 48ld1 16ULVEL Bable and may be

conveniently used. Specific markers for undifferentiated
pluripotent stem cells include ALP activity and Oct-3/4
or Rex-1/2fp42 gene product expression. Varicus
antigenic molecules may also be used, which include the
undifferentiation markers SSEA-1 for murine ES cells,
SSEA-3 for human ES cells, or SSEA-4, TRA-1-60, TRA-1-81
gCTM-2 and the like, Expression of them is reduced or
eliminated upon differentiation of ES cells.
Alternatively, expression of undifferentiated
pluripotent stem cells markers can be confirmed by
molecular biological methods employed often in the prior
art for amplification, detection and analysis of mRNA
coding for desired marker proteins, such as reverse
transcriptase polymerase chain reaction (RT-PCR) or
hybridization analysis, without regard to the particular



substrate with the adhesion nolecule imobilized or 5
coated thereon. This is preferably used after rinsing
several tines with distilled water or PBS and

replacing with a bal anced saline solution such as

PBS. An artificial antigenic nolecule is preferably
added to or fused with the adhesi on nol ecul e

bef orehand because 10 this wl{q allow utilization of

bi nding with antibodies specific for the antigenic

nol ecul e nd |c|ent attachnment. of the adhesion
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exanpbeinerfsperapreksarsianaht protlei debbtrainggldwbyking from
fusi ngut hie: LgGaFsscd egicanat auddre adhesi on nol ecul e,

the anti body attached to the culture substrate

bef orehand may be one that 20 specifically recogni zes

t he |9%% A& geREohtaEderane phadh daitpaptupimettenh stem cells

obt ai ned kA)ccBusmﬁ@ t photeéN et ag tl$eeq_lﬂ1@@ﬁ€1&€,ptﬂh@e
ot 1 I eC|f|c far

1 e AR oSy e ST AR ey BREELL ] meunoc
subst ¥t @fﬁéf:b‘?%‘hatﬁfdmﬁé?ﬁf%% ﬂSSTﬁ%d FHEENOHS gene into
nol ecell e ipenebt | $1zed cell 1 soat®@drenatdeno spakktdcphase
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the i npvention nay be a S|n% , two or
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15conbigramitbnfat¢ies wehreasesyr,sehuenons ,0fa eaghscription
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200 P ER  Plnd apepev il Gont Pk (e 3/RRER0P Mk cnoy o
extré@@FPﬁP%ﬁ“ stability, such as a gene coding for GFP

{Green Fluorescent Protein) or P-galactosidase,
luciferase or the like.
As one preferred mode, the exogenous gene to be

25 transferred is linked to a nucleic acid sequence that
allows transcription and expression of the gene, i.e., a
promoter sequence, under control of the promoter in a
form allowing its transcription and expression. In such
cases the gene is also preferably linked to a polyA

30 signal segquence. As promoters that allow transcription
and expression of exogenous genes in pluripotent stem
cells, there may be mentioned promoters from viruses such

as 5V40 virus, CMV or Rous sarcoma virus, or P-actin

promoter, EFla promoter or the like. Depending on the
35 purpose, there may also be used a nucleic acid seguence

allowing transcription or expression of a specific gene



regi on of E-cadherin, the concentration is about 0.01
- 35 1000 [err]g/nL, preferably about 0.1-200 g/ni,
even nore preferably 1-50 [err]g/nL and nost
preferably 5-10 g/nlL. The pluripotent stemcells
used to carry out the invention are seeded on a
culture substrate prepared in 5 the nmanner descri bed
above. The cul turing nethod ango culturing conditions
for the pluripotent stemcells may be an ordinary

cul turing nethod _and culturlng conditions for
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and the recombinant virus used to infect the cells. in
this case, the viral vector is a re-construct of the
nucleic acid sequence of full-length or partially
deficient or mutated viral DNA or RNA, with the gene of

25 interest incorporated in an expressible manner.

Use of pluripotent stem cells grown by method of the

invention
The pluripotent stem cells that have been grown by
30 the growing method according to the invention may then be
obtained efficiently and in large amounts as pluripotent
stem cells maintaining their undifferentlated state,
using publicly known cell recovery methods. The gene
transfer method of the invention allows efficient and
35 high-yield production of pluripotent stem cells having
the desired gene transferred and expressed therein. The

pluripotent stem cells obtained in this manner will
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M ni rum Essential Medium (GVEM, RPM 1640 nedi um and
the like, usually with addition of about 2 nmM of

gl utam ne and/or about 100 M of 2-mercaptoethanol.
There may al so 35 be used Knockout DMEM (I nvitrogen),
ES cell-qualified DMEM (Cell & Mol ecul ar

Technol ogi es) and TX-WES (Thraeab--- 36 X), which are
commercially available as ES cell culturing nedia.
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pubtnbwe,greééxta%&gt YL o (nﬁmﬁtt'as& Hoonal, 3@% ‘5@‘%%% is
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faCtOLylenedlamlne tetraacetate (EDTA) solution is added to
a final concentration of 0.01~100 mM, preferxably 0.1-50
mM and more preferably 1-10 mM, for treatment at 37°C for
an appropriate time, preferably about 1-60 minutes and
more preferably 10-30 minutes for detachment of the
cells, and then the mixture is suspended in an
appropriate solution such as the aforementioned ES cell
culturing medium to obtain individual cells. The same
method may alsc be carried out using ethyleneglycol
bis{2-aminoethylether)tetraacetate (EGTZ) instead of
EDTR.

The present invention also provides differentiated

cells produced by appropriate differentiation-inducing
treatment from pluripotent stem cells prepared according

to the invention. The differentiated cells are not



bi oactive factors (Sato et al., Nature Med. 10: 55,
2004). In this case, any substance having activity
of inhibiting 30 GSK-3 activity may be used, and
there may be nentioned, for exanple, the Wit famly
of nol ecul es (Manouki an & Wodgett, Adv. Cancer Res.
84: 203, 2002; Doble & Wodgett, J. Cell Sc

116: 1175, 2003). By seeding pl yri pot ent stem cell's
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L;gg ng;d%ﬁhe rlpogent gkegeggfﬂggﬁg%aan éé%&%%&ggl§g]th
invention and/or differentiated cells prepared from such
cells are useful for pharmacological evaluation or
activity evaluation of varicus physiologically active

substances ({(such as drugs) or novel gene products of

25 unknown function. For example, they may be utilized for

30

35

screening of substances and drugs involved with
functional regulation of pluripotent stem cells or
various differentiated cells, and/or substances or drugs
with toxicity or inhibitory action on pluripotent stem
cells or various differentiated cells. Currently, very
few screening methods have been established using human
cells, and differentiated cells derived from pluripotent
stem cells prepared according to the invention are useful
cell sources for conducting such screening methods.

The invention also relates to a method of generating
a chimeric embryos or chimeric animals using pluripotent

stem cells prepared by the method disclosed by the



10

15

20

25

30

35

publicly known net hods enpl oyed for comon cel
experinments. 25 As expl ai ned above, the state of

undi fferentiation of pluripotent stemcells neans
that the pluripotent stem cells are capabl e of

prol onged or virtually indefinite proliferation and
exhi bit normal karyotype (chrgiymsones), while having
the capacity to differentiate into al | three 30 germ
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undi f f ergat tnaﬁmsadolftérﬂ pohentust A 68l hsvistsletect ed

convention oc en.ca nnunochenl ca
nefﬁ%ﬁ?ssignﬁffhzﬂgﬁlOﬁePe %?Ezﬁb LAEERE) Hie murine E-
r estadhEriiHang*brrg U1ﬁ€tﬁéal%mﬁ¥5yéaﬁ FAampmiodivani(éal/Fo)

net hede isdche Asre iannerohbsh ol LH Gal-Fet' @l Nhg I
irnBHHH@cQEoﬂné%a&ﬂd%iQE%ation of the protein were based on
methods reported by the present inventors (Nagaoka et
al., Biotechnol. Lett. 24:1857, 2002 (Non-patent document

6); Protein Eng. 16:243, 2003 (Non-patent document 7)).
First, an extracellular domain (E~cad-ECD)-coding DNA
fragment {corresponding to amino acid residues 1-699)
from E-cadherin cDNA was amplified using as template cDNA
containing the full-length sequence for murine E-cadherin
(allotted by RIKEN; RDB No.1184) as template. A DNA
fragment coding for murine IgG/Fc was isolated from cDNA
' obtained by preparing mRNA from a murine IgGl-expressing
hybridoma and performing reverse transcription with
Reverse Transcriptase. After confirming the nucleotide
sequences of both DNA fragments, they were incorporated
into expression vector pRC-CMV (Invitrogen)} to construct
expression vector pRC-E-cad-Fc¢ containing the E-cad-ECD



preferred. There may be utilized, in such nethods,
mar ker - speci fic pol ycl onal anti bodi es or nonocl onal
20 anti bodies that bind to undifferentiated
pluripotent stem cells. Antibodies that target

i ndi vi dual specific markers are commercially
avai | abl e and may be conveniently used. Specific
markers for undifferentiated _ gluripotent stemcells
i nclude ALP activity and Cct-3/4 25 or Rex-1/Zfp42

gene duct,_expressi on. Various antigenic nolecul es
may acf’)récg 195/ BS et INACER " i ncl ude t he
undi f f er eSHDaki orelier Kebsa SSEALToh OR KM, i feuE&aeMege

SSEAV@LJHOEOB dgilgﬁlbﬁ,FIHédsﬁgﬁpbeéERA 1769, 1inearized
TRA-1- 81 2 and the like. Expression of themis

r edudditf 67 CS@ BT i HWi-fatdd ‘tﬁﬁ’oﬁléﬁfif"é]r“éhﬁ qt MorPof ES
scel | sLipo&ketermeNE™ etapgeex pl essitamgoh) undid fuierenfoatgche

pl urinofert -Siem Gell éﬂﬁﬁ(lk%ﬁjeag‘c&?m%@ft&“@% B¥otocol
nol ecul ar bi ol ogi cal net hods eg‘g’é%%/ offen in the
io

pri orr SGPMERTEAnd iHPPCRETBIFT & N eZhd hrhaqr)géalrsto
of nRMAai85acodiinglboe desiucddgnbinkel-cpdet'ei pitegnch

aS r %@%@tuﬂ@éﬁ%h@t%eﬁ%‘eyaﬁ&m chaknc4 eact .08
c) u%/g L ation nggyiﬂc vvltnhout T8 argnd
to th’-’ee fi’é{ref?% et t38 SHE TRi%E" G
sequertcdsdf at Geénesléodiary viedd imer Kérwplbtelate (IWAKI) .
specigfdtert @um:Lfnfge'fSPt"j’ al@ phugipotient csiwmnaall oo

(for exanpl e, Rex-1./Zf p42 or nog
knowtd” Qﬁdoﬁd?%ér §B‘ék‘flfcigc?“%eqﬁ%%d%’slt%‘ée%%—‘%?aé@“%s were
pri merd lectgd dbem gahl bevighsshyvidetrer nehéd avar kihegE-cad-

15{ : gnmSchg ?pbt&lhrgg%?ﬁtéggil ﬁ“%ﬂeaéﬁ?ﬁgee r?]uggrﬁaﬁ:agﬁ@e wore
oo Er e atoeRes Pl Be et Brefutse mretepn

nmet hedodistl @sedGhylites )i meant i onlatey bedusvesdi dsrathe
met hQQllB@Incffécx[p%h:@ﬁénﬂ ranster @113 deskr&shaxeg8BOUS
gene |nto ur i_pot en cht%ms Ihs There are ng
e Invi rogen an t%ﬁn
partlcu reé"tr icti ns on e e’xo enou
°0tran§@éﬁr@%ﬂtkﬂ¢d using a qplpner flask, and thﬂ CLTturﬂ
supernatant was collected.
The culture supernatant was filtered with a 0.45 pm
membrane filter, and then concentrated using a 100 kDa-
pore size ultrafiltration membrane (YM100; RAmicon) and a
25 stirred cell (Amicon 8200; Amicon}. The concentrated
solution was dialyzed with 20 mM phosphate buffer (pH
7.2} and then purified by an ordinary method using a
Protein A column (Amersham Biosciences) and supplied for

the following experiment.

30
Example 2: Adhesion of ES cells to E-cad-Fc plate
The adhesion of ES cells to a cell culturing plate
coated with the E-cad-Fc protein (hereunder, "E-cad-Fc
plate™) was examined. A PBS-diluted solution cof the E-
35 cad-Fc protein was poured into untreated polystyrene

culturing plates of different sizes and treated for
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for exanple, it may be for a natural protein such as
a 15 growth factor or receptor, an enzyne, a
transcription factor or the like, or an artificial
protein generated by nodification using a genetic
engi neering nmethod. The transferred gene may al so be
functional RNA such as a ribggzyne or si RNA. The
exogenous gene may even be a 20 marker gene for

eval uat |on Qf. gene tra r efficienc ressi on
st a5|'la T lg‘gta g%feg(’:od%wgerftf r@ SoTe
FI ué?%%?e%tOfPrteeeFﬁ}lw k(l@cgabtactwmé waﬁ ues f frrarsat
or the likewcuhs onehpr efemsadsandeiod he exegemoUsn-

gengp&éﬁ§¥% é@%a&&éﬁséfﬂﬂﬁﬁc%§1£'”@EQ t%cﬁtDHflegfétes

[ ence al | ows transcription
epr‘e%%q‘grf’l&F‘ fre §enks) s gglatip bQ&rrdt'eFYB%qhe?ﬂ,lelagen
unded . ciont ralkenf thef PmRieini N5 0 PeOhl); akbomm )N G eirteS
trapsgyiption and expression. In such cases the gene
is also preferably Iinked to a polyA 30 _sig
sequence.PAESpFBbt BT Bigedar bty %%&Fﬁpf?wld&ﬁdby
expFessi dhitobhéxbgenous RFERES, | Bl pladdispdtieay st exh.,
cel bsoct hera .myabe s’@_nt ivgnedo ps LDt 819 3H I \dzrsts%e%ells
SUCh §§é4grg b%lqﬁﬁpon %haous S%¥COEHCVIF d. ), and

(3- ackt’ pr onot er or ¢
%‘h%lleﬁﬁ’eéﬁm?ﬁéa%?%ﬁﬂlﬁéséhov%r@ iy farencee hesegea
nuctlee oligffiedteseqERNoEL 1 alihewi NOTHIRNECT £pLlOMwedle

Ceﬁf)ﬁﬁgﬁﬂi %t:c@répﬁtfltfd (\thgeﬁgthocf%o des%rggéél airp

[tis i ven st age

u pes of
di fFErEme gtli“é the “%Ouse EE‘BFY‘?t |Ps OLBEREY %t hual (Hogan
pr o®otEy- esequefiekd dirmdinkf Breprd disbowasbagersyreci fli0g4)
praﬂniEﬁ&u@bni@0$ted|delQ&Qnﬁ&@ﬂo&éﬂénBNérgiﬁ&ﬁﬁﬁHQﬂrksen

S PIRTRYE sB.seunnees TR ps b Lieetfyon

mol éI:‘UPatFOHPBP o‘@?%{‘h‘m (CERAL GRS Yhly FBBe Brplmy et gon-

consisarciiagenniveciirds sodnpiss) MY rtes-yedtangigiee and 0.1

Semmrcgﬁﬁégfﬁarfcﬁr RS En PFUMLLLES  PBY RE 45 ESM) ,

gFg:kﬂ?d Q%Lng%t Qﬁpg/mgrfﬂFg&BGAgblSQemlcon), while
malntalnlng their undifferentiated states, and they were
supplied for experimentation. The ES cells passaged
under these conditions will hereinafter be referred to as
"ES cells passaged under ordinary conditions".

The ES cells passaged under ordinary conditions were
rinsed twice with serum-free medium and treated with
0.25% trypsin solution containing 1 mM EDTA to obtain
single cells, which were suspended in ESM. Unless
otherwise specified, the same conditions were used
thereinafter for detachment of the ES cells from the
plate, passaging and other experiments. The purified E-
cad-Fc protein was coated onto an untreated 96-well plate
(IWAKI) by the method described above, and the cell

suspension prepared at 3.0 x 10° cells/ml was seeded



10 The nethod for introducing the gene (vector) is

not particularly restricted, and there may be

nmenti oned, for exanple, transfection nethods using

cal ci um phosphate or DEAE-dextran. Transfection

met hods for cell targets of the gene transfer can

al so be applied using |ipid 15 preparations that can

be taken up into the cells and,have |ow

cytotoxicity, such as Lipof ectﬁM NE (I nvitrogen),
Superfect (Qagen) or DOTMA (Roche), to form
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tar getigeng. widh tymat-kyed ){’nedtlbﬁ gene rehiint esestepmayed
be | neqrporat ed 20%'“%%]& 1Vd f%H Vgﬁtéiueswﬁlﬂoé e
retrOV|rus or adenovirus ombi nant Vvirus
used Yo eirApEEPna He fogl ﬂshoqrﬁ Otfhr%afétdsv@, pRECYjWhgrh the
svect tbdosbante-wonsketdatedfast ha imied eifctheidiable cell
seque&%{;1 (of full-length or partially deficient or
mutated viral DNA or RNA, with the gene of 25

interest FHEOFPOHECATs P etBr BE&i Bi-e RantRY.S gsgerally
of plhaviepotenidistsdmncebl Bigrewnotyanret hodf dfrddiests and
' nvergp'l‘yﬂei-hgl R‘!elirllspogﬁrﬁ]tth%tye%ggxlnﬂ1Saltl§a§fabﬁvl§) Q@ﬁ@re

19" own grom ng et hod accorglln to
O nverﬁ;’t"‘it(‘_?na ?/hfsrtféﬁ’feﬁﬁ PhHtSaithal &1 19¢PEht F'}‘/t’éer?&ed e
| ar geccatrednt sttaB 5Bl urngattent foshermn calolrsgaeectht@ilhi mgss in

t hle: renenNgb b &f eMowdted, stated, pryt@fte%g;negbl bﬁl?hekggwaurmg

ce over er. ne of

oLl Ahegey Lt TrRuneds. TG gene,. Lansher et ad, of

pr odudt eoho ofdhsirgr itpotlehtsaseenp e eld shRaviegied vg an
15desi redigeng ddanshernethapdaexpr @ﬁ)%@ldth@edcﬂié%loﬂfh@bility

plur| ot.ent temcells obtained in thi L
iR e T A o L1 e

ceI | slif5eepal @d‘cééCB?dCFC?Tg:epérPWeOT}%vé’ﬁFPoWe Rjscell line

nmet heas BER3reQavenhagefHiiicpat ﬂﬁlﬁbéﬂbﬁﬁH(ﬂi(—:Sﬁ.bﬁl‘@lth
may be nentioned nmeth u i Licly

ooy R P FBLEIERNS Rhi o1l AP Braharers” el osarrbly . &5

cells are also capable of udh ring to an E cad-Fc plate

b
(o=}

under serum-free conditions, and the adhesion to the
plate is clearly independent of adhesion molecules in the
serum such as fibronectin.
Binding via E-cadherin is known to be ca?* dependent

25 {Mareel et al., Int. J. Dev. Biol. 37:227, 1993;
Takeichi, Curr. Opin. Cell Biol. 7: 619, 1295; Marrs &
Nelson, Int. Rev, Cytol. 165:159, 1996). In order to
examine the effect of chelating agent addition on
adhesion of ES cells to the E-cad-Fc plate, ES cells

30 cultured for 4 hours on an E-cad-Fc plate in the same
manner were treated for 30 minutes with ethylenediamine
tetraacetate (EDTA) or ethyleneglycol bis(Z-
aminoethylether)tetraacetate (EGTA) at a 5 mM final
concentration, and after rinsing the cells with PBS, the

35 cell counts were measured with Alamar Blue in the same
manner as above. With treatment using EDTA which has low

metal ion selectivity, adhesion of the ES cells to both



passagi ng of pluripotent stemcells. As a specific
exanpl e, there may be nentioned a nethod wherein the
mediumis renmoved froma culturing vessel in which
pluripotent stemcells have been cultured, PBS is
used 10 for rinsing several tines, preferably 2-3
times, a solution containing an appropriate protease
(for exanple, a solution contgkning a protease such
as trypsin or dispase) is added, culturing is

carried ou 7C.for an e p
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t| rresE, C&ﬁheéf%wcgﬁéallam e sestr alacfé%eatS@rFEm)of the ES
sol utdednsi snadoledhdheria fidnalulesntomniyidtized &f the solid

100- Olg}QQe”QLpﬂ%ﬁi%&aphg £:ciPPe 291 M. and mmore

preferabl or treatne at '37C for an
appropri at'8*ti e cﬁﬂé?e@%ﬂﬂ%@eﬁbbﬁ?eﬁ.qaglﬁ?ﬁht%¥¥t&ﬁang
nor e qungfiet aly wek@- 36cdediuiinesnf brcaetrac pietd @f at he-well
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appro | ate sol uti on S%anq as the af orement | one

cel | CROFRUraTg Creat % - obt Bi 1P iHERD Head Q§eFF§15
15The gamerahky Modmmayglat sodvededredlethient ousfargler cells or

et hylsgneg! Mﬁ@lnar?' st2y aémm%&hgl giher)t gtraacet akels
(EGW@) i nstead o resentéaﬁ ent%on al so

pr ovi'@&8°Qi 1% rERti Ef%% Ofsg Jrﬁl':st 1es even
appr cwpltha@@ mﬁﬂeéteﬁtpcalms@wren@umlrtglrlng eatafencopted with
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ZOinveﬁ, ver,ry% qgfg rgé %%gg ﬁ?lééil%rgeeééd on %he E-cad-
Fc plate, whether EB3 cells or Rl cells, essentially
failed to form distinct colonies even 2 or 3 days after
seeding, and they were instead observed to increase in
number as individually dispersed cells.

25
Example 3: Culturing of ES cells using E-cad-Fc plate

In order to examine the proliferation potency of ES
cells on an E-cad-Fc plate, ES cells passaged under
ordinary conditions were recovered and 500 of the ES

30 cells were seeded on an E-cad-Fc plate or a gelatin plate
(96-well plate) and cultured for 3 to 4 days. After
rinsing the cells with serum-free medium, the cell counts
were measured with Alamar Blue in the same manner as
above. As a result, the number of ES cells cultured on

35 the E-cad-Fc plate with respect to the number of ES cells
cultured on the gelatin plate by day 3 of culturing was
significantly higher for both the EBR3 and R1 cell lines



particularly restricted as long as they are of a cell
type whose differentiation can generally be induced

from pluripotent stemcells. Specifically, there nay

be mentioned ectodermal cells or ectodermderived
~cells, 5 nmesodernmal cells or nesodermderived cells,
endodermal cells or endodermderived cells, and the

i ke. Ectodermderived cells are cell s conposi ng

ti ssues and organs such as neur'dl “tissue, the pi neal

body, the adrenal nedulla, plastids and epi dernal

ti ssuéseputia-heéf) - 100 @ce bt 44l cedntd athdge, tL-cad~Fc
Mesodgratdlejroved Getl Hoahessaldls CoNPOSIdG bbpstesnately 2
and Of GANS UGN A%, URG) & bF SAMGy i SONNGRLY EnliAS iR 16
bone tissu€, cartilage tissue, cardiac tissue,

vascuVFafe tq9§§ﬁf§¥e%l%‘%d?rt Feetes imdépfapaijasi®eand the counts
uri navyrongapsdand tephatdueis wE argadstc pukctheylared s
not 15.4imJjed 9:4 hese 3-%‘%%%@”?9&5{&’ 4l Loare

cells conposing tissues and qrgans such as digestive

t r act P t§ESFe O i FELBRYY I 40 BFatGymigere was no

t hyr odtdf ferparcat bytrwaieth, theaplderes whddésnsearf, the vethearidn
pancreas. itnegygreHL fhReYs A B ngoLs ! id tied L1 4 hese.

20 The pluripotent 'stemcells prepared according t
4 he ?‘ﬁgﬁﬁttilgﬂ it & 8??%&%&3‘*5?‘2&%@’% ‘5?%“;3%? é’gate
f r omisaich higektl sparld fesef ipn frotepharamtolugygival ability.
e\r/]al %}érp&h@{lsalﬁ&tét%etergﬂﬁhié%t 'c@ﬁd@étébﬁhliﬁﬂéw cells, no
physi ically active, K su anc such as, drugs). or..
Povel CRRESBF BT < s dHensn rntronet gl Prkefbies
exanptie thehBycadnFb@late| ¢wddrtdr grayr éedi hige gfrdinary
15subst@nges candugsdigsoupyol ved with functional
r .egl'” atl oRleOL pil_hur IDIRJgt Sn I‘Tc’éselrsn %%l 1|:B¢'e %‘rS cgja_‘{é Q¥ examined
di fferentiated cel I's, Ahd7 of su stances or drugs
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e
est abl 1 shed using human s, and differentiated
20cel | sladpediipedvitrtomrgPulipotentfor sikemisaltes. prreparsd re-
accorglicgat enthed-peent poncar enesef Wl hours, the attached

ES cells were fixed with FixDenat solution (Roche Applied
Science) and rinsed with PBS, after which they were
reacted with anti-BrdU antibody (BMG 6H8; Roche Applied

25 Science) {(100-fold dilution} and dyed using cyanogen 3
(Cy3) -labeled antibody {(Jackson Immuncresearch
Laboratory) (1:1000 dilution). The cell nuclei were
stained with 4',6-diamidino-2-phenylindole (DAPI)
solution (0.1 pg/mL). The antibody and dye stain images

30 were observed using an ArrayScan’ system (Cellomics). As
a result, the E-cad-Fc plate-cultured group exhibited
significantly higher BrdU uptake compared to the ordinary
plate-cultured group (see Fig. 3B).

It is known that ES cells generally undergo

35 spontaneous differentiation after forming large, close

colonies. Thus, when the three different murine ES cell

lines used in this experiment are cultured on an ordinary



cell sources for conducting such screening nethods.

35 The invention also relates to a nmethod of

generating a chimeric enbryos or chimeric aninmals

using pluripotent stemcells prepared by the nethod

di scl osed by the - 43 invention, and to the

generated chineric enbryos and chineric ani mals.

St andard protocol s have al ready been established for

generating chineric enbryos ané®chineric aninals,

and they can be easily generated with reference 5
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f ragnent cor(espon am no_ aci
f r omMEr € affrrsringd cwwﬁbeeanaf i ficed faEPRY ALt Efpfates, 1n
cDNAoraent i riondi thetHeauldifFengith asequetee: fodr thurine

E- Caggfﬂs n %9_.9( Ql:l:?\.trtt%ﬁ wg)é &@’ed%nw a]']fs‘?f.%)naas

te
rrpDJ_agnostlcs Alkaline Phosphatase Kit (Sigma). After

rinsing the cultured ES cells (EB3 cell and Rl cell
lines) with PBS, they were fixed with citrate solution
containing 66% acetone/3% formalin and rinsed with PBS,
after which they were treated for 15 minutes with
naphthol AS-BI phosphate alkaline staining solution
included with the kit for color reaction (see Fig. 4A).

Oct-3/4 protein expression was examined by
immunostaining. Specifically, cultured ES cells were
fixed with 8% formaldehyde (Wako Pure Chemical Industries
Co., Ltd.) and rinsed with PB3, and then reacted with
anti-Oct-3/4 antibody {product of Santa Cruz) {(1:200
dilution}) and dyed with Alexa Fluor-labeled antibody
{Alexa-488; Molecular Probes) (1:1000 dilution). The cell
nuclei were stained with DAPI solution (0.1 pg/mL). The
antibody and dye stain images were observed under a
fluorescent microscope (see Fig. 4B).

As a result, high ALP activity (Fig. 4A) and Oct-3/4

protein expression (Fig. 4B) were confirmed with the ES



fragment coding for murine 1gG@ Fc was isolated from
cDNA obtai ned by preparing nRNA froma nurine

| gd -expressing hybridona and perform ng reverse
transcription with Reverse Transcriptase. After
confirm ng the nucl eotide 35 sequences of both DNA
fragnments, they were incorporated into expression
vector pRC-CW (lnvitrogen) to construct expression
vect or pRC-E-cad-Fc contai ni ng°fhe E-cad-ECD - 44 -
and 1 g@ Fc sequences. CHO K1 cells (obtained from
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experiment. These cells were conditioned in
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super nat anipnaert i §t-es@ETCACAGTE IR T4BTNEGAEMHISENEID NO: 4)
filter, and then concentrated using a 100 kDa- pore
Si zeultraf| Itratl on, rrenbrane 3(YI\/[LO Am con) and a
25 S '.“-- An u-‘n An- d n) The

ZOConcentr@Ifgilmer 5'~AAAGTGAGATTAGCCCCGAG 3' (SEQ ID NO: 5)

3'-primer: 5'-TCCCATCCCCTTCAATAGCA-3' (SEQ ID NO: 6)

Nanog {amplification size: 710 bp]
5'-primer: 5'-GAGGAAGCATCGAATTCTGG-3' (SEQ ID NO: 7)
25 3'-primer: 5'-AAGTTATGGAGCGGAGCAGC-3' (SEQ ID NO: 8)

GAFDH {glyceraldehyde-3-phosphate dehydrogenase)

[amplification size: 858 bp]
5'-primer: 5'-GGAAGCTTGTCATCAACGG-3' (SEQ ID NO: 9)
30 3'-primer: 5'-CTCTTGCTCAGTGTCCTTGC-3' (SEQ ID NO: 10)

PCR was carrted out using a TaKaRa PCR Thermal
Cycler MP (TaKaRa), with TaKaRa Tag (TAKARA) as a
thermostable DNA polymerase. First, the cDNA-containing

35 PCR reaction solution was heated at 94°C and then a

heating cycle of 94°C:30 seconds — 59°C:30 seconds —



solution was dialyzed with 20 nmM phosphate buffer (pH

7.2) and then purified by an ordinary nethod using a

Protein A colum (Amersham Bi osci ences) and supplied

for the follow ng experinment. 30 Exanple 2: Adhesion

of ES cells to E-cad-Fc plate The adhesi on of ES

cells to a cell culturing plate coated with the

E-cad-Fc protein (hereunder, "E-cad-Fc plate") was

exam ned. A PBS-diluted sol uti®h of the E 35 cad- Fc

protein was poured into untreated polystyrene

cul t lIQF@gS@b@E@ﬁd@Wéﬂ frepeendd sizzesmand ﬁcrla@toed fQreinal
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marker gene expression was found in the presence of LIE,
for ES cells cultured on either the gelatin plate or the
E-cad-Fc plate. As seen by the results in Figs. 4A, 4B
and 5, it was confirmed that the E-cad-F¢ plate-cultured
ES cells proliferated without forming colonies and
exhibited a different morphology than by ordinary
culturing, yet while maintaining thelr undifferentiated
state.

It was then examined whether or not the reactivity
of E-cad-Fc plate-cultured ES cells for LIF had been
altered. ES cells passaged on an ordinary gelatin plate
and on an E-cad-Fc plate were cultured for 5 days with a
0-1000 U/mL LIF concentration without passaging, and then
both groups of cells were reseeded on a gelatin plate and
cultured for another 3 days (with a constant LIF
concentration during the culturing period). The ALP
activity of the ES cell colonies formed on the plates was
detected by the same method described above, and the

proportion of colonies maintaining an undifferentiated



with addition of 1000 U nL LIF (ESGRG, Chem con),
while maintaining their undifferentiated states, and
they were supplied for experinentation. The ES cells
passaged 25 under these conditions will hereinafter
be referred to as "ES cells passaged under ordinary
conditions". The ES cells passaged under ordinary
conditions were rinsed twice with serumfree nedium
and treated with 0.25%trypsi2sol ution containing 1
nmv EDTA to obtain 30 single cells, which were
suspestek iwasEoVhs eSS cootbmmwaehsmeifafdteduy heund in
same t.j.0 S [ 0
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20 found. This suggested that culturing with an E-cad-Fc
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plate allows the amount of additional factors necessary
for ES cell grewth, such as LIF, to be reduced compared
to the prior art methods.

It was next examined whether or not an E-cad-Fc
plate can be used for feeder-independent conditioning of
ES cells. ES/EG cells are usually passaged and
maintained by co-culturing with feeder cells, but their
feeder-dependent culturing state can be conditioned to a
feeder-independent state. However, this requires a high
density of ES cells and repeated passaging in medium
containing a high concentration of LIF (normally about 5-
to 10-fold). For example, in crder for ES cells (Rl
line) grown in a feeder-dependent state to be conditioned
to a feeder-independent state, it is necessary to seed at
a cell density of about 5.0 x 10% cells/cm® and add LIF at
1 x 10' U/mL. However, it was possible to condition ES

cells to a feeder-independent state as in the prior art



and EB3 cell line exhibited satisfactory adhesion
with concentrations of 5.0 g/nL and above.
Incidentally, ES 20 cells are al so capabl e of
adhering to an E-cad-Fc plate wunder serumfree
conditions, and the adhesion to the plate is clearly
i ndependent of adhesion nolecules in the serum such
as fibronectin. Binding via E-cadherin is known to be
Ca2+ dependent 25 (Mareel et &f.7 Int. J. Dev. Biol.
37:227, 1993; Takeichi, Curr. Opin. Cell Biol. 7:
619, b¥986¢d Ve IES &ell\ielcsonp Entad-Revplieyé ol 1651159,
1996Bengﬂtfng§@0boce r&h%a@gf§£ﬁgQﬁtﬁhﬁgﬁhuﬂgalnlng
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20 E- cath Fthephateirgy-daoBdembidre was periodically collected
and RNA preparation and cDNA synthesis were accomplished

by the same methods described above. RT-PCR reaction was
conducted with this c¢DNA as template using the following

primers, for amplification of each marker gene fragment.

25
NeuroD3 [amplification size: 405 bpl
5'-primer: 5'-CATCTCTGATCTCGACTGC-3' (SEQ ID NO: 11)
3'-primer: 5'-CCAGATGTAGTTGTAGGCG-3' (SEQ ID NO: 12)
30 Sox-1 [amplification size: 407 bp]

5'-primer; 5'-GCACACAGCGTTTTCTCGG-3' (SEQ ID NO: 13)
3'-primer: 5'-ACATCCGACTCCTCTTCCC-3' (SEQ ID NO: 14)

T/Brachyury [amplification size: 528 bp]
35 5'~primer: 5'-TCCAGGTGCTATATATTGCC~3' (SEQ ID NO: 15)
3'-primer: 5'-TGCTGCCTGTGAGTCACAAC~-3' (SEQ ID NO: 16)




plate (I WAKI) coated wi th another substrate, and
culturing was carried out. It is known that ES cells
15 generally formtight, rounded col oni es on feeder
cells or on an ordinary cell culturing plate. Here,
ES cells forned the sanme kind of distinct, tight
colonies even wth an untreated pol ystyrene

culturing plate coated with gelatin, type |I collagen
or fibronectin (see Fig. 2). 2@4However, it is of

note that ES cells seeded on the E-cad- Fc plate,

whet herk-EB3 aeel i siortikh eetds,z3oesepntially failed to
forn1d|stglwgg ﬁ£4§"H'Q%AE¥§Ebé% Cng%Bg?d%f%er(SEQ ID NO:
seedin ey were 1 nstead observ to increase

in nbffber as individually dispersed cells. 25

Exanpl e 3'-Qulitenri g -oGGES@HEIATSTOSETRRAECEAd- FREQ|Tat &#0:

sn orggr to exam ne the proliferation potency of ES

cells on an E-cad-Fc plate, ES cells passaged under
ordinary conditions were recovered and 500 of the ES

30 cdldmpodebénsbeded fonabhorE-sgad: FElplgtie or a

gel atin @I'abﬁlm&% Mhhc@&ﬁp@hc@a@@wmrredst@rxﬁ No@ 19)

e Rl e SRR o

10Bl ue 4 t he sane nanner as above. As a result, the

15

20

25

30

35

nunber of ES cells cultured on 35 the E-cad-Fc plate
mnth.r%§oect to tqelg ul tured on

the ge

signifi céhtbylrimxghér' EWTMMCGH@IE%’CQHQ RISESe[ID NO: 21)
l'ines - { Sge- -Fisg -pSfcrdirgearidiereel b cosit spofio: 22)
t he E—cad F% pl ate groups with both ES cell I|1nes

wer e apprOX|nater 2 tlnes greater by day 4 of
thyfetn =X : ze 1 ddé
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the nunbers of E-cad- JE&AC?J tgﬁg%&%(%gc%ggg Eéégdﬂﬁ’eﬁé‘

nore than 325 tires grea ose cult
the @ddinary gelatin plate. There was no

The results are shown in Fig. 7. When LIF was
removed from the medium to induce spontaneous
differentiation of the EB from ES cells cultured on an
ordinary gelatin plate, expression of specific marker
genes of three germ layers including ectoderm (NeuroD3,
Sox-1), mesoderm (T/Brachyury, Flk-1, hemoglobin) and
endederm (o-fetoprotein, transthyretin) was observed.
Even with the ES cells cultured on an E-cad-Fc plate,
expression of all three germ layer marker genes was
confirmed at about the same level as the gelatin plate
group.

The ability of the ES cells to differentiate to
neurons and cardiomyocytes was then examined. It has
been reported that co-culturing of ES cells with feeder
cells that are stromal cells seeded beforehand on a
culturing plate can induce their differentiation of ES

cells to neurons and/or cardiomyocytes (Yamane et al.,



di fference between the plates in terns of the

adhesion rate immediately after seeding of the ES
cells, 10 suggesting that ES cells cultured on an
E-cad-Fc plate have higher proliferation potency and
survival ability. Wen the same experinent was
conducted with F9 cells, no difference was found in
the cell proliferation potencies of the E--cad-Fc
plate cultured group and the o?alnary 15 plate

cul tured group. Next, the DNA synthesis of the ES
Ce||gﬂqmﬁgdéngﬁ.n@dolusl&ﬁ}a@gpak@ogﬁ Schroeder et al., Proc.
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20|ﬂorp%bl%ﬁ$1€§dﬁnf%§§§22 Chemlcon) or anti- sarcomere myosin
antibody (MF20; American Type Culture Collection) as the

primary antibody, and then with horseradish peroxidase-
labeled secondary antibody (Histofine Simple Stain PO (R)
or PO(M); Nichirei Biosciences), and finally color

25 reaction was conducted using ACE (3-amino-9-
ethyvlcarbazole) substrate solution (Nichirei
Biosciences), after which observation was performed with
an optical microscope. The results are shown in Fig. 8.

When ES cells cultured on an ordinary gelatin plate

30 were seeded on PA6 cells under these culturing
conditions, colonies formed to a size observable with the
naked eye within a few days of culturing, and at around
day 7 of culturing, a morphological change had occcurred
to differentiated cells exhibiting a distinct neurite

35 structure. The cells were strongly positive for the
neuron marker MAP-2, indicating that the ES cells had

differentiated into neurons. The ES cells seeded on STZ
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they are passaged every 2 or. 3 days. \Wen cultured

on an E-cad-Fc plate, however, it was sufficient to
passage 5 only about once ever 5-7 days if the

initial seeding count was reduced, and no excessive
colony formation or differentiated cells was

observed under these culturing; conditions.

Therefore, in order to confirmwhether the ES cells
cul tured on E-cad-Fc plate maintained th
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4 of the ES cell-transplanted testes, with no noticeable
difference in tumor size between the gelatin plate-
cultured group and the E-~cad-F¢ plate-cultured group.
Also, upon preparing tissue sections by a common method
and observing the histology, the teratomas of both groups
had ectodermal tissue/cell formation including epidermal-
like tissue and neurons which were positive for different
neuron markers (PIII-tubulin, GFAP, neurofilament M, GAP-
43), mesodermal tissue/cell formation including bone,
cartilage and skeletal muscle-like tissue and endodermal
tissue/¢cells including intestinal and bronchoepithelial-
like tissue, and therefore the ES cells cultured on E-
cad-Fc plate were confirmed to have maintained teratoma-

forming ability.
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As a result, high ALP activity (Fig. 4A) and Cct-3/4
protein expression (Fig. 4B) were confirned with the
ES - 50 cells cultured for 14 days on the E-cad-Fc
plate, simlarly to ES cells cultured on a plate
coated with gelatin used as a control group
(hereinafter, "gelatin plate's;. -5 Expression of
Cct-3/4 and Rex-1/Zfp42 genes as undifferentiated ES
cel I arker s. Was. .exam Bed, pext: - £68h1 S Gl hyed, ongs
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S A G T AT GO TEE S, MR R 105
F’CRf\Flﬁg‘ Eﬁ? rﬂ:%d:eél}ts Get mgred WK&R&GPQ’RHT akgl eyél er
MP (tbaKaRaj , sametrh wkaKaRa: diagd EAKARB) @818 cultured on an

themmspapl e, % pol ynmerase. First, the

cDNA- cont al n 35 PCR reaction soI uti on was heated
at 94C aﬁa %ilc mice were then crossed with normal ICR

mice to produce offspring to confirm that the ES cell-
derived coat color was transmitted to the next
generation. From two chimeric male mice generated by
transplantation of ES cells cultured on an E-cad-Fc plate
there were obtained 14 and 17 pups, respectively, of
which 5 and 6, respectively, exhibited ES cell-derived
coat color among individuals exhibiting the coat color of
the C57BL/6 mice whose blastocysts were used as hosts.
Analysis of mouse strain-specific microsatellite markers
confirmed that these individuals had a genotype derived
from the ES cells (Fig. 9). Specifically, genomic DNA
was obtained from each young individual by a conventional
method and the four microsatellite markers D4Mit72,
D4Mit116, D7Mit276 and D10Mit186 were detected to allow
genetic distinction between the 1293V mice derived from
ES cells and the CS7BL/6 mice used for chimeric mice

generation and cross-breeding. As a result, in



heati ng cycle of 94C: 30 seconds -* 59C:. 30 seconds -3
- 51 72C. 60 seconds was repeated 22 tines, followed
by final heating at 72C for 5 m nutes and then
cooling to 4C. The PCR product was el ectrophoresed
on 1.5% agarose gel, dyed with SYBR G een | (TAKARA)
and detected with Typhoon 5 8600 (Amersham

Bi osci ences). The results are shown in Fig. 5. The ES
cells cultured on the ordi naryéggel atin plate showed
hi gh expression of Cct-3/4, Rex-1 and Nanog in the

pr esence afiubh 5, tm@ Skgnifdcant g&e@a&t Ic@sﬂteibutlon by ES
expres ion.in the |tS

bse

IR M T e el RS IFY Ol e v, pRREO DS ehe
E- cads#ee plaatern width aﬁﬂghf @xprﬂe%%ﬁtaiﬂl@@t nBflprs was
Ee)é 1f_rcﬁnm Iélanﬁgt}b&m@wmhmd.egohnthé hanpresense iof

I use to exam. ne . e
oy AR SRR L SRR SXAM G by s
neur otk lsnbasedromlcoas] Feland fentiddit rfé’le papPFegragligh both
as Neawr aB3Boy 6 SGsk, pdl Beachydr yhe Atk del 1hepogl @l n,
gi' f]fgér%r %%Qo ang, ‘dkaﬁéﬁf‘y{m%'g”th%tth%%s c 115 . genes had

entiatl on ene expressi on was
t he presSenéaneriqlae tofBli‘eséslélgFVédlfﬂ}ist -ur ed on elther

10the gelatin plate or the 2C E-cad-Fc plate. As seen

by trﬁ%éﬁ%iglbs EJEHE%Q%loAJ%f %@neapfgﬁgfe r%@é in ES cells
confiTmed that the E-cad-FcC prate- cuttured ES cells

pr ol iFEtSEEE W tHEILFErR3E col oni es and  exhi bited
a di f f er eAt comrghcloogy méiaTDbeioh di-irerfectenl tardoeg,

yet V‘("I‘n'v@t?’@tbé“ﬁ'mﬁ's”@s&@efcrr L&théf&f %rft k8t egrp 23xpression
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LI F radtbeed fa tlededs @S%@Ieﬂstpassl@gédoz—anmd Fc plate.
or di rany1getatid wlat eeccaraieanaa&LE -s@dakg, pirat @ever e

cul t ure%d f&oecri 15r1 da WI a%g 0- Al&og‘ L41/ H!Su%‘%':tﬁ]e adhered
concentration W hou passa t hen

groups 6flie|farandised e%@e&gdmb%u’%?sgé’lléﬂ # ffaderaain

solution, and they were then treated with a 0.2% Triton
X-100/PBS solution and an Image-iT FX signal enhancer
(Invitrogen). After rinsing with PBS and reaction with
anti~-GFP monoclonal antibody (Nacalai Tesque), dyeing was

performed using Alexa Fluor 5H46~labeled anti~-rat IgG

antibody. The cell nuclei were stained with DAPI
solution (0.1 pg/mL). The antibody and dye stain images
were observed using an ArrayScan™ system (Cellomics). As

a result, significantly higher expression of GFP was
found in the E-cad-Fc¢ plate-cultured group than in the
ordinary plate-cultured group, showing that the E-cad-Fc
plate—-cultured ES cells had a higher gene transfer
efficiency and/or expression efficiency than the

ordinary-cultured ES cells (see Fig. 10).

Example 7: Preparation of human E-cad-Fc protein and

examination of usability

In order to construct a vector expressing a fusion



cultured for another 3 days (with a constant LIE
concentration during the culturing period). The ALP
activity of the ES cell colonies forned on the plates
was 35 detected by the same net hod descri bed above,

and the proportion of col onies maintaining an

undi fferentiated - 52 state was neasured. Col onies

with ALP activity found in at |east 80% of the cells
were judged as being "undifferéntiated'. The ES

cells cultured on the gelatin plate had 5 forned

over sprzeeicobontles Hwpat he-@ntheofint det fdaedtiudadaysyionf and

cul t W ddg ngr@ﬁa@%ksrmleregb%swg%éJ&% ﬁew B8 from
cIearI Jung to be dlfferentlate ES
e

cel | s*HT MG eI G P e B Jcacd"rl‘::&r‘ﬁ‘i“%t]el“&r 6‘!4?11&%& ded as a
Wi t hownptaoenfog zopllohiest iamd ofad NPt fedgthet r

i Spe(c?ﬁ@e%b@ﬁ@lncﬁstolgmiﬁb tRe dPL-eYi AUSs qxagﬁLr@Jng for
After eséeg cells, cult

d
or di vy BT AT e TR 100t - LRE doceRer e BiF-ead-
mai m]%qmed Afepconditying biier pual ¢gciglel sefiuendre it was

col onirgsrtbyt idte apr @Q}@fééﬁ@noﬁre@f&} fcfo%ﬁ:@ﬂﬁiﬁgfj &the IgG/Fc
col oni es,_decr eas d it h

|
g, e ES TRAREEntl 1 R r G 65 YRR e PRCeaa-

10p| at dc- beF@F%‘Fﬂ%}lﬁl\%r@“‘émUéltfécﬁ@r?ﬂ &inthe vector hE-cad-
undi fHemwant aca&ce:ciallehaﬁ agd@IridShiyCo i theV et Hadl | ge=adrliboll in
the %B even wth an LIF concentration of 1.00
|nh|b|t|on of proliferation potency w th

I over LI FAEREet AaEi B MdSr26iPoid MUThre Sudggddfedn
t hat ceulit oning iwigt hlare £-cadefcwit athe bEtowd-Rherotein

15an0un(the%u@e#94 t '--%@al;aéa@é 18 £ BECLSRAY exhRlndd c%!e
growth suc IF, to be redu&ed Cﬁ ar ed %&
pri ome4hpd r@f%&?arf‘ﬁgvﬁ? REx 3 exEhiPtadeinéth Fame as
not aksErthed Fom Z3appht € chnvbe Wediforally, a PBS-
feed%mheg@pmdﬁ%ncgmﬁé BRLAGI Ofc péét@%l@as BSLE& into
Cellsn? Satis akJ% ?assa nrlnnaHg.agngijXEated for
co- cUPFaFR Y W S 48 Fs bt
20 coating overnight at 37°C for use as hE cad-Fc plates.
When ES cells (EB3 and Rl lines) were seeded in the
plates, strong adhesion was exhibited as when using
plates coated with murine E-cad-Fc protein. Alsc, the ES
cells seeded in the hE-cad-Fc plates failed to form
25 ‘distinct colonies even 2 or 3 days after seeding, and the
individual cells were observed to be in a dispersed and
actively proliferating state (Fig. 11). The
undifferentiated state and pluripotency of the ES celis
were also maintained, as with culturing using murine E-

30 cad-Fc plates.

Industrial Applicability

By using the growing method of the invention, it is

possible to produce pluripotent stem cells, such as ES

35 cells, efficiently and on a large scale without using
feeder cells. Moreover, since the pluripotent stem cells

can be cultured in a dispersed state, passaging and cell



f eeder - dependent culturing state can be conditioned

to a feeder-independent state. However, this

requires a high 30 density of ES cells and repeated
passagi ng in medium containing a high concentration

of LIF (normally about 5- to 10-fold). For exanpl e,

in order for ES cells (R line) grown in a

f eeder - dependent state to be conditioned to a

f eeder-i ndependent state, it -i §0necessary to seed at

35 a cell density of about 5.0 x 10" cells/cn?2 and

add Lddcodtry lave YReal pleaddoueretd. i tronvas POSSigYseib0e to

PO”d'}ed%@eEﬁle ﬁ?ljlou%gt 8¢ af_acec%q 5 | %g%%ﬁf”%hﬁ aa%% ddded

in the prior see s on
E—ca&ﬁFéiﬁPb@éﬂéﬂuéleélm@hd@h5|F?fﬁﬁ“&@enceWW%F@ﬁQOd oL
and Fﬂﬂ&S&gVﬁ@kﬂMd|alEﬁm&(ﬁﬁﬁl&bﬁhﬂgmréhsteioafLﬁdﬁlred genes
st : |- Bt pY@s rpacJ §9t09@é+r5£%qstlg@éh %%%%l ES11Pr eRar 61 ows

in thIS equat retal ned
und|ﬂP@PeﬁfY%Fé&stéPEB%ﬁﬂ”bFD?¥?&ﬁenE?e @&%ﬁﬁF@eﬂt stem
Examaeail b oprefuccidf fierentd atinngr addr ibey uoil £&d delkl s

cul t tgﬁ%@iue&(ﬁq QﬁdvgglcﬂL@tt% Lt M‘@Sﬁlﬁ%&bﬁgfpyt hat ES

cells assqg f i E cad- Fc
pl at & EFFFTHARE pFat H e rEY! Y“Pff r'séltwL ]P ® ESYel I s
10wer e dddispeaist iort iouk futwed.rign sy heemabsedcerefudefBlt for

for mpﬁerﬁg@éwl@am%aeﬁ;a(t&%h oa%ttlk}@ty p&@@f&&&banopf
spontaneous iffere ase

L
oror SOSTOIE GTeegural i et arEirT A PEn Rer ke T8vel gens
geneproSpeis fafcankyowi fugciépnt o forman EB fromt he
ES cells, ES cells passaged at least 3 tines on an
E-cad-Fc plate were recovered in the formof single
cells, and then a droplet containing 500 cells was
prepared in 15 L of LIF-free ESM for hangi ng-drop
culture. The EB formed 20 in the hangi ng-drop cul ture
was periodically collected and RNA preparation and
cDNA synthesis were acconplished by the sane net hods
descri bed above. RT-PCR reaction was conducted wth
this cDNA as tenplate using the follow ng



primers, for anplification of each marker gene
fragment. 25 NeuroD3 [anplification size: 405 bp]
-prinmer: 5 -CATCTCTGATCTCGACTGC-3'" (SEQ ID NGO 11)
3" -priner: 5'-CCAGATGTAGITGTAGECG 3' (SEQ I D NO 12)
30 Sox-1 [anplification size: 407 bp] 5 -priner:
5' - GCACACACCGITTTCTCGG 3" (SEQ ID NO 13) 3'-primer:
5' - ACATCCGACTCCTCTTCCC-3' (SEQ I D NO 14)
T/ Brachyury [anplification size: 528 bp] 35
"-primer: 5'-TCCAGGUIEITATABATIICCC- 3' (SEQ I D NO 15)
-prinmer: 5 -TGCTGCCTGTGAGICACAAC-3' (SEQ I D NO 16)
- 54 - Flk-I [anplification size: 398 bp] 5 -primer:
<150 TMB@'FGCCSF cogeAtmoectes 3'td(SEQ ID NO - 17)
3' -priner: - TGGCCGGCTCTTTCGCTTACTG 3" (SEQ I D NO

af! M@H"fgo's-"?' AT G 65 1838 D o 19

3 -prinmer: 5 TCAGTGGTACTTGTGGGACAGCB (SEQ I D NO.

2 1phification size: 997 bp]
<1%t9) BéfYaRé')%g?E’q_&@é'& CAAGGTCG 3' (SEQ ID NGO 21)
- primer: - ACTGGTGATGCATAGCCTCC-3' (SEQ I D NGO 22)
<1g@ t panst hyr etin [anplification size: 440 bp]
"-primer: 5 -AGICCTGGATGCTGICCGAG 3' (SEQ I D NO 23)
-prinmer: 5'-TCAGAGGTCGGGCAGCCCAGC- 3" (SEQ I D NO
<120) PRéxedhbn vesulopsd.dre shown in Fig. 7. Wien LIF was
renmoved fromthe nmediumto i nduce spontaneous
differentiation of the EB fromES cells cultured on
CHy 1

211> 882
212> PRT
<213> Human E-cadherin

<220>
<221> DOMAIN

222> (157)..(262)
<223> EC1

220>

<221> DOMAIN

<222> (265)..(375)
223> ECZ

220>

<221> DOMAIN

<222> (378)..(486)
223> EC3

220>
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ordinary gelatin plate, expression of specific marker
25 genes of three germlayers including ectoderm
(NeuroD3, Sox-1), mesoderm (T/Brachyury, Flk-1,
henogl obi n) and endoderm (a-fetoprotein,
transthyretin) was observed. Even with the ES cells
cultured on an E-cad-Fc plate, expression of all
three germ |l ayer nmarker genes was 30 confirned at
about the same level as the gelatin plate group. The
<oabi | phyr1ef the ES cells to differentiate to neurons
d i 0 ytes was then examned. It has been
<2%po??%ﬂ‘t{1@;9g9co-cul turing of ES cells with feeder 35
Zg®l | 8C4hat are stromal cells seeded beforehand on a
culturing plate can induce their differentiation of
ES cells to neurons and/or cardionyocytes (Yamane et
al., - 55 Methods M. Biol. 1.884:261, 2002;
¢oSphroeder et al., Proc. Natl. Acad. Sci. USA
0: 2003). Thus, the ability of ES cells to
<2éﬁff§$@ﬂpi ate to neurons was examned in a
28R f €09t | Et00on system using PA6 cells, and the
08pi gty 5 to differentiate to cardionyocytes was
exanmned in a systemusing ST2 cells. PA6 cells or
ST2 cells (both obtained fromRIKEN Cell Bank) were
seeded on a 6-well cell-culturing plate (CORN NG
«4ffd gqultured to confluency using DMVEM (Invitrogen)
nmedi um contai ning 10% FBS, for 10 use as feeder
cells. Next, a culture nediumof ES cells as single
Me€alllySPMASrPrseparedSerabel She MledderLaelés Laerleu ¢limnsed
1 twice with RBS and seeded at;,2000 cel I's per mell. On
the follow ng day, the culture nedi um was repl aced
W th ESM cont ai ni ng 20% KnockQut Serum Repl acenent 15
(1 nvi trogen) for the neural differentiation system
RAG fe der) n i@l r
Vag T CAT %é% Leh; (Te’l' gGrlélnﬁﬂj ??%Ar?qgr%t%eérgs( %lr%@t/%e%g§ %hg The
cells onZQIay 12 of cultéring were fixed3ith a 70%
et hanol sol ution and

Asp Ala Glu Ser Tyr Thr Phe Thr Val Pro Arg Arg His Leu Glu Arg
35 40 45

Gly Arg Val Leu Gly Arg Val Asn Phe Glu Asp Cys Thr Gly Arg Gln
50 55 o0

Arg Thr Ala Tyr Phe Ser Leu Asp Thr Arg Phe Lys Val Gly Thr Asp
65 70 75 80

Gly Val Ile Thr Val Lys Arg Pro Leu Arg Phe His Asn Pro Gln Ile
85 90 95
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reacted with anti-M crotubul e-Associ ated Protein-2
(MAP 20 2) anti body (AB5622; Chem con) or
anti-sarconere nmyosin antibody (M-20; Anerican Type
Culture Collection) as the primary antibody, and
then with horseradi sh peroxi dase- | abel ed secondary
anti body (H stofine Sinple Stain POR) or PO M;
Ni chirei Biosciences), and finally color 25 reaction
was conducted using ACE (3-am no-9- ethyl carbazol e)
substrate solution (Nichirei Biosciences), after
ch, ob e ti S rf or I €
ok Bong! TSR N B SR RGBTy M SR
cells cullﬂ[ﬂlred on an ordilfAary gel at| n pl é‘t@ 30 were
seeded on PA6 cells under these culturing conditions,
colonies forned to a size observable wth the naked
eye within a few days of culturing, and at around
Lydayal7Tief LewlAsnrihngyalaGhotiphdliediicalrc Randeotad His
occurﬁﬁ to differentjpted cells exh'Fl iting a
di stinct neurite 35 structure. The cells were
strongly positive for the neuron nmarker NAP-2,
indicating that the ES cells had differentiated into

T E eede

Glf‘dﬁ‘?eg c&fif%&‘) &HlJe gfﬂw?‘gi’&lﬂg%u gr%lfgegleré)t’qsnn
frigth day 12 of culldxing, and the 1:4éll col oni es were
strongly positive for the cardi onyocyte marker
sarconmere nyosin, clearly indicating that the ES
cells had 5 differentiated into cardi onyocytes.

Sebi $drePantiiateoiremte Chelyvonise and Tar 2 bhle Brvebronas
148! so confirned jsfen using the g cells cul turegpn
an E-cad-Fc plate, simlar to the control group.
These experinmental results denonstrate that ES cells
cultured on an E-cad-Fc plate 10 retain their

1Py Pt BrEX 11 MY d10OLysT B8y PEE B1HQMBS PFMARG 12R1 Vd1t Y
of the E ce was examnedg next. Aterato IS a
t unor, corrpr1 %l ng fetal and prature ti ssues ]fn%o
three germ |l ayers of

Gln Ile Lys Ser Asn Lys Asp Lys Glu Gly Lys Val Phe Tyr Ser Ile
180 185 190

Thr Gly Gln Gly Ala Asp Thr Pro Pro Val Gly Val Phe Ile Ile Glu
195 200 205

Arg Glu Thr Gly Trp Leu Lys Val Thr Glu Pro Leu Asp Arg Glu Arg
210 215 220

Ile Ala Thr Tyr Thr Leu Phe Ser His Ala Val Ser Ser Asn Gly Asn
225 230 235 240
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endoderm nesoderm and ectoderm which is formed when
ES 15 cells are transplanted into an ani mal such as a
nouse, and teratoma-formng ability is used as an
i ndicator of the pluripotency of ES cells. ES cells
(EB3 I'ine) were seeded on a gelatin plate and an
E-cad- Fc plate and passaged 5 tines every three 20
days. The ES cells were injected into Bal b/c nude
nouse testes (approximtely 200 cells each) by an
ordinary tests, and on day 60, teratoma formation
aag, fQungd B Ay @ they Be geli: tranepl a0h ed, Lest es,
St 1 ceab d| ference in tunor size between
t he gelatlnzﬁiate 25 cul turé80group and the %Pcad- Fc
pl ate-cul tured group. Also, upon preparing tissue
sections by a common nethod and observing the
hi st ol ogy, the teratomas of both groups had
Asedkodesnido 6ls$ue/ldel §lof 6hndkl dheilnol i Sgr dpl detmal -
like tisgiye and neurons vk ch were positiyg for
different 30 neuron markers (([err]-tubulin, GFAP,
neurofilament M GAP- 43), nesodermal tissue/cel
formati on including bone, <cartilage and skel et al

cle-like,tissu epdode I i suelcells

Glﬁi u@iﬂ U REe e???’ ﬁ%‘ al ler gn{:@ep\{ ﬁ? ﬁ:‘ % hsp

ti ssub and thereforéﬁwhe ES cells cu?%hred on E 35

cad-Fc plate were confirmed to have mai nt ai ned

teratoma- formng ability. - 57 Exanple 5

Exam nation of chinera-formng ability of ES cells
Al ukp UrsedisonVe- dad-The Dirate hia wds det eranilmedhnHédeher

ESggel | s passaged sayl tiple times pg an E-cad-Fc

plate retain chinera-formng 5 ability. ES cells (EB3

cell line) taken fromthe sane cell |ot of frozen

stock confirned to have chinera- formng ability were

Leé%@g%qnoﬁpap e'G% 1Ry r%t Espﬁﬂgs Rzgadr P Phatig. ARRd
wer e passage times every §Z§ days. The ES %Slls

re injected ?H?o C57BL/6 nou bl ast ocyst s

Arg Asn Thr Gly Val Ile Ser Val Val Thr Thr Gly Leu Asp Arg Glu
325 330 335

Ser Phe Pro Thr Tyr Thr Leu Val Val Gln Ala Ala Asp Leu Gln Gly
340 345 350

Glu Gly Leu Ser Thr Thr Ala Thr Ala Val Ile Thr Val Thr Asp Thr
355 360 365

Asn Asp Asn Pro Pro Ile Phe Asn-Pro Thr Thr Tyr Lys Gly Gln Val
370 375 380

4/21



10 (approximately 100 cells each) by an ordinary
met hod, and these were transplanted into the
uteruses of pseudopregnant I CR mce (8-10 weeks ol d)
and Dbrought to parturition. C57BL/6 mce are
normal |y bl ack- haired, but sone newborn individuals
wi Il have ES cell 15 derived agouti-colored hair on a
portion of the body (5- 80%; a total of four such
chimeric mce were-obtained fromthe ES cells
cultured on a gelatin plate, and a total of seven
PRLALNGT, (A S ael) S THI T, efk 41 1k CRgl Fe
I meric mce were en ¢rossed w th
38&ornal | CR nlé@OtO produce of f¥8ring to confi rifd% hat
the ES cell- derived coat color was transmtted to
the next generation. Fromtwo chinmeric male mce
generated by transplantation of ES cells cultured on
Alansk- gladPhc Aph dthe 2% thefe Wer éilabYdi fied Thd ldad.el7
pups, respe%bgvely, of whighgS and 6, respegkively,
exhi bited ES cell -derived coat col or anong
i ndi vi dual s exhibiting the coat color of the C57BL/6
m ce. mhose bl ast ocysts were used as hosts Anal ysi s

oS EHS G B TR ol Shrv oLl gl

derived 4$Gon1the ES cel B8 (Fig. 9). Speé5$|cally,
genom ¢ DNA was obtai ned from each young i ndivi dua
by a conventional nmethod and the four mcrosatellite
markers DAMt72, DAMtlII 6, D/IMt276 and DIOM t| 86
Aspverle Het et égs tTor alllaokws36lxgépetliso Itiestlindia divs Hdirween
the 12Q9SV mice derivegyfrom ES cellsyqgnd the C57BL/ 6
m ce used for chinmeric mce generation and
cross-breeding. As aresult, in - 58 individuals
t hought to have no genetic contribution by ES cells

GlP"’lﬁgdn%”L&P%ﬁ? 5 ;f]]a(ﬁ%fh e inBn tihe whobagrapI. the

attern the mcrosatellite markers
\ wd§0 found as Wt 9€57BL/ 6 ni ce. Othe ot her hand,
in

Ser Leu Thr Thr Ser Thr Ala Thr Val Thr Val Asp Val Leu Asp Val
465 470 475 480

Asn Glu Ala Pro Ile Phe Val Pro Pro Glu Lys Arg Val Glu Val Ser
485 490 495

Glu Asp Phe Gly Val Gly Gln Glu Ile Thr Ser Tyr Thr Ala Gln Glu
500 505 510

Pro Asp Thr Phe Met Glu Gln Lys Ile Thr Tyr Arg Ile Trp Arg Asp
515 520 525
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5 i ndividual s thought to have genetic contribution by
ES cells based on coat color (#5-#8 in the

phot ograph), both the C57BL/6 nouse pattern and the
ES cell-specific pattern was found, confirmng that
the ES cells genes had been transmtted to these

i ndi viduals. 10 Exanple 6: Exam nation of gene
transfer rate in ES cells cultured on E-cad-Fc plate
A conventional nethod wi th Lipofectam ne 2000
(Invitrogen) mas used for transfer of the GFP

g SRPSh AL a8 bonit ARt GFBdPor ™ Cbiga® tHea GelHt |

pls0e or E-cad-Fc piate. Single céﬂ@s were recovered
after one day, and were reseeded in a 96-well plate.
After 4 hours, the adhered ES cells were fixed for
10 mnutes with an 8% formalin 20 sol ution, and they
Ar@'e;ﬁ% thenet neptegd wd s rle 2% THid 081 L¥s 100/ §BSThr

olution and an_Jlmage-i T FX sig enhancer
4glnwtrogen) #@ rinsing MAtﬂﬁéBS and reactlt;)%(J

with anti-G-P nonocl onal antibody (Nacal ai Tesque),
dyei ng was perfornmed using Al exa Fluor 546 Iabeled
anti-rat 1gG 25 antjbody. The cell nucl ei

TystBirnetr kit Hipae AkolTht ifeh Aso. AygPrLfTo Tid palﬁt MHody
and dye staiggsi mages were aiygerved using am7s
ArrayScanTM system (Cellomcs). As a result,
significantly higher expression of GFP was found in
the E-cad-Fc plate-cultured group than in the 30

G1QrBi-N@LyY TR akf-1cl LAl ede GeQUR: AROWENGshhab Adedla
E- cad- Fc58@Iate cul tured g? cells had a gher gene
transfer fficiency and’ expression efficiency
than the ordinary-cultured ES cells (see Fig. 10).
35 Exanple 7: Preparation of human E-cad-Fc protein

e e S BN T e gl B .50 L

595 600 605

Pro Gln Val Ile Asn Ile Ile Asp Ala Asp Leu Pro Pro Asn Thr Ser
610 615 620

Pro Phe Thr Ala Glu Leu Thr His Gly Ala Ser Ala Asn Trp Thr Ile
625 630 635 640

Gln Tyr Asn Asp Pro Thr Gln Glu Ser Ile Ile Leu Lys Pro Lys Met
645 650 655

Ala Leu Glu Val Gly Asp Tyr Lys Ile Asn Leu Lys Leu Met Asp Asn
660 665 670
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protein of the human E-cadherin extracellul ar region
and 1gG Fc (hereinafter referred to as hE-cad--Fc),
cDNA from the human squanous cell carcinoma |ine
A431 was used as a tenplate for anplification of a
DNA fragment 5 (corresponding to am no acid residues
1-697) coding for the extracellular domain of human
E- cadherin (hE-cad- ECD). After confirmng the
nucl eoti de sequence, it was inserted into an
expression vector containing the 1g@ Fc sequence
Gln sr}]t{,"{‘%g |An @.’W%P.T UQ consysuck, PRS- gadcld Fc.
Asttuctl on an purification of the vector hE-cad-
Fc wA#5 acconpl i shed &8@ording to the 88t hod descri bed
in Exanple 1. Adhesion and proliferation of mnurine
ES cells on cell. culturing plates coated with the
hE-cad-Fc protein 15 (hereunder, "hE-cad-Fc pl ates")
Gluwgive Abx aih ridd. Valh6y st bddsoflapt bp&re nglthe ke E4d- Fc
Pt es was the sapg;as describedzpp Exanple 2 above.
Specifically, a PBS diluted solution of the
hE- cad- Fc protein was poured into untreated
pol ystyrene culturing plates and treated for 20

coat i overni ght . at 377G, ._for -.cadz £C
1£“H&§igggprﬁﬁgﬁ E@ %gfFiySéégighgﬂéf??HaggfﬂmgghLE%eded
705in the plates7l®trong adhesi ohl%as exhibited 430 when

using plates coated with nmurine E-cad-Fc protein.

Al so, the ES cells seeded in the hE-cad-Fc pl ates

failed to form 25 distinct colonies even 2 or 3 days
Levaf teet.es dédilieg, Lanted heu liendihei Hemliredirkstingetln Val

observed to;dae in a dispersggh and activel y73s

proliferating state (Fig. 11). The wundifferentiated

state and pluripotency of the ES cells were also

mai ntai ned, as with culturing using nmurine E- 30

Valcﬁds_ Efu @’lrgtlﬁa% L(J,tlnﬁi'l@tl’rrb ajluApsﬁ’Jl hé:@bhl' !Atrﬁ By M§i ng1 t he
grow ng nethod of the Iﬁ% ntion, it is .%%SSIb|e to

produce76puripotent ste ells, such as

Tyr Tyr Tyr Asp Glu Glu Gly Gly Gly Glu Glu Asp Gln Asp Phe Asp
755 760 765

Leu Ser Gln Leu His Arg Gly Leu Asp Ala Arg Pro Glu Val Thr Arg
770 775 780

Asn Asp Val Ala Pro Thr Leu Met Ser Val Pro Arg Tyr Leu Pro Arg
785 790 795 800

Pro Ala Asn Pro Asp Glu Ile Gly Asn Phe lle Asp Glu Asn Leu Lys
805 810 215
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35 cells, efficiently and on a | arge scale w thout
usi ng feeder cells. Mireover, since the pluripotent
stemcells can be cultured in a dispersed state,
passagi ng and cell 60 recovery are greatly
facilitated. It is also possible to reduce the
amount of factors such as LIF that are added to
liquid culturing medium In addition, the nethod of
the invention allows efficient transfer of desired
genes 5 into pluripotent stemcells such as ES cells,
maNd 2085, 8) 9ol ek P 8o BT ESSAGN LN, THE
l'uri potent stem cel uced in thi's manner can
be utlllﬁ%@ for productlg% of various tyg8s of
functionally differentiated cells by applying
sui tabl e known 10 differentiation-inducing systens,
and are useful for pharmacol ogi cal eval uation or
PhadtspvTitry Gy &l yater dd vober Gaw iAdushlphYesi bbwogecdleryleu
acti vgssubst ances or % el gene prod s of unknown
functlon SEQUENCE LI STI NG <110> Daiichi Suntory
Pharma Co., Ltd. <120> Method for expansion of
pluripotent stemcells <130> DSTY--R678/ PCT
f.PO5: 02\)- 160> 24 <170> Patent ln versi,on
As'iff6>sef ég“l%ér g@%q‘yézﬁ%&éh‘ﬁsl%?ﬁjsﬁuﬁg iﬁ“ &38n%r r| n
<320> <221> DOVAI N55<222> (157)..(8#2) <223> EC1
<220> <221> DOVAI N

Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr Gly Gly Gly Glu
865 870 875 880

Asp Asp

210> 2

211> 884

212> PRT

<213> Mouse E-cadherin

220>

<221> DOMAIN
<222> (159)..(264)
<223> EC1

<220>

<221> DOMAIN
<222> (267)..(377)
223> EC2
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<222> (265)..(375) <223> EC2 <220> <221> DOVAIN
<222> (378)..(486) <223> EC3 <220> 1/21 <221> DOVAIN
<222> (487)..(595) <223> EC4 <220> <221> DONVAI N
<222> (596)..(700) <223> EC5 <400> 1 Met Gy Pro Trp
Ser Arg Ser Leu Ser Ala Leu Leu Lou Leu Leu Gn 15
10 15 Val Ser Ser Trp Lou C¢ys An Au Pro Au Pro
Cys His Pro Ay Phe 20 25 30 Asp Ala Qu Ser Tyr Thr
Phe Thr Val Pro Arg Arg Hi's Leu Gu Arg 35 40 45 Gy
Arg Val Leu Ay Arg Val Asn Phe GQu Asp Cys Thr Gy
Arg Gn 50 55 60 Arg Thr Ala Tyr Phe Ser Leu Asp
Thr Arg Phe Lys Val Ay Thr Asp 65 70 75 80 dy Val
<230>¢ Thr Vval Lys Arg Pro Leu Arg Phe His Asn Pro dn
¢odhe &9 95 2/21 H's Phe Leu Val Tyr Ala Trp Asp
Ser Thr  Tyr g Lys Phe Ser Thr 100 105 110 Lys Val
<2y L&Q)AS(HS r Val @y Hs Hs Hs Arg Pro Pro Pro

<2M>s ECBLS 120 125

<220>
<221> DOMAIN

<222> (489)..(597)
<223> EC4

220>

<221> DOMAIN

<222> (598)..(702)
223> EC5

<400> 2

Met Gly Ala Arg Cys Arg Ser Phe Ser Ala Leu Leu Leu Leu Leu Gln
1 5 10 15

Val Ser Ser Trp Leu Cys Gln Glu Leu Glu Pro Glu Ser Cys Ser Pro
20 25H 30

Gly Phe Ser Ser Glu Val Tyr Thr Phe Pro Val Pro Glu Arg His Leu
35 40 45

Glu Arg Gly His Val Leu Gly Arg Val Arg Phe Glu Gly Cys Thr Gly
50 55 60

9/21



Gn
Phe
Gn
I'le
Asn
Lys
dy
I'le
Thr
Thr
Asn
ArggHRro
65ASp
Sex
Ser
As

Thr

Asn
Arg
Val
Lea
GldHihr
Thr

Ser Thr

His His
130

Pro Ser
145

Pro Pro

Leu Val

Ser Ile

Ala Ser Val Ser Ay Ile Gn Ala Gu Leu Leu Thr
Pro Asn 130 135 140 Ser Ser Pro Ay Leu Arg Arg
Lys Arg Asp Trp Val Ile Pro Pro 145 150 155 160
Ser Cys Pro GQu Asn Gu Lys Gy Pro Phe Pro Lys
Leu Val 165 170 175 Gn Ile Lys Ser Asn Lys Asp
GQu dy Lys Val Phe Tyr Ser Ile 180 185 190 Thr
Gn Ay Ala Asp Thr Pro Pro Val Ay Val Phe Ile
Gu 195 200 205 Arg Qu Thr Ay Trp Leu Lys Vval
GQu Pro Leu Asp Arg Gu Arg 210 215 220 Ile Ala
Tyr Thr Leu Phe Ser His Al a Val Ser Ser Asn Gly
225 230 235 240 3/21 Ala Val Qu

b Fleu Ale £hEnithevaer Thy Assped Arsadhe Lzas"aisfb‘tazss
Asn Lys Prggd u Phe Thr G mygd u Val Phe Lysgidy
Val Met 260 265 270 du Gy Ala Leu Pro Ay Thr
Val Met Gu Val Thr Ala Thr Asp 275 280 285 Ala
Asp Asp Val Asn Thr Tyr Asn Ala Ala Ile Ala Tyr

I I Pro
(513, I\%’gqﬁé%ﬁh A A R T PR
Thr Aydal Ile Ser Val ¥al Thr Thr Ay Pou Asp
G u 325 330 335 Ser Phe Pro Thr Tyr Thr Leu Val
Gn Ala Ala Asp Leu Gn Gy 340 345 350 Au dy
Ser Thr Thr Ala Thr Ala Val Ile Thr Val Thr Asp
B55P1B60e86%B1 MgnAkspradar Fres Byolis dreHdudsn Pro
Thr Jyg Lys Gy Gn Yab 370 375 380 110

Lys Val Thr Leu Lys Ser Met Gly His His His His Arg His
115 120 125

Arg Asp Pro Ala Ser Glu Ser Asn Pro Glu lLeu Leu Met Phe
135 140

Val Tyr Pro Gly Leu Arg Arg Gln Lys Arg Asp Trp Val Ile
150 155 160

Ile Ser Cys Pro Glu Asn Glu Lys Gly Glu Phe Pro Lys Asn
165 170 175

Gln Ile Lys Ser Asn Arg Asp Lys Glu Thr Lys Val Phe Tyr
180 185 190

Thr Gly Gln Gly Ala Asp Lys Pro Pro Val Gly Val Phe {le
195 200 205
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4/21 Pro Qu Asn Qu Ala Asn Val. Val Ile Thr Thr Leu

Lys Val
Thr Pro

Thr Asp 385 390 395 400 Ala Asp Ala Pro Asn
Ala Trp Qu Ala Val Tyr Thr Ile Leu 405 410

415 Asn Asp Asp Ay Gy G n Phe Val Val Thr Thr Asn

Pro Val
Ala Lys
an Tyr
Phe G u
Thr Val
Asn du
d u Val
Ie@ul Arg
ASﬁUThr
Arg Asp
Il e Aso
Arg Al a

1o S5E
228y Thr
Asp Asn
Il e Phe
G n Val
G1¥ il v Selra
Gy Aa

Gln Asn Asp

Val Ala Glu
275

Thr Asp Ala
290

Thr 1le Val
305

Val Asn Arg

Arg Glu Ser

Asn Asn 420 425 430 Asp Gy Ile Leu Lys Thr
Ay Leu Asp Phe Qu Ala Lys G n 435 440 445
Ile Leu Hs Val Ala Val Thr Asn Val Val Pro
Val 450 455 460 Ser Leu Thr Thr Ser Thr Al a
Thr Val Asp Val Leu Asp Val 465 470 475 480
Ala Pro Ile Phe Val Pro Pro Qu Lys Arg Val

Ser 485 490 495 du Asp Phe Ay Val dy.dn
Thr TBerGlyyFroThev Ava Vel nlhg wln 500 L5o5tsB1brePr o
Phe Met Gu@ n Lys Ile Thpgglyr Arg Ile Trp
515 520 525 5/21 Thr Ala Asn Trp Leu Qu

Pro Asp Thr Ay Ala Ile Ser Thr 530 535 540
GQu Leu Asp Arg Qu Asp Phe Au H's Val Lys

e, ?9252‘?‘1 1788 Wiy RN 28&6%5 5 ©

GIy Thr23Qeu Leu Leu Il e&?3eu Ser Asp ValZ2

Ala 580 585 590 Pro Ile Pro Qu Pro Arg Thr
Phe Cys Gu Arg Aso Pro Lys 595 600 605 Pro
Ile Asn Ile Ile Asp Ala Asp Leu Pro Pro Asn
BAD Bl S\ s620r o mmGPhell?h\falAHee G VeédhThispHi s
Ser ofba Asn Trp Thr skhe 255

Asn Arg Pro Glu Phe Thr Gln Pro Val Phe Glu Gly Phe
260 265 270

Gly Ala Val Pro Gly Thr Ser Val Met Lys Val Ser Ala
280 285

Asp Asp Asp Val Asn Thr Tyr Asn Ala Ala Ile Ala Tyr
295 300

Ser Gln Asp Pro Glu Leu Pro His Lys Asn Met Phe Thr
310 315 320

Asp Thr Gly Val Ile Ser Val Leu Thr Ser Gly Leu Asp
325 330 335

Tyr Pro Thr Tyr Thr Leu Val Val Gln Ala Ala Asp Leu
340 345 350
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625 630 635 640 dn Tyr Asn Asp Pro Thr Gn G u Ser
Ile Ile Leu Lys Pro Lys Met 645 650 655 Ala Leu Qu
Val Ay Asp Tyr Lys Ile Asn Leu Lys Leu Met Asp Asn
660 665 670 6/21 A n Asn Lys Asp G n Val Thr Thr Leu
G u Val Ser Val Cys Asp Cys 675 680 685 Au Ay Ala
Ala dy Val Cys Arg Lys Ala Gn Pro vVal Gu Ala Ay
690 695 700 Leu Gn lle Pro Ala lle Leu Ay Ile Leu
Gy Gy Ile Leu Ala Leu 705 710 715 720 Leu lle Leu
Ile Leu Leu Leu Leu Leu Phe Leu Arg Arg Arg Al a Val
725 730 735 Val Lys GQu Pro Leu Leu Pro Pro Qu Asp
Thr Arg Asp Asn Val 740 745 750 Tyr Tyr Tyr Asp
1@ el @1y lguysq yh@Tor dla lasphly Hahsldepﬁ@ %@po&755
760 7685 Leu Ser A n key Hs Arg Ay gy Asp Ala Arg
Pro u Val Thr Arg 770 775 780 Asn Asp Val Ala Pro
Thr Leu Met Ser Val Pro Arg Tyr Leu Pro Arg 785 790
795 800 Pro Ala Asn Pro Asp u lle Gly Asn Phe Ile

u Sprdo ks Thr
ASASEBS?%] @EH Akﬁ Méyﬁr%%l i}’g %1“ P g{ f@“Aéﬂ’szo
8240830 Phe Asp Ty?’d uGIySerGI GSer Au Ala Ala
Ser Leu Ser Ser Leu 835 840 845 Asn Ser Ser G u Ser
Asp Lys Asp G n Asp Tyr Asp Tyr Leu Asn du 850 855
860 Trp Ay Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr
Gl ¥alPxo Gy AGhuG1ugbhl 8710 A3751r880le Ala Thr Leu Lys Val

335 390 395 400

Thr Asp Asp Asp Ala Pro Asn Thr Pro Ala Trp Lys Ala Val Tyr Thr
405 410 415

Val Val Asn Asp Pro Asp Gln Gln Phe Val Val Val Thr Asp Pro Thr
420 425 430

Thr Asn Asp Gly Ile Leu Lys Thr Ala Lys Gly Leu Asp Phe Glu Ala
435 440 445

Lys Gln Gln Tyr I1le Leu Hlis Val Arg Val Glu Asn Glu Glu Pro Phe
450 455 460

Glu Gly Ser Leu Val Pro Ser Thr Ala Thr Val Thr Val Asp Val Val
465 470 475 480

Asp VYal Asn Glu Ala Pro Ile Phe Met Pro Ala Glu Arg Arg Val Glu
485 490 495
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Asp Asp <210> 2

E- cadherin

<223> EC1 <220>

<211> 884

<223> EC2 8/21 <220>

(380)..(488)
(489) .. (597)
(598) .. (702)

Arg Ser
Val
Ser Cys Ser

r Phe Pro
Val Pro Glu Asp

1s

Th

Arg

Arg

Phe

545

Ser

Ala

Asn

Pro

Thr
625

Glu

Asp

530

Thr

Thr

Thr

Ala

Gln
610

Ser

Pro

515

Thr

Arg

Tyr

Gly

Pro

595

Pro

Pro

500

Asp

Ala

Ala

Yal

Thr

580

Ile

His

Phe

<223>
<223>
<223>
Phe Ser Al a
Ser Ser Trp

Val

Thr

Asn

Glu

Ala

965

Gly

Pro

Ile

EC3
EC4
EC5
Leu
Leu

Pro Gu Arg
Phe Gly Val Gly GIn

Phe

Trp

Met

550

Leu

Thr

Glu

Ile

- Ala

630

Met

Leu
535

Asp

I1le

Leu

Pro

Thr
615

Glu

Asp
520

Glu

Arg

Ile

Leu

Arg

600

Ile

Leu

505

Gln

Ile

Glu

Ala

Leu

585

Asn

Leu

Thr

13/21

<212> PRT <213> Mouse
<220> <221> DOVMAIN <222> (159)..(264)
<221> DOVAI N <222> (267)..(377)
<221> DOVAI N <222>
<220>
<220>
<400> 2 Met Ay Ala Arg Cys
Leu Leu Leu Leu Gn
Cys An du Leu Au Pro Gu
Pro 20 25 30 dvy Phe Ser Ser du Val

Hius I{_ee%hr %5er 4'onr4ﬁ1r Ala

Lys

Asn

Asp

Thr
570

Yal

Met

Asp

His

<221> DOVAI N <222>
<221> DOVAI N <222>

Ile

Pro

Ala

565

Asp

Leu

Gin

Pro

Gly
635

Thr

Glu
540

Glu

Asp

Leu

Phe

Asp
620

Ala

Tyr

525

Thr

His

Gly

Asp

Cys

605

Leu

Ser

510

Arg

Gly

Val

Ser

Val

590

Gln

Pro

Val

1510

Ile

Ala

Lys

Pro

575

Asn

Arg

Pro

Asn

Trpr

Ile

Asn

560

Ile

Asp

Asn

Asn

Trp
640

Tyr



GQu Arg dy H's Val Leu Gy Arg Val Arg Phe Gu Gy
Cys Thr Ay 50 55 60 9/21 Arg Pro Arg Thr Al a Phe
Phe Ser G u Asp Ser Arg Phe Lys Val Ala 65 70 75 80
Thr Asp Ay Thr Ile Thr Val Lys Arg His Leu Lys Leu
Hs Lys Leu 85 90 95 G u Thr Ser Phe Leu Val Arg Al a
Arg Asp Ser Ser His Arg Qu Leu 100 105 110 Ser Thr
Lys Val Thr Lou Lys Ser Met Ay His Hs Hs Hs Arg
Hs 115 120 125 His H's Arg Asp Pro Ala Ser A u Ser
Asn Pro Qu Leu Leu Met Phe 130 135 140 Pro Ser Val
Tyr Pro Ay Leu Arg Arg G n Lys Arg Asp Trp Val Ile
150 155 160 Pro Pro || e s Pro GQu Gu
FhLyéledJyu &o PRy blayda AdH &J@sgﬂr%mﬁée LL’t‘é}uG@zP“G n
Ile Lys Ser gasn Arg Asp Lys &30u Thr Lys Val ®ie Tyr
180 185 190 Ser Ile Thr Ay Gn Ay Ala Asp Lys Pro
Pro Val Gy Val Phe Ile 195 200 205 10/21 lie Qu
Arg Qu Thr Ay Trp Leu Lys Val Thr G n Pro Leu Asp
2 ¥iss T¥E UyseLduenialyr
hrg s, £ f ng%\}ﬁ plﬁws??@ésylre]“’élzgléiso 2351%130 Ay du
AIaVaI @QIAspProl\/bt EIIeVaI Ile Val Thr

Asp 245 250 255 dn Asn Asp Asn Arg Pro A u Phe Thr
Gn Pro Val Phe Au Ay Phe 260 265 270 Val Ala Gu
Gy Ala vVal Pro Gy Thr Ser Val Mt Val Ser Ala

Asp7hsn28bn 285 LyFhispAsin Arh TAsplhaskeuadsy Xiai HgnVathfysTyr
Asn Agas Ala Ile Ala Tygo 685

Asp Cys Glu Gly Thr Val Asn Asn Cys Met Lys Ala Gly Ile Val Ala
690 695 700

Ala Gly Leu Gln Val Pro Ala Ile Leu Gly Ile Leu Gly Gly Ile Leu
705 710 715 720

Ala Leu Leu Ile Leu Ile Leu Leu Leu Leu Leu Phe Leu Arg Arg Arg
725 730 _ 735

Thr Val Val Lys Glu Pro Leu Leu Pro Pro Asp Asp Asp Thr Arg Asp
740 745 750

Asn Val Tyr Tyr Tyr Asp Glu Glu Gly Gly Gly Glu Glu Asp Gln Asp
755 760 765

Phe Asp Leu Ser Gln Leu His Arg Gly Leu Asp Ala Arg Pro Glu Val
770 775 780
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290 295 300 Thr Ile Val Ser Gn Asp Pro Qu Leu Pro
Hs Lys Asn Met Phe Thr 305 310 315 320 Val Asn Arg
Asp Thr Ay Val Ile Ser Val Leu Thr Ser Ay Leu Asp
325 330 335 Arg Qu Ser Tyr Pro Thr Tyr Thr Leu Val
Val Gn Ala Ala Asp Leu 340 345 350 11/21 Gn Gy
GQu Ay Leu Ser Thr Thr Ala Lys Ala Val Ile Thr Val
Lys 355 360 365 Asp Ile Asn Asp Asn Ala Pro Val Phe
Asn Pro Ser Thr Tyr Gn Ay 370 375 380 Gn Val Pro
Gu Asn Qu Val Asn Ala Arg Ile Ala Thr Leu Lys Val
385 390 395 400 Thr Asp Asp Asp Ala Pro Asn Thr Pro
a Trp Lys Ala Val Tyr Thr 405 410 415 Val Val Asn
TW&s{braPr\@n A@p alntl@ Rrrer val Medl Saralalriiro Adlp PrioAmhr
7420 425 430 Thregdsn Asp Gy Il eydgeu Lys Thr Al aghys
Gy Leu Asp Phe Qu Ala 435 440 445 Lys A n Gn Tyr
Ile Lea Hs Val Arg Val GQu Asn Gu G u Pro Phe 450
455 460 Gu dy Ser Lea Val Pro Ser Thr Ala Thr Val

Pr&hxrg\/ 70 ﬁ? 9 Agﬁl Pr%ahsppé%? &43%&%7%& g}Qe I'?‘g’ @aF{a‘guAﬁ%é

490 495 12/%% val Pro du Ad8 Phe GI y VaI &% G n
GQu lle Thr Ser Tyr Thr Ala 500 505 510 Arg Qu Pro
Asp Thr Phe Met Asp Gn Lys Ile Thr Tyr Arg Ile Trp
515 520 525 Arg Asp Thr Ala Asn Trp Lea Qu Ile Asn
LePrloysGhile Tha AGbySeAl &sd Peo 380 B35 4Bro Tyr Asp Ser Leu

820 825 830

Leu Val Phe Asp Tyr Glu Gly Ser Gly Ser Glu Ala Ala Ser Leu Ser
835 840 845

Ser Leu Asn Ser Ser Glu Ser Asp Gln Asp Gln Asp Tyr Asp Tyr Leu
850 855 860

Asn Glu Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr Gly Gly
865 870 875 380

Gly Glu Asp Asp

210> 3

211> 21

{212> DNA

<213> 0ct-3/4,size 528 bp,5 primer

400> 3
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Phe Thr Arg Ala G u Met Asp Arg Gu Asp Ala Qu His
Val Lys Asn 545 550 555 560 Ser Thr Tyr Val Ala Leu
Ile lle Ala Thr Asp Asp Ay Ser Pro Ile 565 570 575
Ala Thr Ay Thr Ay Thr Lou Lea Lea Val Lea Leu Asp
Val Asn Asp 580 585 590 Asn Ala Pro Ile Pro Qu Pro
Arg Asn Met G n Phe Cys G n Arg Asn 595 600 605 Pro
Gn ProHs Ilelle Thr Ile Leu Asp Pro Asp Leu Pro
Pro Asn 610 615 620 Thr Ser Pro Phe Thr Ala Qu Lea
gabbriddns dGeytddlaac Ser Val Asn Trp 625 630 635 640
13/21 Thr Ile Au Tyr Asn Asp Ala Ala G n Qu Ser Leu
Ile Leu Gn Pro 645 650 655 Arg Lys Asp Leu Gu lle
Gy GQu Tyr Lys Ile Hs Leu Lys Leu Ala 660 665 670
¢Asp Asn G n Asn Lys Asp Gn Val Thr Thr Leu Asp Val

2Hls gl Cys 675 680 685 Asp Cys Qu Ay Thr Val Asn
ZALh éJs Met Lys Ala Gy Ile Val Ala 690 695 700 Al a
By DBM Gn Val Pro Alalle Leu Gy Ile Leu Ay Ay

<2|1§9 bgy43/30gzg_%zég’|§z%pﬂegl a Leu Leu Ile Leu Ile Leu

Leu Leu Lelu 'Le Arg Arg 725 730 735 Thr
Val Val Lys GQu Pro Leu Leu Pro Pro Asp Asp Asp Thr
<4bog Asp 740 745 750 Asn Val Tyr Tyr Tyr Asp Qu Qdu

Gy .d GQu Qu Asp Gn Asp 755 760 765 Phe Asp

gcﬁé%it%%?‘/ Cgt‘%tclgéﬁg Bs Arg Ay Leu Asp Ala Arg Pro G u
Val 770 775 780 14/21 Thr Arg Asn Asp Val Ala Pro
Thr Leu Met Ser Val Pro A n Tyr Arg

210> 5

211> 20

<212> DNA

<213> Rexl,size 930 bp,5 primer

400> 5
aaagtgagat tagccccgag

210> 6

211> 20

{212> DNA

<213> Rex1,size 930 bp,3 primer

400> 6

tceccatecccece ticaatagcea

210> 7

211> 20

<212> DNA

<213> Nanog,size 930 bp,5 primer

400> 7

16/21
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785 790 795 800 Pro Arg Pro Ala Asn Pro Asp Au lle
@y Asn Phe Ile Asp A u Asn 805 810 815 Leu Lys Ala
Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp Ser Leu
820 825 830 Leu Val Phe Asp Tyr Qu Gy Ser Ay Ser
Gu Ala Ala Ser Leu Ser 835 840 845 Ser Leu Asn Ser
Ser Qu Ser Asp An Asp G n Asp Tyr Asp Tyr Leu 850
855 860 Asn GQu Trp Ay Asn Arg Phe Lys Lys Leu Ala
Asp Met Tyr Ay Gy 865 870 875 8380 dy du Asp Asp

gai2dfsrald cg@dlictg2l <212> DNA <213> Cct-3/4,size 528 20
bp,5 primer <400> 3 15/21 gaagttggag aaggtggaac c 21
<210> 4 <211> 21 <212> DNA <213> Cct-3/4,size 528
bp, 3" primer <400> 4 gcctcatact cttctcgttg g 21

¢5§310x 5 <211> 20 <212> DNA <213> Rexl, size 930

qu 5'prinmer <400> 5 aaagtgagat tagccccgag 20 <210>

Gleo s 20

212> DNA

<213> Nanog, size 930 bp,3 primer

<400> 8
aagttatgga gcggagcage 20

210> 9

<211> 19

<212> DNA

<{213> GAPDH,size 858 bp,5 primer

400> 9
ggaagcttgt catcaacgg 19

210> 10

211> 20

{212> DNA

<(213> GAPDH, size 858 bp,3 ' primer

400> 10 _
ctcttgetca gtgtecttace 20

210> 11

211> 19

<212> DNA

<213> NeuroD3, size 405 bp,5 primer

400> 11
catctcigat ctcgactge 19
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<212> DNA <213> Rexl,size 930 bp, 3' priner <400> 6
tcccatcccc ttcaatagca 20 <210> 7 <211> 20 <212> DNA
<213> Nanog, si ze 930 bp, 5 prinmer <400> 7 16/21
gaggaagcat cgaattctgg 20 <210> 8 <211> 20 <212> DNA
<213> Nanog, size 930 bp, 3" priner <400> 8 aagttatgga
gcggagcagc 20 <210> 9 <211> 19 <212> DNA <213>
GAPDH, si ze 858 bp, 5 priner <400> 9 ggaagctt gt
catcaacgg 19 <210> 10 <211> 20 <212> DNA <213>
GAPDH, size 858 bp, 3" primer <400> 10 ctcttgctca
gtgtccttge 20 <210> 11 <211> 19 <212> DNA <213>
Neur oD3, size 405 bp, 5" priner

210> 12
<211> 19
<212> DNA

213> NeuroD3, size 405 bp,3 primer

400> 12
ccagatgtag ttgtaggceg

<210> 13
<211> 19
<212> DNA

<213> Sox1, size 407 bp, 5'primer

<400> 13
gecacacagce tttictcgg

210> 14

211> 19

<212> DNA

213> Sox1, size 407 bp, 3 primer

400> 14
acatccgact cctecttece

<210> 15
211> 20
212> DNA

<213> T/Brachyury, size 528 bp, 5 primer

400> 15
tccaggtget atatattgec

18/21
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<400> 11 catctctgat ctcgactgc 19 17/21 <210> 12
<211> 19 <212> DNA <213> NeuroD3, size 405
bp, 3" primer <400> 12 ccagatgtag ttgtaggcg 19 <210>
13 <211> 19 <212> DNA <213> Soxl, size 407 bp,
5'prinmer <400> 13 gcacacagcg ttttctcgg 19 <210> 14
<211> 19 <212> DNA <213> Soxl, size 407 bp, 3'priner
<400> 14 acatccgact cctcttccc 19 <210> 15 <211> 20
<212> DNA <213> T/Brachyury, size 528 bp, 5 prinmer
<400> 15 tccaggtgct atatattgcc 20 18/21 <210> 16
<211> 20 <212> DNA <213> T/ Brachyury, size 528 bp,

<2107
211>
212>
213>

<400>

3' primer <400> 16
16

20
DNA
T/Brachyury, size 528 bp, 3’ primer

16

tgctgectgt gagtcacaac

210>
211>
212>
<213>

<400>

17
22
DNA
Fikl, size 398 bp, 5'primer

17

taggtgccte cccataccet gg

<2105
211>
212>
213>

<400>

18

22

DNA

Flkl, size 398 bp, 3 'primer

18

tggcecggete tttcgettac tg

210>
211>
212>
213>

<400>

19
19
DNA
beta-Hl, size 415 bp, 5’primer

19

aaccctcaat ggectegtge

19/21
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22

22
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tgctgcctgt gagtcacaac 20 <210> 17 <211> 22 <212>
DNA <213> Fl kl, size 398 bp, 5 prinmer <400> 17
taggtgcctc cccataccct gg 22 <210> 18 <211> 22 <212>
DNA <213> Fl kl, size 398 bp, 3" primer <400> 18
tggccggetc tttcgettac tg 22 <210> 19 <211> 19 <212>
DNA <213> beta-Hl, size 415 bp, 5 prinmer <400> 19
aaccctcaat ggcctgtgg 19 19/21 <210> 20 <211> 22
<212> DNA <213> beta-Hl, size 415 bp, 3" prinmer <400>
20 tcagtggtac ttgtgggaca gc 22 <210> 21 <211> 20
<212> DNA <213> al pha-fetoprotein, size 997
bp, 5 primer <400> 21 tgctcagtac gacaaggtcg 20 <210>

<22%>
211>
212>
<213>

<4005

20

22

DNA

beta-H1, size 415 bp,3 primer

20

tcagtggtac ttgtggegaca gc 22

<210>
<211>
<2125
213>

<400>

21

20

DNA

alpha-fetoprotein, size 997 bp,5 primer

21

tgetcagtac gacaaggtcg 20

<210>
211>
<212>
213>

<400>

22

20

DNA

alpha-fetoprotein, size 997 bp, 3’ primer

22

actggtgatg catagcctcee 20

210>
211>
212>
213>

<400>

23
20
DNA
transthyretin, size 440 bp, 5 primer

23

agtcciggat getgtcegag 20
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<211> 20 <212> DNA <213> al pha-fetoprotein, size 997
bp, 3" prinmer <400> 22 actggtgatg catagcctcc 20
<210> 23 <211> 20 <212> DNA <213> transthyretin,
size 440 bp, 5 primer <400> 23 agtcctggat gctgtccgag
20 20/21 <210> 24 <211> 21 <212> DNA <213>
transthyretin, size 440 bp, 3'prinmer <400> 24
t cagaggt cg ggcagcccag ¢ 21 21/21 - 61 - CLAIMS 1. A
growi ng nethod for pluripotent stemcells,
characterized by growing said pluripotent, stemcells
in a dispersed state while maintaining their
undi fferentiated 5 state and pluripotency, using a
<2U0Pgudd medi um and a cul turing vessel. having
¢o7i8MoRi | i zed or coated on a substrate solid phase
surface a nolecule which is adhesive to said
<Z1gPurMot ent stemcell's, without using feeder cells.
<2180 ZrafsgBner i, agisfes40mep hadpfioer pl uri potent stem
cells, characterized by using a liquid nmedium and a
culturing vessel having imobilized or coated on a
<408ubstdr at e sol i d- phase surface a nol ecule which is

tcagaggtcg ggcageccag ¢

21/21

21



adhesive to said pluripotent stemcells, wthout
using 15 feeder cells. 3. The nethod of claim1 or

2, wherein the nolecule which is adhesive to said
pluripotent stemcells is either a nolecule that is
expressed by said pluripotent stemcells or a

nmol ecul e that is structurally 20 honol ogous wth said
nol ecul e and has honophilic blndlng ability with
said pluripotent stemcells. 4%.The nethod of claim
3, wherein the nolecule which is adhesive to said
pluripotent stemcells is a camiggul e belonging to

t he Cadheﬁ'” fﬁ”ﬂﬂd%1n§5mé%hégq%o?Eitﬁ¥iﬁgEeﬁLaéEBm'cells,

wherein said no el on o the cadherin
e gt IR e oy M R i e BR P Bella in

st r uctigpak spdntfladgy whii td redindainbh@duledr whilthferentiated
5CONPrdeSes gm ;ﬁ@ugeeraﬁéy anglgaea orlcfaaeeme@mu% 2

fa:_']gmé.%g? gln n sfueédpav I‘lq, J_mmobLP Z\.Iﬁ_]({]gﬁ ﬁg{gtecr%n a

honoﬁWPﬁFéat%nﬁﬂﬁlﬁgpb@ﬁ¢|%H}fﬂpﬁh3@%ﬂ@cpﬂarw®bﬂenﬁ

st emagigkk$ve 6o Baganpl i Bknel atdh e 1WBer @i thaa dsing

E—ca@@gggg %%Lderlved froma mammal. 7. The net hod

of claim erein said E-cadherin 35 is derived
10from a hufan dr 9RBEsE S feThaehighd@roPlapiPUima toftem

cl ai mellst ochihranhereidr Hyhesind eculieuwhi 6ddisn and a

adhe%h‘i@ui’ﬂlgs‘%]egsgh uﬂ%ﬁbtgenl:nm§}gfmzed6gr dAﬂeStl IO§1 a

fused wth an inmuno ulin Fc region an
|nnoBPPFE%ﬁxbﬁ°§é96p§ﬂﬁ%§P5F@C%61“@1ﬁﬁ3%%‘§UFFaéé vi a
sai d aBbes &g 0. s9id Tihewumipbhedt ofteanyedhe, ofittloaimssing
15t 0 8r-MheFeiN S said plurlpotent stemcells are
nannallan enbryoni c_stem_ c (ES s) or

el |
enbr yoni ¢ ger M €el'f s @fcgﬁ‘f‘gﬂ 16, %PI ‘ﬂﬁ%ﬁ?d‘l“eﬁflestem
cel | gopeodicediby) thediethod tofsadnypowel mftepitashem lcells

t0 945 either a molecule that is expressed by said
pluripotent stem cells or a molecule that is structurally

20 homologous with said melecule and has homophilic binding
ability with said pluripotent stem cells.

4. The method of claim 3, wherein the molecule
which is adhesive to said pluripotent stem cells is a
molecule belonging to the cadherin family.

25 5. The method of claim 4, wherein said molecule
belonging to the cadherin family is E-cadherin, or a
molecule which has structural homology with said
molecule, which comprises the ECl domain and one or more
domains from among the EC2 domain, EC3 domain, EC4 dcmain

30 and EC5 domain of E-cadherin, and which has homophilic
binding ability with said pluripotent stem cells.

6. The method of claim 5, wherein said E-cadherin

is derived from a mammal.

7. The method of claim 6, wherein said E-cadherin
35 is derived from a human or mouse.
8. The method of any one of claims 1 to 7, wherein

the molecule which is adhesive to said pluripotent stem
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cells is fused with an immuncglobulin Fc region and is
immobilized on said substrate solid phase surface via
said Fc region.

9. The methed of any one of claims 1 to 8, wherein
said pluripotent stem cells are mammalian embryonic stem
cells (ES cells) or embryonic germ cells {EG cells).

10. Pluripotent stem cells produced by the method

of any one of claims 1 to 9.



