- 1 - DESCRI PTI ON PLURI POTENT STEM CELL GROW NG METHOD 5Techni cal Field
The present invention relates to a growing nethod and to a gene transfer
"method for pluripotent stemcells such as ES cells, and to pluripotent stem
cells prepared by the nethods. 10 Background Art In order to
continue to live, organisns have the ability to rapidly replace and repair
| ost or damaged cells and tissue, and this ability is known as
15"regenerative capacity". Exanples of "regenerative capacity" in higher
animal s include the commonly known phenonmena of wound heal ing of skin and
bl ood vessels, but even parenchymal organs such as the liver and ki dneys
are known to undergo cell growth and tiP&8te F&¥bnstructi on 20for rapid
restoration of tissue honeostasis in response to tissue damge. Recent
years have seen attenpts to L1 hi, .| te_Lrege tive capacity" of
bi ol ogi cal organisns to achip%ki}!)d:[%NTT S, ki Saog Ui ri ous di seases
and wounds, and such new nedi cal techni ques are 25com ng to be known as

"regenerati vé nmediTechel¢al rieldStemcells play a central role in practicing
"regenerative nedicine;

temcells" can be generally defined as
undi f f erenti at ed ce||sTﬂ%J§ﬁ§eFﬁé”aﬁPF%?bf? m%%ff%r%ﬁ%PﬁV@'Pﬁpﬁx%pecialized
cell's or pol yf uncPenkp Bowsle| srangfenendthad fravphgr tnvseabistibhycdld s

self-replicate, alshow ag Eepeated Hanes ahoibdentedeh Loent pealartq

t hensel ves. Unlqu%ys£F€1&g¥A&%sare found in each tissue and cell type, and
for exanple, blood cells such as erythrocytes, |ynphocytes and
negakaryocyf%% are produced 35via progenitor cells derived fromstemcells
known as "henmat op@eekiycowi®emzeel | s", while skeletal nuscle cells are

produced fro”‘Ste”‘Ce|£§/@ﬁﬁﬁuE§Q&nﬁ?L$§t%npﬂﬂna%rg&ﬁ%mé}wve the
ability to rapidly replace and repair lost or damaged
cells and tissue, and this ability is known as
15 “regenerative capacity". Examples of "regenerative

capacity” in higher animals include the commonly known
phenomena of wound healing of skin and blood vessels, but
even parenchymal organs such as the liver and kidneys are
known to undergoe 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 biological

organisms to achieve cures or amelioration of various

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
cells, as well as having the ability to self-replicate,
allowing repeated generation of cells identical to

30

themselves. Unigue 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
"hematopoigtic stem cells", while skeletal muscle cells

are produced from stem cells/precursor cells known as



"satellite cells" and "myobl asts". Additional types that have been
identified to date include neural stemcells that are found in neural

ti ssue such as the brain and spinal cord and produce neurons and gli al
cells, 5epidermal stemcells that produce epidermal cells and hair follicle
cells, oval cells (hepatic stemcells) that produce hepatocytes and bile
duct cells, and cardiac stemcells that prpduce cardi omyocytes. Sone
regenerative nedicine treatnments using stem10cells or precursor cells
derived fromsuch cells have al ready been inplenented, and infusion graft
met hods with hemat opoi etic stemcells or hematopoietic precursor cells are
wel | known for tWéégﬁ%%ﬁﬁbFeéb%bﬁﬂ@oﬁ@Y@d@§éﬂ'byAédi%@Waéﬂaﬁ@ﬁctmmmal

deficiency of bl Oﬁdecﬁéérs,ldsm:hf:aa%l 15l aéeld@lih@lxﬁi@dn@@&a&%t&n angfgka. However,
stemcells prese n renc ns, such_as the br heart or |iver
are technically gﬁﬁfkl c€$£ 9 gio’fﬁﬁ 1Yi %F‘%sﬂ“& 5?13d76‘|n to culture
in Vitro, "and suckisgenrad ﬁsdmwugenmmmy Ehm/glia)l/vcpﬁd)dsj feration

potency. Stem 20@?ha§rr@@ns@le§oc@lqsr %ﬁgyeﬁl%quéé %gaaéﬁ%lieéeﬁso gor pses, but
t he nmedi cal use I'S assocl ated with ethical

A éoﬂggta' d in thi's_nanne S
probl ems. Consequént| EGEnET T v EVRE IR NtEPPBEC EPopRt YRy, tRak di opat hy
and the |ike wil [Prpéycs repehecdesekkognente dict eehhégued tordi2hgenas ati ng

desired cell typesi1usi t¥hiCkbsudd RELa Q@_Q, temcells present in such target
tissues. First, _net hEds of util |S’Z| nc§ g%nu potent stemcells"” my be

mentioned as strat egi &% 30558%“%’??“tll’fresm%‘ﬁ)‘pﬁlBﬁc"rFea'tW‘EFrﬁ pEiehtsteem cel | "
are defined%s ceklsscapakeunio3@plosohgadedrtrvinr tusl leylindefinite

proliferation i na\lkéﬁ@y \Méleheltﬁﬁeadeﬂ't@g thei nHpdLhf erent haled.s %9&%0

exhi bi ting nor rral oty (ch rom)ﬁgﬁ %2 and havi ng the capaci
h

differentiate ints a ocléa‘l ﬁctfl'beé% < thﬁV‘%té’PQéFFr’rcf é?@F%”(%cFSﬁ
mesoder m and endddér v§1ludigerntfrer 3I5apprepr bt @nddhiibtd enssedCuanr ent | y t he

nost commonl y an%kp&ﬂrﬂuﬂet%ﬁalSTd%lﬂéﬁéﬁcé/ 8k %1%6@&’«-9_&' C §‘g(§,{nagel I's (Es
cells) isolated frﬁmfrgla o the anal o - enbryonic

germ cel | s (EG cél 'S0 ?E?‘gﬂa pr THEY8F al rFr?che‘i |'s, both of
whi ch are the suBF8EeRrt g @ﬁ@%ﬁlﬂg’més@mm such as the brain, heart ox

liver are technically difficult to obtain from living
tissues and/or to culture in vitro, and such stem cells
also generally have low proliferation potency. Stem

20 cells can also be recovered from tissues from corpses,
but the medical use of cells obtained in this manner is
associated with ethical problems., Consequently,
regenerative treatments for neuropathy, cardiopathy and
the like will require the development of techniques for

25 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

30 -prolonged ox 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, mescderm and endoderm) under the

35 appropriate conditions. Currently the most commonly
known pluripotent stem cells are embryonic stem cells (ES
cells) isolated from the early embryo, and the analogous



ES cells can be isolated as an undifferentiated stem 5cell popul ati on by
transferring the inner cell mass of a bl astocyst-stage enbryo to in vitro
culture and repeating the process of detaching and passaging the cell mass.
The cells have suitable cell density on feeder cells prepared fromprimry
cultured murine enbryonic 10fi brobl asts (hereinafter, MEF cells) derived
fromnmurine fetal tissue or stromal cells such as STO cells, and repeated
passagi ng, with frequent replacenment of the culture mediumcan lead to
establishment of a cell line retaining the property of undifferentiated
stemcells. 15Anot her feature of ES cells is the presence of the enzyne
tel omerase, whi cHS¥NPBEE ISP S811%1 BF 691lsdi he@hatiesgf eair dAbBbmal tel omere
| engt h, -and thi s rerimpudiebnfesms cebl £EShoeh |F Whecicapacthy shojedtsr bpal |y
unlimted cell digfgei;Q8 sy AK0. 20ES cell lines produced in this manner
are "pluripotent” "as_they can be repeatedly grown and . passaged al nost

i ndéfTnitély while mafft a%/lrﬁ%gaﬂok?wsow%ﬁyp@} HWed £ eraptapedcapeinl e of

di fferentiatdi ng igstid papibamsicdi bf enenmisfenlingt yipesinnkdr caxanps € oswhen ES

cells 25are tr an%g'a%!%égs{%&_g@”em%atzﬁgﬂzd%(/i%P@Cc‘ﬂztl%[}?é)%%:d?/g%paatté?%t omas” .

intraabdom nal ly qr intfatesticularl .ormtunors- ca
but the tunors comfr PE8°&SHi%k GrERUTNgi f1ePaRFadidld shampldi Bxifes i ncl udi ng
neurons, osteocyt®e, cehbadrocybestalilnt estl mahstel los, feama eerigl | s 30and the

ike. In mice, |niiauteni A LRISPLARLELLAN hOLG@ RRgydopregnant mouse of
an aggr egat.e enbrfé%ﬁg gerate bél fusion graff of S cell's into a
bl ast ocyst -'st age 5 215 dgGr By ER WHFh cahl ¥ ¢ierived |1£ram e inerbr yo,
results in generdidted dbissue o merdimalnoess’ suehiah ste @135 &fd spring
possessing di fferl@&la@ggdpggalggngq,yilt\ﬁegrgdugmtI;%pllg\s_ ﬁg},ﬂ $ ¢t proughout the
entire body or in parts of its organs and ti1ssues. Thi s techni que is often
used as - 4 - a faih ﬁe‘f‘%%’dm]f 6F glﬁ?éir 521 5tg 2P khmestt o hiccéeLhaviRg certain
genes which are aatiefrépalthe dicsperstvedt omndiddeféred.atkt stematsdswel | known
that ES cellss areriotddgetedt@ire of ES cells is the presence of the enzyme
telomerase, which exhibits an activity of maintaining
chromosomal telomere length, and this enzyme confars to
BES cells the capacity for virtually unlimited cell
division in vitro.
20 ES cell lines produced in this manner are
"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
23 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
oy infusion graft of ES cells into a blastocyst-stage
embryo or aggregation with an eight-cell stage embryo,
results in generation of a "chimeric mouse®, which is an
35 offspring possessing differentiated cells derived from
the ES cells throughout the entire body or in parts of

1ts organs and tissues. This technique is often used as



Sdifferentiate into diverse types of cells by in vitro culturing as well.
Wil e the specific nethod differs depending on the type of cell, it is
common to enploy a nethod of inducing differentiation by form ng an
"enbryoi d body" (hereinafter, "ER') which is a cell mass 10in an
enbryo-li ke state produced by aggregating ES cells by suspension cul ture.
Such a nethod can produce cells having fetal stage endoderm ectoderm and
mesoderm characteristics, as well as différentiated cells such as bl ood
cells, vascul ar endothelial cells, chondrocytes, 15skeletal nuscle cells,
snoot h nuscl e cells, cardionyocytes, glial cells, neurons, epithelial

cell s, el anocy! s Kehalion0eyt Cfen AURREYLASIANG hllG ksl Ter ent i at ed
Inthis fasuhl on

cell s produced béo/lln,vitro cul turing this , ave essentially the
sane structural HHE22BFIHES SRAFD fadt Gresigdathl P4 PiRISEneTi n or gans and
ti ssues, and tramsjifaed. experi nents using experinental animals have

- denponstrated that ESygce{d - 4gL) Mg?l E(Ejolwﬁ ﬁ.ﬁgh% Ctecilg'raglaengﬁagfl c;'it%éues and
function normal ly. [For reviews of ES cell properties and culef’ uring
25nmet hods, and t%eﬁfre"?’ht?\?it\?olaﬁ‘a i eFiser oPaPf Plerceht s atY i #bt19 ties, refer

to the foll ow ngedlitheing wse weGlii dewitic e- TecBpecifEs haciMauge rBevel opnent

(Wassernman et al e e . Enpryoni

Differentiation ?ar?eé??%mnwéﬁéﬁ?%%%%gwg%ﬁ’ EEZ%%P%%%?S%%%OY ja.993) ;
Mani pul ati ng them%’ﬁgeOfErf‘gﬁds‘r‘S?“%\ TeHsranbay iRhiyatorHogaaret al ., Col d
Spring Har bor Labotayoid Hekeys (hdQ0dk ftMon-pat enthideciimente1) makgbr yoni c

Stem Cel | sy Turksenn gfheyHdAR asfa{tges?m%%gé)b}( %@FF@%&‘ document 2). 35EG

cells can be produced by stinmulatin et erm wn~-as pfi nordi al
germcel I's on fRdEPREIIIONS GRATEE VEBUER Y BepiodsTan gaadycpneqlie sane
manner as ES celk&ving f&al stage endoderm, ectoderm and mesoderm

characteristics, as well as differentiated cells such asg
blood cells, vascular endothelial cells, chondrocytes,

15 skeletal muscle cells, swuocth muscle cells,
cardiomyocytes, glial cells, neurons, epithelial cells,
melanocytes, keratinocytes, adipocytes and the like.
Differentiated cells produced by in vitro culturing in
this fashion have essentially the same structural and

20 functional features as cells present in organs and
tissues, and transplant experiments using experimental
animals have demonstrated that ES cell-derived cells
anchor to organs and tissues and function normally.

For reviews of ES cell properties and culturing

25 methods, and their in vivo and in vitre differentiating
‘abilities, refer to the following literature: Guide to
‘Technigues in Mouse Development (Wasserman et al.,
Academic Press, 1993}); Embryonic Stem Cell
Pifferentiation in vitro (M.V, Wiles, Meth, Enzymol.

30 225:900, 1993); Manipulating the Mouse Embryo: A
Laboratory Manual (Hogan et al., Cold Spring Harhor
Laboratory Press, 1994) (Non-patent document 1); Embryonic
Stem Cells (Turksen, ed., Humana Press, 2002} (Non-patent
document 2},

35 EG cells can be produced by stimulating fetal germ
cells known as primordial germ cells on feeder cells such

as MEF cells oxr 8TO cells in the same manner as BES cells,



usi ng Leukem a Inhibitory Factor (hereinafter, LIF) and basic Fibrobl ast

G oWh Fatter. (hereinafter, bFG-/ FG-2), or chem cal agents such as
forskolin (Matsui et al., cell 70:841, 1992; Koshim zu et al., Devel opnent
1221235, 51996). It has been confirned that EG cells have properties very
simlar to ES cells and have pluripotency (Thonmson & Cdorico, Trends

Bi ot echnol . 18:53, 2000). Throughout the present specification, therefore,
the term"ES cells" may include "EG cell s" 5 10After Thonson et al. first
est abli shed ES cells from a primate (rhesus nonkey) in 1995, the concept of
regenerative nedicine %pgl uri pot ent stemcells be%an to approach the
real m of possi bi | FEY"Y kepiz el iRbtony gagtomggheppigeltpeat ILIFAcat Sci. USA
92: 7844, 1995), 15&&i@rﬁ‘llﬁhbl$fﬂsSa‘bﬁhlerh‘&ctmﬁd(i&lrﬁlﬂlﬁfteﬁﬁth@p—Z),

successful Iy isol gtec;ang st h 2 human arI mbryos
(Sci ence 282:114, 1[99?3 Rese%?é'#% SE& cae‘,_,xl IEIO éu]goﬁr al atéstﬁ r?g at er

submitted simlar r &9 @ﬁedfﬁ%?‘f‘z‘éte‘iaﬁl r@&wel@n@péch ]183399 2000;
201 nt er nat i ohal Paﬁ@ﬁ)t Pull heatheen donf\MAGE/ 22983, caand wavs ently 20

different human E J.n i red t he S. Nati onal
Institutes of Health ]!I\tﬂ:Les ﬁ? %asﬁ‘s %ﬁ:}e g‘?ﬁlﬁs amﬁ@&?s@f?ﬁ?ﬁmy Al so,
Gear hart and thei f* )&?ﬁﬁoé’a u@‘%‘”ﬁé\?e §W&§@eaé@tﬁqliln25eslt8aél31 SH0AYy. a hunman EG
cell line from huﬁhmtp;hommrdhalpz@eém cldes £ {avh| ofrerakod,. thBr@&, Natl .

Acad, Sci. USA 95:d3728, 51998, lﬂc§udgadﬁ%n5 Noy. 6,090, 622) . 'Wen t hese
pluripotent_stemcells are used cée'research materials or

regenerati v& nedi ci ne “FO5FobRAINN PE 3k disehiasaprblisardt B qsad s afiang
met hods used mai ngaprinadte undédifsemenkd gt ed BIEH, etandontght pirol i feration

pot ency of the Cel:tlz@ené\ﬂz:a'%ﬁ@lrﬁ&ﬂﬁrln@'\mm r?ﬁﬂ%ﬁtéé@%@erﬁs eﬁﬁg Eeelalns) are

usual |y used as fgeder ceI S, for g
undi fferentiated 35stHtE 8 d- M gg2pP ot h P@F%’t?ﬁﬁ%of‘bﬁcy%ﬁemhﬁoceI |'s.
Addi tion of fetal 2b¥3780%sePran.(Netki rafatierSciPBSAtR:7hed culsvgyre medi umi s

al so i nportamt, angkedd, |t$1eCféJ£éa?£|chEQS &e’&%ﬁ&ﬂla@r‘mg@@dgr duct whi ch is

suited for the cu ‘&y{[é %u‘ﬂ t he E/ Sth]["é?t all t he addition of

PBS at about 10-21A-ASE Y IPHE b%‘b %B% . a %%?c‘St SECR hat

mai ntai ns the undP¥hast é*ﬁtril&t%‘ﬁ:’rs@ét ESoifenEs/ 3 déhlw%derlms@attlom nouse

enbryo (Smith & Hoopears ibBexusBixQlia and Singapore later submitted similar
reports (Reubincff et al., Nat. Biotech. 18:399, 2000;

20 International Patent Publication No. WO00/27995), and
currently 20 different human BES 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
germ cells (Shamblott et al., Proc. Natl, Acad. Sci. USA
93113726, 1998; U.S. Patent No. 6,090,622},

When these pluripotent stem cells are used to
produce research materials or regenerative medicine

30 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 usuvally used as feeder
cells for ES/EG cells to maintain the undifferentiated

35 state and‘high proliferation potency of the cells.

Addition of fetal bovine serum {hereinafter, FBS) to the
culture medium is also important, and it is crucial to



121:1, 1987; Smith et al., Nature 336:688, 1988; Rathjen et al., Genes Dev.
4:2308, 1990), and addition of LIE to culture can nore effectively maintain
the undifferentiated state (see the following literature: 10Mani pul ati ng
t he Mobuse Enbryo: A Laboratory Manual (Hogan et al., Cold Spring Harbor
Laboratory Press, 1994 (Non-patent docunment 1) and Enbryonic Stem Cel | s
(Turksen ed., Humana Press, 2002) (Non-patent docunent 2)), However, the
cul turing met hods enpl oyed for these 15ct &sical ES/EG cells are not
sui t abl e met hods when human ES (or EG cells are used for regenerative
medi ci ne or other practical purposes. One reason for this is that human ES

celI's are unrespensése dnorbh Borandtl asiciofsfanden £8l lmecauagsifeath of the

cells or loss of _th f entl i fferen |on|nto
different cell t)?%egh%%%z%o%gfe p8 g%éfsgﬂclg t%‘%f%% 1on1%)£9g% Yhe use of
feeder cells itsé Pu‘isloaﬁ@fsherAlmOobLéFn?@écm,@e idenhi edcad taufengesyst ens

i ncrease product igat Gesheands ang Qa@ikﬁ/er%Htiﬁdzdf QEaé@rerE&@n%! gel turing,
whi |l e 255epgrat| an and ur| fication, of fromthe feeder cells

i s required when Fﬁ%velfs &8I %% BT HR (é;@fgél&l 90%% DEW- thé@lf ut ure, when
human ES cel | s aAdlethe® 8l udnipdt ent ast emtcetd S3aresaut ilbBzedaadjeel |

sources for regegerai| V@;eﬁsgllﬁéweq Q@éﬂa p%%&aﬁu'a%'é{dé rloﬁe+ﬂ LIF to
30transpl ant at i on erap use of ., non- human ani rra products such

as MEE cel |s and°PBS"i IC nn‘B?reoéaf&EgFjr‘éﬁilYem%’ébté&’é‘e“b‘? risks including
pot enti al i nfect upAiffertehe iES¢altasebysdwetre azalowimg udesrandecont am nati on

W th antigagi c nmpkg a ni nt (Martin
et al,, Nature M Ml%z:gg %%%g%ug%o%se gen%leig?aé?a hgﬁ?% rke{%ﬁ}g ES/ EG
'S

cel| culturing mSthd R T BRERTY aB%rastl?th’a%’Fee“’SffoF”"f utiare
i mpl ement ati on, &et¢ve defhoers ldr enBefmy yrade SremdevielsopTiSksubsd i t ut es

(I'nternational Patgfa @&Els[gcaﬁg@r) (Ngn - m%gz?{%zlggn@ng yt,0 utilize human
cells as feeders i nst,ead r, l\@ I&t %39% %3 Nat ur e Bi ot ech.
520: 933, 2002; Cheng KBt e g Wf]sngz‘iile‘i ?E‘i& yed Iox these
classmcal ES/EG ¢alls are not suitable methods when human
ES {oxr EG) cells are used for regenerative medicine or
other practical purposes. One reason for this is that
human ES cells are unresponsive to LIF, and lack of
feeder cells causes death of the cells or loss of the
20 undifferentiated state and differentiation into diffexrent
cell types (Thomson et al., Science 282:1145, 1998). The
use of feeder cells itself is another problem because
such co-culturing systems increase production cost and
are poorly suited for large-gcale culturing, while
25 separation and purification of the ES cells from the
feeder cells is required when the ES cells are to be
.actually used. In the future, when human ES cells and
other pluripotent stem cells are utilized as cell sources
for regenerative medicine, and particularly for cell
30 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
antigeni¢ wmolecules that may be recognized as
35 heterocantigens (Martin et al,, Mature Med. 11:228, 2005).
Congequently, in order to refine ES/EG cell
culturing methods and modify them to be suitable for



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 10cells in a Matrigel- or Lam nin-coated culturing plate and
addition of MEF cell conditioned nediumto the culture nedium all ows

prol onged culturing of human ES cells which retain their undifferentiated
and pluripotency (Xu et al., Nature Biotecq. 19: 971, 2001 15 ( Non-patent

-

docunent 3); International Patent Publicafi'on No. WO01/51616 (Patent
docunent 1)). The same group al so succeeded in constructing a nore
ef fective ES cel | fetitairimpderyatiadioby eaetigkopifogta ser beifg eedaeds um
(Intornat Lonal  Papent o B Leat an o WS 050058 ot et dhateant)). A
nt ernati onal Pat,en i an No. , ent docunen . An
ES cel | cul turi ngsgys@d{:&rﬁt’){ag?%} taﬁ'gl\lggnlévp éFﬁ?R”I"‘raBe i @i %‘?ﬂieféqui ring no
f eeder has al so béenatsapelt ¥BF 3eldm (Bicelcds regsear ciVagroapBickerich. et al .,
B}ol y Rtep_rod5 7?;18679332??601‘3}\1;1;17%%3@@§{1.t, gf@&l\“@f’%@isé?)l):-l.’iﬁeoﬁ)@t?sl;yadat met ho]g
of mai ntaini ng ndi reptiated state o n ells by addition o
bFGF/ FGF- 2 and thg? %%ea rgrgrﬁgb'ggi‘l‘@?f'cﬁﬁ%’fjei }‘lé]‘igﬁégc?rsﬂo(éf Mydgieh dhs al so
been reported (XuBéelalReprmdt urte 2060hode032: 185 ve2008nt Separlateliyy it has
been 30shown t hat metwg vassh tidrefic B VGOIRMANRYNENASE n K Pase e ESK) - 3
inhibitor to cuItHég erF]etdeirum an %ffkieci el?r;tly mai rét it the undifferentiated
state of nurine and human ES cel'l° Wt n6UE SdfiFon

e
_ . §F O PActdrs or
the 1ike antOwit 68t usimg Pebdarlcebt slangain-weated .qulkatine pVtde 3510: 55,

2004 (Ngn]: Patenlt doe UreRtit i6) ) of MEF cghy%on@@ﬁ:cl@leﬂ%cﬁ%ﬁ\h@@ﬁt@e be} ng

pr opose or Cul turj 0 L uripQotent stemc Wi fhout the use o - 8 -
feeder cells, act gg{'ﬂ?zr?p&g%n aa‘tql’lcioo‘r‘l'sa & iRaG (PP e OB T el | 5 wi l |
require even greaf&tlToteRi epicd nofbpiaringdtEmensianccenfl growth effects

and cul turing met hodsipdE@neyweld cknawn, fraetos Hibatcwmiiegt ains dobe

undi fferentiated $fat-6 Lk, usilgEd G cgl ' s, their .
proliferation pot %ncyﬁg S th Li Eeﬁgngﬁoﬁ@agg %\r}gﬁggﬁ%&%ﬁ?l THRE B rel at ed
11-6 family of nolB8cUll¥S/PaPIE (FAdeRt tFrament ddory ThroSAREl%stpaplso 10Mech.
Dev, 45:163, 1994suosiriedi zu emsdlruct Deyvel npreriffective ES cell

culturing system by developing a serum~free medium
containing added bFGF/FGF-2 or Stem Cell Factor

20 (hereinafter, SCF) (International Patent Publication No.
WO03/020%820 (Patent document 2}). BAn 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



122: 1235, 1996), very few other exanples have been reported. Recently,
serum free nedi um cont ai ni ng added bFG-/ FG--2 or SCF has been reported to
not ably pronote the proliferation potency of human ES cells

15(I nternational Patent Publication No, WO03/020920 (Patent docunent 2)).

G ven the active, i.e., proliferating, nature of ES cells in conparison to
ot her cell types, few attenpts have been nmade to actually investigate their
20proliferation potency; however, the needs of regenerative nedicine wll
require increased proliferation of such cefls. One of the problens
currently encountered in culturing pluripotent stemcells is that the cells
25general’ly formfideghtt celbni estand iapeetdreneiar andi fhdcuhiat ashapgdl e for
passagi hg and t hegj:Kes i+ f e i.ated. . cells. are usually found in a
condition with tﬁggcgelefép?ﬁprﬁly&g@ﬁe% %gefgrggc% SPﬁ‘é‘%Fl SEm@ng col oni es,
i.e. cell masses RMEAPPREFStIHSEL ChHblusdarieefhetifeand 308 Iucsng For provi si on

of ESTEG cells faowvetpagsagi ng or differentiation-inducing expérinents, it is

therefore necessary tg,di sper Qlonies in as,short a period as
possi bl e by treatnment Gmgt hGp]%lr %ﬁg&arggfaséf)ﬁ&h(%nsm% ne%tar‘}L s or the Iike. Wen
this is done, howd\faffeneniadser st of tHanESHEECcetllcehdni es into

i ndi vidual cells irequases tieliat byel yhbghnCopeans, ati o pret ease treat ment

and/ or vi gorous L GAl i.rring, d such. .- - _pr.ocedure
significantly r e&ﬁﬁe@é@i‘?h%&‘ﬁ abi I | %&ge‘i"ﬁg?gdﬁe&s?%ﬁﬁ raegial:?(?yﬁog %S‘LES‘/”TEG cells.
Moreover, since ESPEBNLEF|S2UsdereRy $pdntanesesy ditbpeidntitatl on during
cont i nuous 1dul t urMerly. i hea. 5c9:088 er 2B 4¢ ORGHHE DM dthey,\m{&tveh)@pn@n@persed to

single cells durilrgg,@gggggim)gpge}y%ﬁgﬁ%ggsg%&%ﬁ%g be carried out before

colonies grow to an excessive size. . or exa’?rpl e, generally
requi re each passagirhgefo DEEBRHNCIEIURTIEes- BeHas CoRlrining tavsledassagi ng
i's not 10conduct ed'cByFarsuidalsbe inet hedn wpblksed hat nbama ydeviaited

the proliferation potency of human ES cells
15 (International Patent Publication No. WO03/020920 (Patent
document 2)),

Given the active, i.e., proliferating, nature of ES
cells in comparison to other cell types, few attempts
have been made to actually investigate their

20 proliferation potency; however, the needs of regenerative
medicine will require increased proliferation 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,
l.e., cell masses with indistinct boundaries between

30 cells. For provision of ES/EG cells for passaging or
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 colenies into individual
cells requires relatively high-concentration protease
treatment and/or vigorous mechanical stirring, and such



fromtheir undifferentiated state nmay appear in the cluster, rendering the
cells unsuitable for use. This cannot be overcone sinply by adding a
sufficient amount of a factor that maintains the undifferentiated state of
15ES/ EG cel |l s, such as the LIF nmentioned above or GSK-3 inhibitors, and
excessive colony growh and cells with a differentiated phenotype are

i nduced. Therefore, a nethod of growing ES/EG cells w thout formation of
colonies, i.e., with the cells individual |y dispersed, is 20expected to be
hi ghly useful for providing ES EG cell's Tor industrial use. However, no
such attenpts or successes can be found to date. The present inventors have
previ ously seededr@dpses ssig feabnylonakdear chaoneebdieity lande known to

normal |y 25proli &@{@Stl@nbybmltgngffgwnggl/@@,ceqmsa culture plate coated with
E- cadheri n (Nagaoka e al .. Biogtechno §) Lett. 24:1857, 2002 (Non-patent
docurment 6)) and haveoftgﬂ FitF 't RANCE HF Y 55 6085t S0 9HH90afPOH30E°%%I | col oni es
(I nférnational SyhffesienhioiicBi dratey i@ingiamdsDeuly3@bgl ivery Systens,

2002. 04. 14-4.6, T@lm, Jawm L8l Méy ety for
Regenerati ve Medic ere ti'8 19, g?%t %%a&an e‘}%g@eM %llchp%y F9 cells

exhi bited a di sp&f dd8§]r”g rﬁ?rsﬁﬁgf’b‘bf the cPGPF%?’ntme‘étl?? Ravs ifg
E- cadherin, whi céul defokmomwiooekls @5adhesiaorxpedson eitor Eﬁrl:reel less,

i mobi i zed on a@eylrgtr@@ hyst I l.at I fter,
"E-cad plate"). R D e e I Bt 51 i ar

to ES cells, pl?eescsol“ﬁjdc%‘?‘i'(aﬁ 2 gh%asbbgnaﬁ'é‘%e‘ ( Hes é%aﬁéf‘?’e‘?g lﬂLT‘f‘)t or SSEA-1
and Qct - 3/34O \/\hl@(Pflecmé-eﬁrﬂww asispebs frieth&s/ Eelbel’dhanahk\&r slefLahidonen et

al., Int. J. Deverdi Qh1e1§3m,ff5%8§@1at%|do§‘§&ee&a ppehPlin dneDev. Biol,
35: 389 1991) Never., eI | s go not .require ee er cells or LIF for

1t e8P hRP i tPE, Usthd Thitefore are

mai nt enance of the un |f’f%’? S-St
di fferent in thefdniféchandemcomeratmiai My npdindi 4 feRIt & he i atti emourbr eover ,

wher eas ES of a factor that maintains the undifferentiated state of
15 ES/EG cells, such as the LIF mentioned above or GSK-3
inhibitors, and excessive colony growth and cells with a
differentiated phenotype are induced. Therefore, a
method of growing ES/EG cells without 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 coloﬁy'formation, on a culture plate
coated with E-cadherin (MNagaoka 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 Society for Regenerative
Medicine, 2002.4.18-19, Kyoto, Japan). Specifically, F9
cells exhibited a dispersed cell morphology on a
cultuiing plate having E-cadherin, which is a known cell
35 adhesion molecule for FY cells, immobilized on an
untreated polystyrene culturing plate (hereinafter, "E-
cad plate"}.



10cell's have triploblast differentiating potential to all three germ

| ayers, the differentiation of F9 cells is linmted to endodernmal cells, and
they are unable to formchinmeras. In other words, although F9 cells are
used as an ES/EG cell nodel systemin some experinents, they 15differ from
ES/EG cells in many aspects involving the culturing nmethod and cul turing
condi tions. Thus, it was not possible to predict, based on the
scientific evidence, whether the aforenenti oned E-cad plate can be used in
ES cell culturing nethods that 20requi re"nd feeder cells, whether ES cells
cultured by such nethods can be passaged while maintaining their

undi fferentiated st at &%ndlps LHHmbEEmpheI&ft@p%h%MathﬁmﬂJl@HﬁccﬁrE‘.@ti on

potency of the ES.g&eld Seﬁ@?e?@;dg“ﬁiﬁ%%@ Jlo@lptwg‘%se Ny nl%l 'tter?@gfent to

potency of F9 cells cul t d 250n _an -ca (S rou equ
that of F9 cells Rurtife 8?1 aQCcFoﬁ\//ént“ihéﬁfalaf@eF‘PO‘ﬁUIaﬁuﬁpmpraﬁ%EGand no
dat'a ‘had béen obtmlrﬁedxatraesslgg@ttohmmtt be. praki fer ati-onsieat esreyoef ES

cells could $herepy8§)eylgg5@gﬁsql jjﬂtcaghegelvn 55,4 kn\%ﬁm%@at 9%}] xpressed by

undifferentiated purine ES c i s al'so Kno Yer cel | ul ar
adhesi on i s not abPYSVsH bf © et Mist HOE@fcépwr@ha@eqleacr@e@mdhéw rfogene
expr essi on due t ongjgrienandefé L atieonndifdenen t@hatad . staPaVef apent1k22: 3185,
1900 gooHomever . aid chaseB0Le R, BEFRL AN SPLRE L Qse, Feagner! n as an

adhesi on substrate jn an, cultur ret Ho In addition to
the efficient cul Etfrqtr‘?d”ﬁﬁ?h‘b‘d%lféés‘é‘fl“‘llﬁéélo%bo%rewfﬁén phancagobent st em
cells such 3 ES c®llss hare toigleblsed dAsiadnaher aipmywcamiien ab an for

production of regefelaljys MRHQ n@hé)roqgg&te%,tﬁg&f&n 2l 59 Jggessary to

desi gn met hods fo¥ ef fi C|tentl i ntroducin ex0genous tenes into
the cells and exprd&dicHg P h@odermphrgat &Evl ard by satrreatl@ﬁ&lef ¢ fppl yi ng ES
cell's in regenerathyenmedi cImether towsial ma]rtmoofghvm icBUSs Hrgeasas alsS to

nodi fy the cel | propey/eicese] 5URedSs ELQ%HPH £6h3 LA ARG ) FLaLent at ] on

potency or the dr nsitiv, is can be satisfact'o.rli realized
by int rodu0|i ng an%gfef%gr égg?lnégé%ﬁp af " SWogenetls dares ing F’Pﬁa cells. In

the case of murine*ESrdep| getlad padwidébyingnoendi tiatnsgenes can be

artificially nodifiedrmhasprogduce Abt nRSYSN ¢oMbE1 QY , kpagkout yy.ce, for

which efficient scientific evidence, whether the aforementioned E-cad
plate can be used in ES cell culturing methods that

20 require no feeder 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
proliferation potency of ES cells could thereby be
increased.

30 BE-cadhezrin is known to be expressed by
undifferentiated murine ES cells, and it is alsoc 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, 1998},

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



gene transfer nethods are especially useful. Ordinary transfer of
exogenous genes into cells is frequently acconplished using agents such as
cal ci um phosphat e, DEAE-dextran and cationic |ipid preparations, 20However,
application of such nmethods to ES cells is known to result in | ower
efficiency than for other cell types (Lakshm pathy et al., StemCells

22: 531, 2004 (Non-patent docunent 8)). Methods using various viral vectors
for transfer of exogenous genes have al sd Be&n reported. For 25exanpl e,
retroviral vectors (Cherry et al., M. Cell Biol., 20:7419, 2000),

adenovi rus vectors (ShAntédddtiioa eb e effdrnngeBi@ntfgidesnbadl, 2003),

| entivirus vect or& {cATBE4 Yo vat Ly s 74 10 ; no et al.,
Vol Ther 6: 169 Seaa o aorel fhen ﬁ‘%&tenﬁu%‘i%“cétz?%sn%g‘gﬁ&s s ©
W02/ 101057), and®Seridaf® it B§ Yaeqd ciss a( Biwarkort makeriadens fiver. 12: 203,
2005; Japanese Urexcaimichiéch Peft enpefthitioatndncNoe 2Q04c844Q001)s angopublicly
known. "Neverg hel 68§Svesl LUGE i reparat.ion,of. viral vectors
require rel ati veﬁ%ggggfyei&g% s??%ﬁggﬁggnﬁ%ﬁ ?§ V\lﬁf)fgéy b]in\élr(%glil%lé‘lg safety is
al so an issue, deferiGtRy TIPICRBUT ¥UES anp therefldreasdicirpreshiods are

nei t her conveni erthesior Imipsettiablyr empleoydtegy ik applying €9nsaquently,
exogenous gene transbgind iHia vES68ldsd 3oMmsboGAIIIDDLY, fALLLed out by a
met hod known as eci.ectro%)o_r ation. This technique involves application of an
el ectrical pul se TEREFT s*% &% Padkerfry CpeR PRIV EdeFn Bicheatel | menbr anes
for introdudtion wioldfiesxvgencus giefferentiatibe s@ldngy @ndhbtdivg a hi ghly

flexible method JeGeetyvy annkeALYeds! soRakaue Gkl g sl eof gelion has

been establi shed,. v1\:/hereb, an _exogenous gene i s trans I rect\/lly into
cell nuclei to actl"&78 it §Rrt FERTRIS-NAi REPPEIGS SSPHIMWES §&1%8néY (Lor enz
et al., Biotech, Weteells; 1589th@08ke bakshihpathyeatsalit Ssemdsell s

22:531, 2004 (NoncRahethatdQeuaBNtaB)de JHOWE¥EE 11 Hosi FRIDQd EP&{&%GS a
speci al el ectric | a%gl sergenerat | pﬁ}dej\(w ce,, and 1t is not eaSy to prepare
the 15optimal conditions S FUFEn&F nBIE Pt Eenet¥s YALGH tFHFIIt treat the
cells with a prot¥agetsinifess nekhpsi @ reoediespel ke uskéul ndi vi dual cells, and

therefore the cell toxigidary $xbRbadd Vel ¥xd¥elbBus THUMSs 1h& WRSEs ygeful gene

transfer methods £.0r, 2001 riBOHET LIS LEeRtERR B G5, Woul d be

phosphate, DEAE-dextran and cationic lipid preparations,
20 However, application of such methods to ES cells is 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 viral 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 vectors (Smith-Arica et
al., Cloning Stem Cells 5:51, 2003), lentivirus vectors
(Amaguchi et al. J. Virol. 74:10778, 2000; Asanc et al.,
Mol. Thexr. 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 viral
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.



using 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. 25Non-patent docunent 1: Manipul ating the Muse
Enbryo: A Laboratory Manual (Hogan et al., Cold Spring Harbor Laboratory
Press, 1994). Non- pat ent docunment 2: Enbryonic Stem Cells (Turksen,
ed. Humana Press, 2002). 30Non-patent docunment 3; Xu et al., Nature

Bi otech. 19:971, 2001. Non- pat ent -dorunent 4: Amt et al., Biol.
Reprod, 70:837, 2004. Non- pat ent docunent 5; Sato et al.

Nat ure Med. 3510: 55, 2004. Non- pat ent docunent 6: hbgaoka et al.

Bi ot echnol . Lett. 24(%§égguéﬁg¥? 2exo§éﬁous gene t?ﬁ%&ﬂgitfﬁgo QC 5§¥§ £

Nagaoka et al., Protein E ent
dogurrent 8; Lakshﬁ‘"’n”ﬁ%?tthﬁoﬁ‘ﬁw%‘}y SPERI BLENE LY 2 58‘11’10‘32(’50&“’“ aS Pat ent
docunent 1: | nteehattirapakaPatent TRUD! dezahi Qe Nﬁvovﬂﬁﬂé pdGikGtion of Patent

docurent 2: |t of1al 1Ak R PUBLIGaL) 21 MRy Y0031 ,920929,.30 i scl osure

of the Invention hese ci T cunst ances r?d]b
beneficial to prb¥ d&ld %@W%f—omrttapﬁwlgnu@fm@mgwem@@a s such as
ES cel | s wi t hout imtsi ngpef eelles, cell st ikbwhrigily Ehexipiel mdw@pat i on potency of

the cell's i's augppaLed ,Andyt e, Q908 (JARSLE! 2hELERNSY-4 s gTgased.
been established, whereby an exogenous gene is
transferred directly into cell nuclei to achieve
10 significantly higher expression efficiency (Lorenz et
al., Biotech. Lett. 26:1589, 2004; Lakshmipathy et al,,
Stem Cells 22:531, 2004 (Non-patent document B)).
However, this method requires a special electrical pulse-
generating device, and it i1s not easy to prepare the
15 optimal conditions. Furthermore, it is necessary to
first treat the cells with a protease such as trypsin to
disperse the individuai cells, and therefore the cell
toxicity is relatively high.
Thug, the most useful gene transfer methods for
20 pluripotenc stem cells such as ES cells would be methods
using 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.
25 Non-patent document 1: Manipulating the Mouse
Embryo: A Laboratory Manual (Hogan et al., Cold Spring
Harbor Laboratory Press, 1994).
Non-patent document 2: Embryonic Stem Cells
{Turksen, ed. Humana Press, 2002).
30 Non-patent document 3; Xu et al
19:971, 2001.
Non-patent document 4: Amit et al., Biol. Reprod.
70:837, 2004,

., Nature Biotech.

Non-patent document 5: Sato et al., Nature Med.
35 1¢:55, 2004.
Non-patent document 6: Nagacka et al., Biotechnol.
Lett. 24:1857, 2002.



In order to solve the problens described above, the present inventors
studied the possibilities of increasing proliferation potency and

i ncreasi ng gene transfer 20efficiency for ES cells, by culturing the cells
in a state without colony formation, or in other words, in a dispersed
state. As nentioned above, the present inventors have succeeded in
culturing F9 cells, an enbryonal carcinqn§32§cell | ine, w thout colony
formation, i.e., in a dispersed state. Wén a cell culturing plate which
had E-cadherin .imobilized or coated on a solid phase surface (E-cad

pl ate) was prepared and F9 cells were seeded on the plate, the F9 cells
exhi bited a dispersed cell norphology 30 without col ony formation. The
proliferation potencyndpaesserddcihbkte thensgdBkal o £9. cebbeeguEhyred on the
E-cad plate and Fgéggilioégltured on an ordinary plate. When it was
attenpted to see& celT’'s“on an E-cad plate, virtually all of the cells
adhered to the plate, N@6gadenheiocamiinbi & edapsidilppeiivext edl | Jmmphol ogy

wi t hout col gny feemafionsasi mégr, to F9 cells. Mst notably, the
proliferation potency qf ES.cells seeded on the E-cad - 14 - plate under
these cul turing condi%éﬁ?ﬁ§ RBSVETYnitf | HHRETSE IAngheFa i ain PE R HF6PR f er at i on
pot ency of ES celbs Wllt/grédson an ordi nary plate. Al so, the exogenous gene
transfer efficiency angd.expagssidit beVeliwRE e HshIpL{d faBhhy dgher as

wel | . It s further confirmed that ES cells passaged nultiple tines
on an E-cad pl at Car®%Y PR 4Rdi fferentiated and maintain their
pluripotenédy if a factor that maintains undifferentiation is added to the
10l'i qui d medi um pk BeBsidixdel B8R, +hd MASndespnstrated that ES cells prepared by
t he af orenenti onéd ngéﬂgq ggn ge imduced to differentiate jnto functional
differentiated cells R85 ReUrPHE SHEFREFHISHy oty ¥ By P%si ng known

met hods, and t haPeeafindeilc tai peowiale bengdndr ftedubyuring pluripotent

stem cells such as ES cells without using feeder cells,

i5 wherein the proliferation potency of the cells is
augmented and the gene transfer efficiency is increased.
In order to solve the problems described above, the
present inventors studied the possibilities of increasing
proliferation potency and increasing gene transfer
20 efficiency for ES cells, by culturing the cells in a
state without colony formation, or in other words, in a
dispersed state,
As mentioned above, the present inventors have
succeeded in cultuxing F9 cells, an embryconal carcinoma
25 cell line, without colony 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 wexe 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, virtually all of the cells adhered to the plate,
35 and they exhibited a dispersed cell morphology without
colony formation, similar to F9 cells. Most notably, the
proliferation potency of ES cells seeded on the E-cad



15transpl anting theminto nouse early enbryos, and the present invention
was t hereby conpl et ed. Therefore, according to a first node of the
invention there is provided a nethod of growi ng pluripotent stemcells,
such as ES cells, which requires 20no feeder cells. The nethod of the
invention is characterized in that the culturing vessel used has a

pl uri potent stem cell-adhering nol ecul e belonging to the cadherin famly

i mmobi i zed or coated on a substrate sol-i @4 phase surface at a predeterm ned
density, whereby 25the cells can be cultured in a dispersed state for
increased proliferation ability. The pluripotent stemcells prepared in

this manner ret apmat@asrrde%nelhésf@rc%mtatxﬁir%dcéﬁ@ﬁt%oﬁmval%l Wi 4 PO eARYs,, AcCording
to a second node, .the r%&h g Qe 30i nvention is characterized |n t hat
R 2

the cul turing vebdahey, aF PRt SRt PAEERY R ESatierSi ng nol ecul e
bel ongi ng to thecoatwerd enf amidydinamphplateed Misocoatecdxorermusufaty at e sol i d

phase Surface at :aapsedelettl (el Ians| Lo sbakehy, il Lyp i ng of the cel s in

a dlspersed 355tate can increase the gene trans Iciency into the
cel I s. anot hef *&@t kiR pdtIheed? it i on rel ates to - 15 -
pl uri pot ent stem cel | 5 hagi Agriznerundnf feranthat ed sdlatepardigeluri pot ency,

uni ch are prepar g biotde ek e 1 alapg.by Lhe,vent on. For the

purposes of the Br §$$ di scl osure, érentiated” state of
pluripotent stem Peftiererkinted e prietay %ffeslélrlé“r}P@FeT&tY Réast one
undi fferenti ati ofiaceekethat maintAdoer didif fepesriathes MOBEARD ta0ERs the

i nvention fgl ateg; cﬂ'nTefd%ﬁm B %ﬁd%@idns FE Q&‘éc§9m°£‘¥{fe eodi%g‘rekl $” prepar ed

differentiation in trea ment rompluri ent s
by the method di §8 BFE‘{lhttY |tﬁ§eﬁ?we“weél Peidodntdated cells are not
particularly r estlmimwﬂ tasdl bfgreas it beyimbefwictaonel lditypentiased

diTerentiation cam geRhakh yudfch S dals O pLYLL %R,eag,gfe mgel | s.

Specifically, there e.nmegntio ecto s or &tdder m deri ved
cell's, mesoder naf"® Elé‘ir’?%’ Spdn%%a&dé?lh’i‘%ﬁ yidge can be generated by
15 trangplanting them into mouse early embxryos, and the
present invention was thereby completed.

Therefore, according to a first mode of the
invention there is provided a method of growing
pluripotent stem cells, such as ES cells, which requires

20 no feeder cells. The method of the invention is
characterized in that the culturing vessel used has a
pluripotent stem cell-adhering molecule belonging to the
cadherin family immobilized or coated on a substrate
solid phase surface at a predetermined density, whereby

25 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

30 invention is characterized in that the culturing vessel
used has a pluripotent stem cell-adhering molecule
belonging to the cadherin family immobilized or coated on
a substrate solid phase surface at a predetermined
density, whereby culturing of the cells in a dispersed

35 state can increase the gene transfer efficiency inte the
cells.

As another working mode, the invention relates to



cells, endodermal cells or endodermderived cells, and the |ike. The
present invention primarily relates to the follow ng aspects. 20(1) A

nmet hod for augnmenting proliferation potency of pluripotent stemcells which
exhibit a normal karyotype, characterized by growing the pluriootent stem
cells in a dispersed state while nmaintaining their undifferentiated state
and pluripotency, using a liquid nedium 3 d a culturing 25vessel having

i mobi | i zed or coated on a substrate soli phase surface a nol ecul e

bel onging to the cadherin famly, w thout using feeder cells. (2)
The met hod of PpiYyripotest ahem aiedlsahabiggow ngdisfdrent onesl byate amsf erring a
gene 1nto sal dpDlidkiopahent olem 30cebldeced by pnd FechhE AIRLROROR(1) o

(2) above, mheEeln t he nol ecul e bel onging t he ca erin
E- cadheri n, e rfﬂ’IVQBEF8nmh|Fé’r? fES @%rrPGE?’iJPQ Ehpmsesgyt \ﬂlﬁﬁl‘?ﬁaftefrml ecul e,
whi ch conpri seghe HeinEd £ fe dansiatedndsione of plnrtpatiemti ased rredlamzighds t he

2 oo | FCZpaRER. 1P G 03Bkt A0 ECR LB s FRAgLRicrfnd v cf

has honophilic bi ndl ng uri potent Stemce
(4) The net hod™df*&F3) "above, wherein the E-cadherin - 16 - is derived from
a manmal . (5hcthedimd hod aabehidy) wabpue, maber aje thecrkicadhardtRsi s

derived fro”‘atQQﬂ&@e Engygﬁﬁicel 5 thglmih%ypﬁggggﬁﬁg &Ny Oone of (1) to

(5) above, | ecul el ongl ng to erin famly is fused
with an i m*runog’r Iei"‘ﬁ:"l?ﬁﬁl?%@r@h‘céﬂ% GrEatPaShi Froedlonireiensupsdt ate sol id

phase suibace vebld peepere@dionhe method (igcldbed nRirhede ofmanyiene of (1) to
(6) above, The df@@@&ihelﬁéﬁﬁ QEEE&QH%GH&:%&E@léﬁ%éfigafé%eﬂﬁgPﬁﬁ'é%”

10enbryoni c st fm cel ermc
ong as they are of a cell type whose dlfferentlatlon can

generally be induced from pluripotent stem cells,
Specifically, there may be mentioned ectodermal cells or

15 ectoderm-derived cellg, mesodermal cells or mesoderm-derived
cells, endodexmal cells or endoderm-derived cells, and the
like.

The present invention primarily relates to the following
aspacts.

20 (1) A method for augmenting proliferation potency of

pluripotent stem cells which exhibit a normal karyotype,
characterized by growing the pluripotent stem cells in a
dispersed state while maintaining their undifferentiated
state and pluripotency, using a liguid medium and a culturing

25 vessel having immobilized or coated on a substrate solid
phase surface a molecule belonging to the cadherin family,
without using feeder cells,

{2) The method of {1) above, wherein said growing is
followed by transfexring a gene into said pluripotent stemw

30 cells.

(3} The method of (1) or {2) above, wherein the molecule
belonging to the cadherin family is E-cadherin, or a molecule
which has stxuctural homology with that molecule, which
comprises the ECL domain and one or more domains from among

35 the BEC2 domain, EC3 domain, EC4 domain and ECS domain of B-
cadherin, and which has homophilic binding ability with the
pluripotent stem cells.

(4) The wmethod of (3) above, wherein the E-cadherin



(EG cel l s). (8) Pluripotent stemcells produced by the nethod of any
one of (1) to (7) above. 15Brief Explanation of the Draw ngs Fig. 1
is a pair of graphs showi ng adhesion of ES cells (RL and EB3 cell lines) to
E-cad- Fc coated on a polystyrene plate. The adhesion rate represents a
relative value in which 100%is the nunber of ES cells 20adhering to a
plate coated with gelatin (0.1%. BSA: - 17 - Goup with ES cells adhered
to plate coated with 0.1% bovi ne serum atbBiénin. *: with respect to gelatin
group, p<0.0l1. Pig. 2 is a set of photographs show ng the 5norphol ogy of ES
cells seeded on an E-cad-Fc plate. The cell inages were taken two days
after seeding thei£leeelés Mdmaaphat@icoated with gel atin, type I col | agen,
fi bronectin or E-cad- F ( di y nd

respectively). 10Fig. A ?ﬂs?a Q%gf)%(g o Hggn ?Péwfahewrbeir&ll]‘ftg} afjl 5‘?’1 lé’ncy of ES
cel | s seeded on &a¥f E-eéaHECF":cfrp’rna@ehumENEOESnCw@EI s were seeded on a gelatin

bl afe"(Tndi cated as_ Coai)mas waenks Gida6G Blabe (ﬂn@othﬁ GeLlacounts on the
third day re coqr ared. p<Q.01. 15Fig. 3B

is agr aphwg’hovm ng Brav E}Eﬁ 51\%%35‘5‘/{615%’838P9’s’1%§8d@b? Gﬁd‘éfhuﬁ Eapile 1§ ate. The
ES cells (EB3) weheeslewiidl aon immgmiaiobnl ph dtcerég i aad e asm@oiltized an
Ecad- Fc plate, ansh |t&QeEﬁ§ESMaEB 504, EQQ& Brdihtakgn up ippt Peg% g cells
after three days was % nttj ody 20st al rsl n% usin Jluorescent
dye. *: with respect etmﬁ ‘Ej% péfyoyie of (6)47PP¥2i s a set of
phot ogr aphs show“ﬁ‘@rexprél%lmnrlp@fem; ﬁaerkaelﬁeraraenmamhlhher entiated state
of ES cel | S.oseedem:&@oamc Ereadebridl @secely BS &@r&éni@%éxﬁeéé 2ol i ne)
were seeded on a ? Iate (i ndicated as Cont) an "E- cad- Jlg’c pl at e,
and ALP activity ected on the 14th day of culturlng In this figure,
LIF(+) and (- ) respedﬁiv@l‘ylpﬁélwmtat%eaddﬂthsontheadldy tihenmethdd ft o t he
cul turing medi UMany one of (1) to (7) above.

15 Brief Explanation of the Drawings

Fig. 1 is a pair of graphs showing adhesion of ES

cells (R1 and EB3 cell lines) to E-cad-Fc coated on a
polystyrene plate. The adhesion rate represents a

relative value in which 100% is the number of ES cells

20 adhering to a plate coated with gelatin (0.1%). BSA:



‘30Fig. 4B is a set of photographs show ng expression of markers for
undifferentiated ES cells seeded on an E.- cad-Fc plate. The ES cells (E33
cell Iine) were seeded on a gelatin plate (indicated as Cont) or an
E-cad-Pc plate, and Cct-3/4 protein was detected on the 14th day 35of

cul turing. DAPI: Nuclear staining with DAPI. Merged; Superposition of DAPI
and Qct-3/4 antibody stain. Fig. 5 is a set of photographs show ng
expression of - 18 - markers for undifferentiated ES cells seeded on an
E-cadFc plate. The ES cells were seeded brpa"gel atin plate (indicated as
Cont) or an E-cad-Fc plate, and Oct-3/4 and Rex-1 gene expressions were
exam ned by RT-PERogA vhieh @ﬁhlhawdhﬁhed +oaptate spabal with @& figure

respectively reprt@seme 8@ielinf 1:0BuANd non-aadi LLan Qf ¢L1fe 160 | turing
medi um I_Ls a graph show ng the ngkreactld\% tylo;b%ﬁggéel S

seeded on an E—cg)éoFg pl ate. The ES cells (Rl 10line) were seeded on a
gelatin plate (indicaféd. & iGontjetwrofaph&ogadpiic spoatey and cul'tured with

di fferent cgncenwogbhgp%)pfothg? gé)llf [ QLG ggl &5 B~ g??ere tiﬂ{ S%ij ty was

detected for msasurimant roportion of "undi col oni es.
* with respect {86! 568?1??%“19%0 By Mo 4546, pbker seedimggthy BSs 3 set of
phot ogr aphs showiagglpl oripatleneycafteBSwel Igsl@’aﬁsaggple ancamdgeead- Fc pl at e.

The ES cel|s (Rl dibBehosenrled anchhassaged fod gekatincphal &l ndicated as
Cont) or .an E-cad-Fc ate were recovered, 20 an was' f or e

LI P-free medi um tocfaﬂah‘é’e HiSPPEF B YAti on.  Sanpl es recovered on day 16
after ES fdfmation ("EBY. i3d tibeafgigwhephweng tisedrbdi fexanbmaidteAcpf

different different Egtb@mﬁ%reléaédgﬁﬁ%neﬁ%@s?b%%tgy RePER Jﬁ% scontrol
groups there wer %eused ES eI | s or enenti oned passagi ng and

the 16th day ES formed usi ng "t A g %él”l Bia(tfst(l%l aSRY I SPd"F)efotr PR the

BE-cad-Fc plate, and the cell counts on the third day were
compared. *: with respect to Cont group, p<0.01.

15 Fig. 3B is a graph showing BrdU uptake by ES cells
seeded on an B-cad-Fc plate. The ES cells {(EB3) were
seeded on a gelatin plate (indicated as Cont) or an E-
cad-Fc plate, and labeled with BrdU. The BrdU taken up
into the cells after three days was detected by antibody

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

Fig. 4a is a set of photographs showing expression
of a marker for an undifferxentiated state of ES cells
seeded on an E-cad-F¢ plate. The BS cells (EB3 cell

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 figdre, LIF(+) and (-
) respectively indicate addition/non-addition of LIF to
the culturing medium.

f

30 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

35 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



figure, respectively). T/Bra: T/Brachyury, PH : henogl obin, APP
a-fetoprotein, TTR transthyretin, GAPDHL gl yceral dehyde- 3- phosphat e
dehydrogenase. 30Fig. 8 is a pair of photographs showi ng pluripotency of ES
cell s passaged on an E-cad-Fc plate. ES cells (Rl line) seeded on the
E-cad-Fc plate were induced to differentiate into neurons (upper) and
cardi onyocytes (lower). These photos show i mrages of the cells fixed on
35the 12th day after inducing differentiation and stained with antibody for
mar kers specific to neurons and cardi ompogcytes, - 19 - Fig. 9is a
pai r of photographs showing germline transm ssion of ES cell s cuI tured on
an E-cad-Fc platg use d omES cells c red on an
E-cad-Fc plate mas ﬁ%%sse un%ﬂ%ﬁren daé&é?%%ffﬁegﬁgdgba a fie progeny
m ce were subj ectFédPJc%tePCRT'aﬁhél%@ﬁél%s#eﬁg sapoledi 61 er eﬁiatmrcpés*aﬁ ellite
markers. M DNA Sh.ﬂ@lcfm:relﬁeés @ﬁt)E&cai Issca(cﬁ%% bw@ . a8® 02 BL/Hgmouse,
- #1-447 |nd|V|dua§gXtQ t. ave no con of ES cells based on
coat color, #5-4 %?ﬁﬁ?ﬂgnfﬁﬁﬁﬁh?*TﬁﬂﬁQQ@’ggn?QRBﬁkFﬁﬁ of ES cells
based on eoat ééF’brdah’TheTlﬁmrﬂbéné ors el veint itbel figuis regpeesiantlyDNA si ze

(bp). Fig. ré@rmr@r aphi skROWaAY Y8PRIATBARST 8F 18XPEESEI0N ef ficiency
for ES cells see an cad Fc plate. The 15ES cells (E83) were seeded
on a gelatin pl ate? Fed"as Cont) or an E-cad-Fc plate, and they were

subj ected to gene tral?igeﬁ Wtahgaaﬂtm@wpﬁ@s@eohlk"/er@taetlvfmeot}ﬂs in the
cells after one daylsasedetest e ayc@aumdopﬁaﬂtestam lE%l Ra1 1 filkyorescent dye,

and the flygresc S was_ rre ted respect

group, p<0lfgl #he) E}ee_‘fg éié(de%oa st %ﬁ%ln&lgt?anglgﬂtb%é) ?‘Pfgc]m)rphol ogy
of ES cells seedd ¥h %CHGhﬁ‘h FRaggde e Opllla‘ﬂ@d Fheh G@Iflferﬁ?m-‘ges were taken
two days after seedé®igraheoS crellis of @opl @lengsat addwitd gel atin (Cont)

or E-cad-Fc. 25 §g§£ViW%afS OfetTRLEY! PG QUL iNG L PVENLL QN proportion
of "undifferentiated" coleonies. *: with respect to

15 Cont/LIF 1000 U/mL, p<0.05.

Fig. 7 is a set of photographs showing pluripotency
of ES cells passaged on an E-cad~Fc plate. The ES cells
(Rl line) 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 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 16th day EB
formed using those cells (lst and 2nd from left in the
figure, respectively). T/Bra: T/Brachyury, PHL:
hemoglobin, AFP: a-fetoprotein, TTR: transthyretin,
GAPDH: glyceraldehyde~3~phosphate dehydrogenase,

30 Fig. 8 is a pair of photographs showing pluripotency
of ES cells passaged on an E-cad~Fc plate. ES cells (Rl
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,



(Definitions) The term "pluripotent stemcells" as used throughout
the present specification refers to cells capable of 30prol onged or
virtually indefinite proliferation in vitro while retaining their

undi fferentiated state, exhibiting normal karyotype (chronosones) and
having the capacity to differentiate into all three germlayers (ectoderm
mesoder m and endodern) under the appropriate conditions. 35The term
"pluripotent stemcells" includes, but is pot limted to, ES cells isolated
fromearly enbryo and their anal ogous EG ¢81Ts isolated fromfetal - st age
prinordial - 20 - germcells. Throughout the present specification, "ES
cel | s" will be used tEid.nél Leled 'PEG: cef I@idtographs mimermrmﬁd;mﬂerenti ated
state" as used thfﬂ#@ﬂ%&oﬁ h@f Hseeenis Scﬂj%hiéc?%‘h' 91‘1‘ E!I%QBSFdf heapat ure of

| uri potent 5ste ells .exhibiting a state of_undi ntiation that can be
(F:)onfl rprred based g]nciblﬁl?ae%f: for e L?ﬁgfaf?té‘?derflf?‘&t]?egdCEJSl%éluﬁ %P s?Buch as ALP

‘actTVvity or COct - Bfdadyetee pl preduct ):re.xqsafdas@tbm m&dblaﬁpedCb?BIe(ﬁp'r'eSsi on of
vari ous ant59€n|ﬁoﬁaie%%he§heﬁn%g§39hﬁ wHPQHﬁ& Lendd abi
e

10pl uri potent stemcells ans g % | uri pot ent st emlgfeﬁ | s are capabl e
of prol onged or 11X ysﬂﬁ%ietf“ion té ‘f:r‘feif‘ltl ‘f‘b?lﬁ’tsaéﬁ“a“ﬁ& BXHISEt b nal
karyot ype (chromBdnesde mahkée B&vi By d¢digscapriciliye ) o Bdk f CEm&nti ate into

al: threte germ | gyess, urgdemt%dfm?a@m %@u@@ﬂ%t i}#)\{@n?15The ]Eermt .
pluripotency" as_use ou r speci ficati refers to the
ability to diffeF®hi u&“’ﬂt% %L%/ﬁfepgf 3’8516 c®t 1598y %OlerThgdﬂSffer enti at ed
cells are hbt pgirinji@mlcmall)% testghitc tedhas !con‘grmiztutme;pfa'ﬂé oflla cell type in
whi ch differentipsien &p%aatg&ﬂ%rral | ¥nbeannpers efh LhOMeRLUEIPALERt stem

cells. Specifi cal | ti oned ectodernal cells or
ect oder m deri ved c%lfefsen r’r@gg‘;%%zr?‘al 'ls or mesoderm derived cells,

endodermal cells or e??dbdépmﬁe?fa@édsh@?ﬂng, genrd trpesTexidexpEEent er m
"l'iquid nmediunt asrfusethdyhrongdouwei1l Beseeded 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 stain
using a fluorescent dye, and the fluorescent intensity

20 was measured. *: with respect to Cont group, p<0.01,

rig. 11 is a set of photographs showing the
morphology of ES cells seeded on a human E-cad-Fec plate.
The cell images were taken two days after seeding the ES
cells on a plate coated with gelatin (Cont) or E-cad-Fc.

25
Best Mode for Carrying Out the Invention
(Definitions)
The term "pluripotent stem cells" as used throughout
the present specification refers to cells capable of
30 prolonged or virtually indefinite proliferation in vitro

while retaining their undifferentiated state, exhibiting
normal karyotype (chromosomes) and having the capacity to
differentiate into all three germ layers (ectoderm,
mesodexm and endoderm) undexr 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 primordial



present specification includes any liquid nediumthat can be used for
conventional nethods of passaging pluripotent stemcells. The term:
"pluripotent stemcell-adhering nol ecul e® 30as used throughout the present
specification may refer to a nol ecule that binds and adheres with affinity
to pluripotent stemcells, and it nmay be any of various types such as a
protein, peptide, saccharide chain, |ow nolecular conpound (drug) or the
i ke. As pluripotent 35 stemcell-adhering nolecules, there are preferred
nol ecul es that are expressed in the cellszand have honophilic binding
ability, and as exanples there may be -21 - nentioned the cadherin famly

of yolecutes. B GRdherding S kounyle. e, LEPLESTed, by bl ferepttat ed ES

cells and is there ?rg preferr i"s"no"particul ar
restriction ther 8615 Withithe urisetpngnclodel Eurelis'.a protein or pepti de

ol ecul e, a peptide friagnenk therigeh smyiabed Lb':‘t@deﬁsasl Q@Bdaﬁmr'obgrhﬁﬁ; the same

‘adhering activit S SRY k5O e tlggs | ecul | Uri pot ent
stem cel | - adheri %hgn%{%%ugeg eeé be ﬁgerg Fors tné ciﬁLﬁfrl Flgp]rlr’&tlﬁgrda%f t he

i nvention by bei i emm%bﬁﬁhﬂz@&@ﬂ eosltasd ohtuodi fiterzoli gt ighaskatsur f ace of
a cul turing vesseknobe ciehiiEReS HaskEabe cﬁn@%ﬁ'm@@étzﬂi’dﬁ'f@?er?t@'al:@&tﬂsva y

referred to "cul gﬁg I%&%t[ga%] r} asAﬁLE ure subsé/rtua?ég (Por t he i nvention

there may be use g ones are conveﬁ’t’}tcynglrl Bt* cell cul turing,
15such as a pl at éPEPMIEsR*PIHEE@ ¢ uPE Urased ulss erpt &% imayo bevamaekes of

i norgani ¢ nat eri ahsigerghc aslghesss,. Otl?h@fst@f@aﬁl Gncﬂﬁﬂﬁf%rr'eﬁl:§at$.'éﬁho@5
ol ystyrengnor - pghYpIARKheNg, opWlo1h oo AeLRELRE ARt SLELL Tigabl e

materials with hi g& heat resi stance ure: resi’sPaRe ®The et hod
applied for i mobFi3iHG GrPEYR |°r¥gPFﬂ3e°”geiélctFr vhBEETkl st edsidal te adher i ng
nol ecul e onto t hersdifaryshasearstirekaceiofnotgl dab ol @esUbridlisenemy be a

physi cal met hod %Hebea»sava@lé%rpé 'c%aeit@ t%hgm%%lag?ﬂé&oqn%'c 188y Goval ent
or

bondi ng, but an adsorption ne &r}e erre ease o operatl on.
Al'so, an artifici’&™anti%g&nre %Ité'(?uf” TRV 14 £80@H 198 Sor fused with the
adheri ng ndPecul e befBrehand Trluarideretay/'uts hised bindighguofthepeci fic

antibodies for theeastd %@b@fmﬂt%ldl €erdh w'éxecéﬁﬁalﬁh% oSpecific

antibodies mst be L oRRLLLZeHY 5050 PLANe s0ld O phase surface of

differentiated cells are not particularly restricted as
long as they are of a cell type in which differentiation

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 "liguid medium” as used throughout the
present specification includes any liquid medium that can
be used for conventional 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



substrate beforehand by a physical nethod such as adsorption or a chem cal
met hod such as coval ent bondi ng. The culture substrate prepared in
this manner can be used directly for ordinary culturing of the pluripotent
35stemcells. That is, an appropriate nunber of pluripotent stemcells may
be suspended in a commonly enployed |iquid nmediumor cell culture nmedi um
and the - 22 - mxture applied to the culture substrate. Subsequent liquid
medi um r epl acenent and passagi ng nay al se Ye-carried out in the sanme manner
as in conventional nethods. 5The term "honophilic binding" as used

throughout the presaiionspeeid icaahbpih IRhETS dromgeldines! | ©ELag@lysubstrate
bi ndi ng vi a adhes__llsoqmr&pdlﬁegul es .that i nvEI ves assocj ati on between

s Lhat 1ny ,%;fndl ng or
the same type of ‘adhesi on o EAPESSTOTRE Wit eridared &S selhs anded
t hroughout the presdhersperd frireder ord risfrense,t buseganat s oel s, al so known

as support cells,pdhalcuake adctybetobafarehandyand perfgrmhhe role of
supplying n r om actors which are mssing in the nmedi um used

Mrients and g h fact I C, [
for 15cul tu?jl ng cr%cﬁ? i th WEGPESHE UnRBPE FoMeirsHfe AMEPEESW on their
own. "Feeder cel|&radmokutiesreodit may eonoised iad flodg tas iNBRascehbssamrd stronal
cel I's such as STQ&Rldisg J0ELEYM s AiaPBtsad Sbal fndfe URA.LIE oughout the
cells a

20present specificatiqgn refers to a state of gro g ered to a
cul ture substrate surfa8biTHRPELEF nSHd" §edt TatberEny Jrilesu sy 2P dvted and the
i ndi vi dual cel | s @ diorhelre mef tinimpmedddd wift hhet hreentidd Byokedirdg partially

in contact,ihave uiidise@ld: 36880 kNt AE 01 28 ThHE sLELNFOENE; Aas used
t hr oughout the prgugjlecnt .sgem fi <iat| on neans genetic material, and refers to
nucl ei ¢ acid i ncl Ut g ¥ ah St pPF oA UMFE sSUPR g R Hgye b i6f* RNSr DA,
and may be a nat uPRIlaFtévelir refgroed drat i"tudivalel yudkemiagatld seéguence. Al so,

the gene need notcdReedeshiodt @ tBE Ot & RHRECHESALbA YonhedBdnd Phetyadpl €, it may
any ones that are conventionally used for cell culturing,

15 such as a plate or flask. These culture substrates may
be made of inorganic materials such as glass, or of
organic materials such as polystyrene or polypropylene,
but they are preferably sterilizable materials with high
heat resistance and moisture resistance.

20 The method applied for immobilizing or coating 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 method 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



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 described above will be explained 35in the detail ed
description of the preferred enbodi nents provi ded hereunder. Unl ess

ot herwi se specified, gene engineering nethods - 23 - enployed in nol ecul ar

bi ol ogy and reconbi nant DNA technol ogy, as well as common cell biol ogy

pr OCOLS and conventional techniques, may be enployed for carrying out the
invention, with reference to standard l+t¢rature in 5the field. These

i nclude, for exanple, Mol ecular Coning: A Laboratory Manual, 3rd Edition

(Sanbr ook & Russgly 1 i bor LY. Pr ); Current
Protocols in Ml ecEtjrl%OA ',6I§ggyBQA€%’JEgFtJ§? g : gg¥e Jﬁﬁsﬁ% & Sons,
1987); Met hods iﬂqﬁﬁgm%‘@yr% quEat (FaBRMAGPELsRY 2 1PERPr ot ocol s:

Met hods in Mol ecudraie®imitogy (Barddret hadnedt i§ linngenesdsionkumana Press,
2003); Animal CgldrpQulture: A Practical Approach, 3rd Edition (Masters ed.,
Oxford University Press,. 2009%; and Antibodi es: A Laboratory Manual (Harlow
et al. & Lane 15ed., *&dI® 8pr PHGOREMHEr PIEPHBY AtaGr Yo ER ddsonaiyg) thahe
reagents and ki tsredset dmrcitfheatodd redbtunbngelandeteldr Bie©l-0gy experi ments

referred to thr ese Lfjcati e ai; l.e from
comer ci al vendoo{r#g)lggﬁ%:%é gg”%?gﬁaw%%@rﬁ?é&hd“ %i\/e%{&rlgée% é%%gv ?ont ech and
20St r at agene. Al¥FB? Fhacyonet s brbresgel e careut Yifg cAnadeéden opment and

cel|l biology experlemehts using the pluripotent stemcells nmay be carried
out with reference tenstandand.bideras ygeaisnuééhetm'&ough?ﬁee i ncl ude Qui de
25t 0 Techni ques in Muse Devel oppent §V\asserman et al’ e ., _ Acadenm c Press,
1993); Enbr yoni &rﬁsﬁcﬁqﬁmﬁl??gﬂr%ﬁe EFONCi PERATPLE TMI, Wi%s, Meth.
Enzynol . 225: 900kno¥9983 ; suviericput @t iing thiie avbuse tBrbd yigs fohehabbratior y Manual

(Hogan et al. edhertCohtiRPrbne HardghI0tARor AlQkY Rre%ioni994): and
Enbryonic Stem C‘{el s

dctors which are missing in the medium used for

15 culturing cells which would be unable to survive and grow
on their own. “Feeder cells" include, but are not
limited to, MEF c¢ells and stromal cells such as 5$TO
cells,

The term "dispersed state" as used throughout the

20 present specification 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



(Turksen ed., Humana Press, 2002). The reagents and kits used for the cell
cul turing and devel opnent and cell biology experinents referred to

t hroughout the present specification are available fromcomercial vendors
such 35as Invitrogen/ A BCO and Si gna. St andard protocol s have al ready
been established for generation, passaging and preservation of nurine and

- 24 - human pluripotent stemcells, and these may be carried out using the
pluripotent stemcells with reference to_the literature nentioned above, as
wel | as an abundance of other literature tsui et al., Cell 70:841, 1992;
S5Thonson et al., U S. Patent No. 5,843,780; Thonson et al., Science

1282: 114, 1998; ShdleYed etn @Plec\Prage Pinkedy, apdagpconpinangsii®s: 13726, 1998;
Shanbl ﬁt t 1gt 38|9- ,tddhSolfpt enat heil &l,sogsmrﬁﬂﬂbgfiﬁllﬂibm@ﬁ ;ﬁﬁg@&@ilc;sm@%g) 27995)

Bi ot ech. : , : r L Ol at en ubl.i catl on i .
Met hods are al so cio%g’\%ﬂt*%ﬁa%eg?g llr@ﬁlshg%@’stbgew%logfeélz‘%ﬁ FRETEES “Pnes for
ot hér—ani mal specis iventisy, voib aedapeece vonkeydatdharssaciae dh., U S.
Patent No. 5, 843,ui0fiProc. Thakd, irMadde, S&r ekihd1e92mo1e844ar 1996), rats
(lannaccone et al Dev. 163: 2 i

, . Biol. 8 994: Lor,ing 1pet al.,
| nternational Pat@nt bt &’g%lo AR %ﬁ@é'z?ﬁé qlt&ﬁilc%é‘ﬁ‘gr?%i&n et al.,
Devel opment 122: Z88%ell99@ldUsSrirkatienboNg.abby 84 y740gssl). S00Pat ent No.
5,656, 479), pigs diMhest esrRlbocals i dRBL8u1 dreBE blogyDe¥us1Bedb3 4994; Shim et
al., Biol. Repr ode. 57: 082?, 1997) . and the like, and 20the ES cells used for
the invention my be g%@b &8Y ot K g nﬁgg?"d IHEHNS R SEYEYBRIPHor each.
ES cel | s afld pl urigrdeenfrsidencePiassi) soPER ddoascds : aggrtegdt eiof
undi fferenti at ed f1e0utel IS MYgeX{dRehEPY & Rei LBy, MBS, | Rubhdigy i nterior of
t he bl ast ocyst-st.age_ 25 r.yo nawn i nner_ ¢cell mass, and
transferring it tl%%lsl’sl'\‘/?@(g ‘cﬁ?’frﬂﬁole,ceﬁtﬁuqrtélﬁgat%ﬁraﬁ‘ila“@ﬂn‘%ﬂﬁr%ﬂ'passagi ng
of the cell mass.3¥sEdiEiare (ESsewtd od. t hexfordr enikeoantw dreeas 1000es
i lr)lcl udi ng SR E?andC@EOA tilﬁil:iieéh,AEE&dl%B.Qoi‘J@lalbiﬂﬁﬁ’(_H%Qﬂ@u Qert M;Li CGhlL'mxl be
obt ai ned fremt . tur ect.ion, ecul ar
Technol ogi étg’ or drg'dnbesgé %%%r_éﬁﬁr%%ga OUI%H’T%CSJI@@FY ]r(al%ﬂés hate been
est abl i shed t hr oURGEREE OGS FE, usedd f0D Wief Fetermulrhpey andé ¢eddi stered at
the U. S, Nationalbiolstiteipesiaéntiealettbr® b throughout the present

35(http://stenceld s Reh- 0w €L S&vra}illiaggg)%r%ﬁp):cbmmégg?apfvendors such
as Sigma, Aldrich, Invitrogen/GIBCO, Clontech and
20 Stratagene.

Also, ordinary methods for 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

25 to Techniques in Mouse Development (Wasserman et al. ed
Academic Press, 1993); Embryonic Stem Cell
Differentiation in vitro (M.V. Wiles, Meth. Enzymol.

L

225:900, 1993); Manipulating the Mouse Embryoc: A
Laboratory Manual (Hogan et al. ed., Cold Spring Harbox
30 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
biology experiments referred to throughout the present
specification are available from commercial vendors such
as as Invitrogen/GIBCO and Sigma.
Standaxd protocols have already been established for
generation, passaging and preservation of murine and



these may be obtained fromES Cell International or the Wsconsin Al umi
Research Foundation. -25 - ES cell lines are usually established by
culturing of early enbryos, but ES cells can also be produced fromearly
enbryos obtai ned by nucl ear transfer of somatic cell nuclei (Minsie et al.,
Curr. Biol. 10:989, 2000; 5Wakayama et al., Science 292:740, 2001; Hwang et
al ., Science 303: 1669, 2004). There have al so been proposed net hods for
generating ES cells from bl ast ocyst-stage enbryo-like cellular structures
obtained by transfering cell nuclei of degired animals into another species
of 10oocytes or denucl eated oocytes divided into several portions (known as

000 48100; V001! AETb T eBt FSRE T Bh Pl e The P o B P Koo
02/ 90722; 02/ 19488%)us e 8 el 18P senbhedan resddst ethh frefedSmeappl e, an
attenpt to produtke ES wcslaltaré rmmacpad thwenogenet kel enbryowevweheped to the

sane stage as thegb 1 - e (\.S. Pregrant Publicatiqn No.

02/ 168763; W ana Kk %ﬁ%{{)ﬁﬁ%ﬁ%%%@%s%cgé.%d&eﬁsﬁolggi’lcl%ﬁ?@, and a
met hod of fdsi ngTESEQl 1% dit h DEsohatend ¥el |5 888, PriodGbensEs ekl |'s havi ng
the genetic inforiafismepiet g2 s0uRl 888 Ce8hhmiiughebt (dint eppat i gpgd | Pat ent

Publ i cati on No. / 37, I Curr. Biol. 11: 1553, 2001). The ES
cells used for tﬁgg?hégéfigﬁgﬁﬁgﬂégégﬁgﬂgél%EWBESHBé%daBy’éhéh met hods and
25ES cel | s whose PeR?HnO0%onél 0 BNA 2R asResdnofbditf Réd, Biatgehttiechengi neeri ng

t echni ques. 18 ER Teldosousuek frabt {den )i pyesid eopar@tRbRduced by
stimul ati nggf et alng8Fm L1 S ggg@ as. prinprdi al germcells an feeder cells
such as MEE cells, Sll'osggg)l)l s,%r § %ﬁf—lﬁﬁz}ﬁlogrell %rlvﬁsgﬁgglscrﬁ@ﬂi%gl agent
such as LIE, bEGEPEEE-9F &5-1 bFSIESntinest her sdmer namimed age®@Ssceddhs ( Mat sui
et al., Cell 70: 841, fd9%anKbshimtinkuy €t (TabmsorDevek Dpment , 1241235 . 1996),
and their properkissafg VeLy.SiyLhar taose c ( on &
Cdorico, 35Trends BiotechnoI.C18:5%' %%%%)Qgﬁsuﬁéth S%ggf1gﬁggg?cells
produced by fusi h§-EG GRIPECRRE HisBhmt iReVeehial - (Fad2iSy APY4/ EVBOWD.

16: 6510, 1997; Artr&w etingkrpatatmchal Patent Publication No. W099/27076),

chickens (Pain et al., Development 122:2339, 1996; U.S.
Patent No. 5,340,740; 0.S. Patent No. 5,656,479}, pigs
(Wheeler et al., Reprod, Fertil. Dev. 6:563, 1994; Shim
et al., Blol. Reprod. 57:1089, 1997) and the like, and.

20 the ES cells used for the invention may be prepared
according to methods described 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, As murine ES cells, there
are known various lines including El4, D3, CCE, R1, Ji,
EB3 and the like, some of which may be obtained from the

30 Amgrican Type Culture Collection, Cell § Molecular
Technologies oxr Thromb-X. Currently, 50 human ES cell
lines have been established throughout the world, and 20
different lines are reqistered 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.



-26 - EG cells whose chronosonmal DNA has been nodified by genetic

engi neering techni ques, may al so be used for the nethod of the invention.
Mor eover, pluripotent stemcells to be used for the 5growi ng nethod of the
invention are not limted to ES cells or EG cells, but include all

pluri potent stemcells derived froma manmalian enbryo or fetus, unbili cal
cord, or adult tissue or blood, such as adult organs or bone marrow, and
having ES/EG cel |l -like features. For 10exayple, ES-like cells obtained by
culturing germcells under special culturing conditions exhibit features
extrenely simlar to EIEG el | s (Kanat su- Shi nohara et al., Cell 119:1001,
2004), and may be used”a&§® u]rjlnﬁﬁt BRE Eiushh e @skablisbednby HartakdMhl e t here
may be mentioned 26mdxliypereryosadbht B8 agels tcan/ stenbeeptsiuchAPGon sol at ed

frombone marrow ekl <ABdyHaWNAG:H0E MPLERLdA (Lo Hll or anflate Qnto all

three germ | ayers, i\/br €0 | uripoterit stem ce al ne cul turing
f oot sheath cel I s°&H Fl’"n Yeds %'F rﬂler’n%l{’ironﬁlLO]Patlén?MPuBPP ation 20No.
W02/ 51980) , ° i nt eBekxna@maept tdiel,i abieetd 22901 Moer padlonakaiatenkl Publ i cati on

No. WD02/57430) Ok:ider 368F £alg S; et 1293 2003)
under special culturing conditions, é&é] ‘ﬁirrlepglé%\%lgt (I\a/gnedecnel Opo tazc?lduced by

treatment of bl ooBEASNGRF e%"r”e(?éFllﬁg 2’35'( 6?”39( éﬁP’@éﬂl%t@@)}’ﬁta'lsﬁé@ie in their
cell fraction) w etbio-CSke (daanaphage:udabony obtaMdd@by ngrdragtefng + PVA

horbol 12-nyris et at " t Acad,. Sci. USA
(180 2426, 2 nr3?:) o‘tr:@he n/ch %%égn%ﬁﬁ%%‘%gari%a “tg %ﬁ"thN@r\l%a"ae“ﬁs °t opi ni on

19: 355, 2003}, ar&°H'$S §F %‘m%éﬁﬁﬁ%oo%éft%ﬁ’@‘faéeci HetP $erates resenbl e
t hose of ES/ EG cepb¢stidng fhisvrcasecyf@atastesor esenditongs ES/ EG cel | s may be

defined as cell bl(pflltcggylapgglpﬂ tgaggnyn¢lpdﬁc;ﬂ ES@%QO%?E(E Ce%chaﬁz t he
|

presence of surfa rs speC|

expressi on of geng(g[}%@%ﬁég ]t/g%ytig cbIFt sEreggafe| Jubdsc ekt A~ f or ni ng
potential and chi Pr%affioé’?ﬁmugé/ﬁﬂrﬁﬁﬂhg m‘teeathaazle aTHe bpresentoritad £ntcxon
relates to msnethegemfle,- ak7attempt to produce ES cells from a

parthenogenetic embryo developed to the same 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 method of fusing BS cells with

290 somatic 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. 11:155%3, 2001), The ES cells used for the
invention include ES cells produced by such methods and

25 ES cells whose chromosomal DNA has been modified by
genetic engineering technigues.

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 S1/81°-m220 cells with a chemical agent such as LIF,
DEGE/FGF~2 or forskolin in the same manner as ES cells
(Matsui et al., Cell 70:841, 1992; Koshimizu et al.,
Development 122:1235, 1996), and theix properties are
very similar to those of ES cells (Thomson & Cdorico,

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



culturing pluripotent stemcells including ES cells and

by using nol ecul es that adhere to pluripotent stemcells (hereinafter

referred to as "
5pl uri potent stem cell-adhering nol ecul es used for carrying out the

pl uri potent stem cell-adhering nol ecul es"). The

invention are used for the culturing nmethod of the invention by being

i mmobi lized or coated on the solid phase surface of a culturing vesse
culture substrate (hereinafter also coll
substrate).
the invention as | on
preferably it

SelhPIe tPMEPPIVELaPh

ively referred to 10culture
Any cul ture substrate may be used as the culture substrate of

as it allows culturing of pluripotent stemcells,
|sE%ﬁ€g& g@

is characterized

or

but

F ket medtEiedi RY. As exanpl es

of culture subst@@:ﬁ@ﬁxd‘ @hgCeddrihgctddiaibngs t hayeamy bbeuswntboned a di sh,

pl at e,
fl ask,

fl ask,
hO||OM/fI

Q&i%' gﬁe mH%ﬁtl&ell factory, roller bottle, spinner
ers, mecrocarriers, beads and the |ike. These culture

SUbSTFates may be nad®IEPVEROrRJARIBOTENTREEM 48318 (fch PasutfIcader tde

of

organi c nater|a|§r6Mﬁh;aﬁtﬂﬂwahyshyrﬁﬁ&nthﬂtakb hst preferabbers o use

materials such ag, ggg st ¥6e08 Lhak a0 N AP0 Al 00y PraRRr ddas, T of

tTreat ed X for exanpl e,
RSk pt i on

Al 8o phefterteduarea stesd,| isnable aatet Io&bSnwdrhbhm@h heat

”!Rh?}cg,ée arngshéxg ES/E?)‘TS <A1 ExaiP gaﬂjre§glc h-8 preferred

plate with no

proteins and pept|
hydr ophi | i c treaﬁﬁﬁhwﬂbﬁrHVd?dﬁﬁﬁBﬂﬁﬂtF@ﬁ%ﬁ%ﬁF fokugnephdedl a
25properti es.

resi stance and
Substrate there

er a

ment IOﬂ yrene di s

speci al cel'P cul Fﬁi"‘l‘?ﬂgeft @éa@ﬁ%t"e%ér‘&tﬁ"éﬁ%rbyr §Fé’f‘i‘rééi‘gt%e%‘s °85nt r eat ed

pol ystyrene pl at ehgiex nystciednmwiniuy i ugethriidriow euhimig dtatiresol i

li ke, and such cekwéﬁe13}1@%595@%%@/&99@@?19@Jahxtay%mkﬁ&%a%a et

pl uri potent stem cel

adheres with affﬁﬁlty3?¥}§é8F8995038%?“5989ﬂE§1P§ USE APt P PBES iy of

vari ous
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stem cells. As another example there may be mentioned
multipotent adult progenitor/stem cells (MAPC) isolated
from bone marrow cells and having the potential to
differentiate into all three germ layers., Moreover,
pluripotent stem cells obtained by culturing root sheath
cells or keratinocytes (International Patent Publication
No, WO02/51980}, intestinal epithelial cells
{(International Patent Publication No., WO02/57430) or
inner ear cells (Li et al.,‘Nature Med, 9:1293, 2003)
under special culturing conditions, and pluripotent stem
cells produced by treatment of blood mononuclear cells
{or stem cells contained in their cell fraction) with M-
CSF (Macrophage-Colony Stimulating Factor) + PMA (phorbol
12-myristate l3-acetate) {Zhao et al., Proc. Natl. Acad.
Sci. USA 100:2426, 2003) or CR3/43 antibody (Abuljadayei,
Curr. Med., Res. Opinion 19:355, 2003), are alse all
included as long as their features resemble those of
ES/EG cells. In this case, features resembling E5/EG
cells may be defined as cell biology properties unique to
ES/EG cells, such as the presence of surface (antigenic)
markers specific to the cells and expression of genes
specific to the cells, as well as teratoma-forming
potential and chimeric mouse-forming potential.

The present invention relates to a method of

ul e, t hat, bi.nds and

A

and t he



types such as a protein, peptide, saccharide chain, |ow nolecular conpound,
or a nol ecul e conposed of two or nore - 28 - of these. Few adhesion

nol ecul es have been reported for undifferentiated ES/EG cells, but they are
known to express, for exanple, I1CAM1, VCAM 1 and NCAM bel onging to the

i mmunogl obul in superfamly (Tian et al., Biol.5Reprod. 57:561, 1997). The
pluri potent stemcell adhesion nolecule is preferably one that is expressed
on the cell nenbrane surfaces of the pIurTﬁBtént stemcells used, and nore
preferably it is a nmolecule with honmophilic binding ability. Honmophilic

bi nding for cell 10adhesi on neans cell-cell or cell-substrate binding via
adhesi on nol ecul e hEFithwdhvepobimdisngn arlassiorilatien #3ebyven dfye sane

type of adhesion rel eBatfHcKkAoN8 av n uch properties
i nclude NCAM Li, gl exin ar?d cad %ﬁﬁ%ﬁhg%ﬂ%ﬁﬁg ﬁﬁﬁg dg'r ®°the

15cadherin fanil y POHT We? et ége’ﬁr%ejﬂrsef(é?%wfll@”e@‘efﬁmd he @t andpoi nt of
adhéesion strengt h."Plurzg-ebéenterporlieddidiahg Encoadhesdn i spgpecifical ly

expressed by sundi fhak gea]ttegth?. Cc&ﬂg%%\gg}gre%o efﬁ#’?ﬁ 'f?s?éelf??gv\n:cter 122: 3185,

1996), and therefore this nolecule is t he
adhesi on ol ecul eStOYBE P¥EATEE e”W@tntFPlffnatr@aU%G@ Eor aditvercuhtuamg any of the
cadherin fam |y ofepbddcufl ebe oinhormphi lby (bebhg\dlmmgbﬁﬂi"zee%' 8 é&é% uLes

expressed by pluricpetent;sStLe ne no i cation of
ES cells by a genetb%tr e%lgl Eeg%(lg%d%& ech n| que rgsﬂgt‘f‘?ﬁ% nPBXPrESEton of a

full-length or paft h’f:’é’?:ﬁ’?‘?gft'FSraJaS%ﬁPbkqﬂteVﬁH heeffempghitlol ¢ bi ndi ng
ability, evéf if Feliweaetbabraedl.y expresset bybES o8l hay E@Xxsgg garried
he

out for use of theh@ngcmL-g §bddig cet hog, nventl on. 30Ca rins are
adhesi on nol ecul eg VY b depen e%%\;elp'% Aér <81 1’3P4r*adifesi on and

bi ndi ng known as ad e5| véﬁg?’ﬁ’cﬁ%d’f Plﬁ’ﬂ%@rt@h"s 5@ ce¢ e bibneli ng, and the
three types, E (epreffedabay)itadhemienysdd (inethal)kicadhey irby and 1P

I t al dh n [ A d n Ie uI es
onbr ane. bbyad gfg‘gﬁﬁg‘“ﬁﬁe;ﬁg‘g éffvr% kﬁiﬁogﬁrﬁt Eidues, a

the extracel lular region”conpri For Lﬁ%ﬁB‘Pesﬁlask,
chamber slide, tube, cell factory, roller bottle, spinner

flask, hollow fibers, microcarriers, beads and the like.
These culture substrates may be made of inorganic
" materials such as glass, or of organic materials such as

20 polystyrene, but it is preferable to use materials such

as polystyrene that have high adsorption properties for

proteins and peptides, or materials that have been

treated by, for example, hydrophilic treatment or

hydrophobic treatment for increased adsorption

25 properties. Also preferred are sterilizable materials
with high heat resistance and moisture resistance. As an
example of such a preferred substrate there may be N

mentioned a polystyrene dish and/or plate with no apecial
cell culturing treatment (hereinafter referred to ag

.30 "untreated polystyrene plate"), most commonly uged for
culturing of E. coli and the like, and such culture
substrates are commercially available.

A pluripotent stem'cellhadhering molecule is a

molecule that binds and adheres with affinity to

35 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



- 29 - known as extracel lular cadherin (EC) domains, consisting of about
110 am no acid residues. For exanple, the domains of human E-cadherin

(am no acid sequence listed as SEQ ID NO 1) are Ed, EC2, EC3, EC4 and EC5,
5respectively corresponding to am no acid residues 157- 262, 265- 375,
378-486, 487-595 and 596- 700 (where the nunbers are those of the residues
of the am no acid sequence listed as SEQID NO 1). Al so, the donains of
murine E-cadherin (amno acid sequence ligted as SEQ ID 10NO 2) are Ed,
EC2, EC3, EC4 and EC5, respectively corresponding to amno acid resi dues
159- 264, 267-377, 380-488, 489-597 and 598-702 (where the nunbers are those
of the residues & thR&eam bty AENepiodqURHCELEF St BESTSEEPTD MO °2) . These
EC donmi ns are hgmilkregeus: areaged b tEerenbutadigr kre robeculces, w th

particularly hi g hug) ogy. hetueen tzegﬂdprr%m_lslawam@ eandihg N ter i nal

(Ed, EC2). Current erin nolecules are knagwn'to exhi bit
sucH simTar st rﬁfbttuﬁelmlﬁﬁwgtlﬁégb”hé\‘}@e’é@éﬁ Yr BUF8dCY Gger HEYO st he

cadherin famly. Re%(}laaw ewssa.m cadheri mge rmmbpoﬁmndtem c¥akei chi, Curr.
pin. Cell Biol. 0 65: 159,
1996; Yap et al. Jhﬁn e CUCIJSN? E%eggl]% g?L% 1%%5 it 59@%%& ?91 Takei chi ,
Genes Dev. 14:116% @o@omer@m@ﬁnévrfayesmﬁ lth; aurlfaBE@ggte@cﬂ?dl and

25el sewhere. nseds- Gadhesid phaksmbigadherd a- ddidcnlwiwiehy expressed in

epi thel i al, cel | s, syelh a3 pprenciiyeml, 6ol | sflboh D! 8taopss Sugh as ¢ he

l'i ver, Kkidneys an un S, known to be an
i mpor t ant B@adheéﬁ”@ﬁﬁ%ﬂﬁ*l @%@ﬂ?e At~ ‘F%ﬂtlePée?elHl“éPb%‘iﬂ?égl%‘r? {8%e"evi ews in
Mareel et al., |adheshonDayledilels. ¢ 22701398 inddays ortasslociaiColnd Spring

Bar b. . 763, 199 . li, M
Rg;_ ngm) 481225%@93@&9 nfe ’ty[:]fg 5%] aﬁheﬁ%w awlé%lel gn@to% i 5 Cg;rgiﬁ

2:77, 1999). Al sédh@lcoé’dﬁé?"?ﬁ’il%eé %Uﬁt?aﬁ‘PF Pé)?B?’é%’éeédl ?Hfliﬁdﬁ% grenti at ed
muri ne ES cell s, Lanthidxinsakaoaaihthat, Eﬁon@ml’actlacdmmgs Bfcabherin

expressionlgue U Qidherin family of molecules are preferably used from the
standpoint of adhesion strength. It has been reported
that E-cadherin is specifically expressed by
undifferentiated ES cells {(Larue et al., Development
122:3185, 1996), and therefore this molecule is preferred

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 homophilic binding adhesion molecules
expressed by pluripotent stem cells may be used. Also,
gene modification of ES cells by a genetic engineering

25 technigue 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 knouwn 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,



- 30 - genetic engineering have notably inhibited intercellul ar adhesion
(Larue et al.', Devel opnent 122:3185, 1996). Moreover, it can be confirnmed
that E-cadherin genes are al so expressed in human ES cell |ines, based on
data 5stored at the public gene expression database at the U S. Nati onal
Center for Biotechnology Information (NCBI). The met hod of producing
cadherin nol ecul es such as E-cadherin or other adhesion nolecules for
carrying out the invention, if the nolecule is a protein or peptide,
10preferably involves production, purificagPon and use of a reconbi nant
protein using nol ecul ar biol ogical techniques, although this is not

restrictive. CIhemnnnmthSx%k&&bpﬁnB@r@Qﬁ@r{@sHk?sdaﬁﬁnge ﬁnghg ed, and for
exanpl e, a pluripgtemt, tgqbcgmlnadhe i on,nol ecul e may be B0s80 4 t er
extraction and purjfication fromdiViAg-treste of B8P lor thepepti de nmay
be chemical |y syntfed}e@If BymasE-cadherinSt amidar dept oleatohs hayvesal r eady
'beeﬁ“é§f§bTiShed'ﬁérsmnHMOHG:Qh'Q&ng§tngcﬁgqgﬁ?iﬂgpgngrg§§iﬁ3"éﬁd"

obt ai ni ng 209enesrggg&§gvggg a%%p ﬁéoéeins, as plurjpoteni™'stem cel
adhesi on nol ecul es, ‘and 1 ef érehce “RaJHY RIS & FReEfusulé?cit ed
above, al though t RBfe 469-Ad5r eXta4-466i otB1-hes etnd. 5Takiong (msadhgei n as an
exanmpl e, the E-cadhesdds geaerhas akr i gl ate d identified for
ani mal s 25inc|udig€ unan, ﬁg%lD hﬁfﬁgfegﬁgﬁge§§§%% gﬁgﬁtfci§ and rat, and
the respective nucleotide s%%u e SE8r P ¥0teldsi bhksdir She pisriailns DNA

dat abases such as™NCBIe FAeedzwiion (Mosno achdnmaheidd 100436Qis cEOUSE) NM
009864; (rat) NM BB13834hreAnpEr smrg{sg(tj,l eds I gt Eﬁf"a'rrtesgg&i%% g}erefore

design a prinmer of ific tor th - cadherin _gene of "interest and
use it in ordinar x:%roe% ?B?grr?gcb’“{oolagé?%aﬁClSeE?ﬁﬁddE%slft%z Pt A7-aht use cDNA

for the E-cadheri n"®yeié: M IeiHarndeb8-76DNIikor tie nEobsienics gane my be
obtai ned from t heoRIitKENr&eheudBamle the amino acid sequence listed as SEQ

ID NO: 2). These EC domains are homologous among

15 different cadgherin molecules, with particularly high
homology between the domains situated near the N-terminal
(ECl, EC2}. Currently, more than 50 cadherin molecules
are known to exhibit such similar structure, and these
havée been grouped together as the cadherin family.

29 Reviews on cadherins may be found in Takeichi, Curry.
Opin, Cell Biol. 7: 619, 1995; Marrs & Nelson, Int. Revy.
Cytol. 165:159, 1996; Yap et al., Annu. Rev. Cell Dev,
Biol. 13:119, 1997%; Yagi & Takeichi, Genes Dev. 14:1169,
2000; Gumbiner, J. Cell Biol. 148:399, 20Q0; andg

25 elsewhere,

E-cadherin (also, cadherin-1) is widely expressed in
epithelial cells such as parenchymal cells of internal
ocrgans 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,
1895; El-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 expression due to



35(Tsukuba, Japan) or the American Type Culture Collection (ATCC), or

I nvitrogen/ ResGen. The gene coding for the adhesion nolecule used is
preferably derived fromthe - 31 - sane aninal species fromwhich the
pluripotent stemcells are derived, and for exanple, when the invention is
carried out using murine ES cells it is preferred to use cDNA of nurine

E- cadherin. However, E-cadherin cDNA fromdifferent species, such as human
nonkey, cow, horse, pig, sheep, bird (for exanple, chicken) or anphibian
(for exanple, Xenopus |aevis) may be usedzy - An exanpl e of a suitable
nmet hod for producing a reconbi nant protein of an adhesion nol ecul e to be

used 10for carrying out the inventjon is characterjiz by transferring a
gene coding for 9ﬁ’g STS SERFREI TIPS MaHmdIotan Ycéquﬁébjstﬁ er@éﬂlfa\ s, 293
celI's or CHO cel kdhavidrexXpressiaigalt, MRvelerabiy]?22 ﬁésgerﬂé’%% linked with a

nucl e| c acid 56%89&&@3 ' QW &h fb‘éa!?é&f!’l'r&fe!j%a%nﬁ ééﬁ?é@&ﬁsg%n@@ _,_@fe t he gene
inawde range O{l mammal i an_cel | ajdg]r‘ %ba sque in a nanner
so that transcrip ?%rﬁ%&sé?ﬁr%g%ﬁ“ aErS cBhber "Fhe BSREr ST %6F 2t he promoter.
The transcrbbed andrekpitessedpuydne gsnealespraysfoer ablapabe kedheol & pol yA

addi tion signal . yAg; 20pr %Eﬁ{é@dfo@r 99@6&%01&@ & nIBYndtg ol NidRaned promot ers
fromviruses such as SV (Sim

rus v t.one alov us_ (CW) or
Rous sarcoma Vi rus, ?hel@eﬁE?T?rprPB%‘fC@rng Eﬁé}teélli}né%ﬂte% “Fa Cé 51 et
pronoter or the Erkedhéihe genethsseddbesipmodabeiutlhe faconb gt Opﬁt otein

25does not necessaki §y,AYent Ou'?c&%a!n@lé&@efi'é | a bepatih reghapriak, t he gene
coding for _the nol ecul e, as ene L Sequence as Iong as

the protei tlor p&@FEF At éBuPJeveé'y858%‘éFtS39 h%urd s 8{Uence “has
adhesi on acti vi t yeequbirainenproosior uexc@emlng\ilmbleioqmlori gi nal

30nol ecul e. FOI’b Q)é@m;&@uesan a@ﬂ;@\gﬁ,elghms S{H hafg)l@sftgﬁcm ,acegeadi ng to the
 hcludi ng 690- 718-4PHD i a oL HLE YO e R Ler L bl ndfor the
extracel lul ar regixenple. & plarpp@t@utnsbwleuléuﬁr@etsp;@n mplecule may
15 used after extraction and purification from living tissue
or cells, or a peptide may be chemically synthesized for
use,
Standard protocols have already been established fox
methods of producing recombinant proteins and obtaining
20 genes coding for such proteins, as pluripotent stem 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-
cadherin gene of interest-and use it in ordinary
molecular biological technigues 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
35 (Tsukuba, Japan) or the ARmerican Type Culture Collection
(ATCC), or Invitrogen/ResGen. The gene coding for the
adhesion molecule used is preferably derived from the



35EC5 dommi ns. Because the domain nearest the N-termnal (ECl) of a
cadherin nol ecul e generally determ nes the binding specificity, or
honophi | i ¢ bi nding property, of - 32 - the nolecule (Nose et al., Cel

61: 147, 1990), a protein nolecule containing at | east EClL and | acki ng one
or nore of the other domains may be constructed and used. There may al so be
used a protein having at | east 80% b5preferably at |east 85% nore
preferably at |east 90% and nost preferabiy -at | east 95% ami no acid | evel
honol ogy with the aforenentioned protein nol ecule, and exhibiting adhesion

activity. The recedd Rahapr §ILiiR ' ve, ma | so be 10produced as
a fusion protein with anot e%g prlofg?ﬁéﬂo%ﬂg%lpﬁggepl%&ﬁogiﬁtrrﬁltﬁr,“ 4t i%ay be

produced as a fusioh Frovefn % Aoareramrinogihebutlier iReensiginonsor with GST
(G ut at hi one- S- Tremgfiedase) wriotgeinaridBEs(dMangose-Bi pdbag Brotei Y, avidin

protein, Hs (olig@mai-gt j,gi _ 15(HemAggl uti ni.n),, Myc tag, VSV-G
(Vesicurar st onat Ciﬁt'cfs \%n-?‘-ﬁﬁﬁ@ﬁzgg%%% 05{’6"%?' ﬁ?&aF‘P%@“ SRP domot ei n
Al G col um or a sp‘eg FPEtat§BEdy eftum Maypnbenersey, f osw,chnveni ent and

ef ficient purificutd omheépt helxeqosbidanbldr ehehien)AB: FGidh¥Bi 90 RLetein 20
for carrying out ghepshBvent) Sag'hje‘if} to g}dsorb onto culture materials
such as pol ystyrene. ’ “Nuner ot Gene2E i Ri%or have al ready been
isolated and is parti 801 8¥4PY5r &f ef rvd thekaamsthéd fvasprodyicéater substrat es

made of i munogl otwgloinhiFent egicensn i denhi fiRdibh MAMELS ., 251 0gludi ng
humans. Mamp of thgl EaPUe]GPHde: SEAYRASES,, s characterized by
transferring a gene coding for the molecule into
mammalian cells such as COS cells, 293 cells or CHO cells
and expressing it, Preferably, the gene is linked with a
nucleic acid sequence allowing transcription and
15 expression of the gene in a wide range of mammalian
cells, i.e., a promoter sequence, in a manner so that
transcription and expression are under the control of the
promoter. The transcribed and expressed gene is also
preferably linked to a polyA addition signal. As
preferred promoters there nay be mentioned promoters from
viruses such as SV {Simian Virus) 40 virus,

20

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 EC1-

35 ECS domains. Because the domain nearest the N-terminal
(EC1) of a cadherin molecule generally determines the
binding specificity, or. homophilic binding property, of



have been reported, and for exanple, sequence data for nucl eotide sequences
containing human g3, 1g&, 1g& and g Fc regions are accessible from
publ i.c DNA dat abases such as NCBI, those sequences being registered
30respectively as Accession Nos.: AJ294730, A3294731, A3294732 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 nol ecul ar bi ol ogi cal
techni ques to obtain and use cDNA coding for the Fc region. In this 35case,
t he ani mal species and subtype of the geng coding for the Fc region of
interest is not particularly limted, but preferably the gene codes for the

Fc region - 33 - of human 1gGlL or 1 a& or ine | or | b, which
have strong bi ndf'ify m&??%ﬁ% y(%PB? ?frro‘%éi’ ngwg%{h}bqte’hoggtﬁdrae %%&Png bi ndi ng
affinity for Prot@iszuAebyontatingdygcaingeqat &CGloast ilatbifr onegbomerar e known
(Nagaoka 5et al . ¢ RiQl 6Kl ENQalfs 2, 180Q3 s Na-aRab RO, HACUMBRLe7) ), and

Fc proteins with genetic nodifications bK such t ho’ds8 ey al'so be used.
Exanpl es of met hBds FGP B FHRFE AgPT ¥ OMbIHARE Pr dt8Fhs®F%r E- cadherin,
whi ch i s prieferrpteffagebtaratyilegstOob, toee ipreéntatdy hhvieasée?Ppubl i shed in

the literature by,d hesRr 58l abAVeRt or st Nagagkeh Llcdh - 1evBiot echnol . Lett.
241857, 2002 (Non@'ﬁ) ent” docunen tein Eng. 2003 ( Non- pat ent

docunent 7)). Al8 ,Oq'ttoﬁé’r Bithy t&‘&r’rﬁ@g%?’r%ﬂl?’lrtgonf\?af’if% ié‘lgéfl%d%ﬁfi?'? d
15r econbi nant presEimtpnodadiediby aotiwducing into nurine cells a fused
gene obtained by |inki,ag, o RAKENGr& SRAUEREEN &P FBYe 1y BIS, R regi on of
human 1gG and an H's tag sequence to cDNA codi ng for the extracellular
regi on of Hlri nePb?d4iitans B CAFHEFR R CtHid Vé%g'r Eg%tihr?d PR 8r 8t onbi nant
protei n ( Reconbi pepitiddumafiv Mouserkecadheri e Peodiiadepa;a BBy st ens,
Genzyne Techne), ;Wi &l RYH b UsRHN881 SbuTDMSE QEgiNTeR F@adberin protein.
The method for i TupOtdhabnd- &n8Q2kE 04N, Al RAEPMhaRERL-6has fdNesT on
Protein), avidin protein, His {oligo histidine)} tag, HA
15 (HemAgglutinin), Myc tag, VSV-G {Vesicular Stomatitis
Virus Glycoprotein) tag or the like, and a Protein A/G
column or a specific antibody column may be used for
convenient and efficient purification of the recombinant
protein, An Fc-fusion protein is particularly preferreqg
20 for carrying out the invention because it has a greater
ability te adsorb onte culture substrates made of
materials such as polystyrene.
Numerous genes coding for immunoglobulin Fc regions
have already been ilsolated and identified in mammals,
25 including humans. Many of their nucleotide sequences
have been repoxted, and for example, sequence data for
nucleotide seguences 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
obtain and use cDNA coding for the Fc region. In this
35 case, the animal species and subtype of the gene coding
for the F¢ region of interest is not particularly
limited, but preferably the gene codes for the F¢ region



25phase surface of a culture substrate for carrying out the nethod

di scl osed by the invention may be a physical nethod such as adsorption or a
chem cal method such as coval ent bondi ng, but an adsorption nethod is
preferred for ease of execution. Wen the adhesion nolecule is a 30protein
or peptide nolecule, or when it is a high nol ecular conpound contai ni ng
saccharide chains, the nolecule can be easily adsorbed by contacting a
solution of the nolecule with the solid phase surface of a culture
substrate such as a plate and renoving the3$ol vent after 35a prescribed
period of time. Mre specifically, an adhesion nolecule solution prepared

using a sol vent sathhasndigél|dedqvat&F ki RBIFBY QPISEE%er d.and

sterilized - 34 ont.acted.wth cultures ratesuch as a
plate, and it ia h??é]b\c/\lsettﬁﬁg § nJ nd 9 Bfflf“rl('ih 5 &hrhot £/60 dethpds day/ ni ght

period to obtain &tenn a@&%‘ﬂ%r@“ﬁﬂbst&@mlwtﬂmﬂ hﬁomihneangn nol ecul e

i mobiTized or 5° Emﬁﬂdﬂichh@rmuﬁhtl$hgSlﬂgg B I Y. US i.nsing
several times with di;stil E(ggejy,\zla PBS éaﬁif(f%lgp% aacnl%ngg(\)/\ln Hﬁgg%aﬁ %nced
saline solution such as P ngAn %P i 03 (BerTrgéAnt drsbeent e i s
preferably added td or"PuiedNsteAns hel thdhes i nod efidae i bef erehand because
10this will all ovmmhddszahymga,f bBi ﬁggcng wi th anti bodi es specific for the
antigenic nol ecul e, a@ﬂaﬁéi &Nt At Cf ment of the adhesion nolecules on
the substrate surface. |s case *thé s FECrprEnaiereBeirégt must be

i mobi | i zed or cc%t‘i‘j&(?lﬁﬁ f% Fegpebpeins ubkichatie Bﬂéﬂe&@edlﬁﬂeﬁ@f%@d by a
physi cal nmetthod suthtas adseriitbhoRaey H@eﬁﬂﬁﬁh%éke@?&h?geS%Refa goval ent

bondi ng. For examp) enef gE e ant protein obtained usi ng the 19gG
Fc region to therHe)in ESEIB o % QQUQM‘ e ¢ 8d§" 't acﬁé‘ti:etcén@he cul ture

substrate befor er%a%%& nﬁg 13%5 GnéoP%atNC’Z’O@ﬁ)‘éﬁmtf Heatrentr 6z pgniozesn teng .1 gG Fc
regi on. For a recdniddant0(y anennpshinai neshryefsi ng a protein or tag
sequence peptide to tRhesadhgsi.an; n antib specific for the
fused mol ecyl e may be. att’ chec:irgt %)g? Dg&ghﬁaﬂé( %‘O%Jslta?’g)[ée SEé’f BreHEsE for use.
25The adhesion mol &cUPE"f eF Fi‘é&r@fjué%tbefdl@wqmlsglxrdophmelesurface of
a cell culture sififStratefisnd gane yomgiosd Hyheih MRNLDAR HRY DS, Of a single
type, or two or rﬁHa@edbéf&ﬁﬁ'ﬁ aghesi.on | be use

B OB e S IR Siharectn ihmy be

conbi nati on. such g§§ 39l u‘g Lons o
m xed and the i Xe st RoRRRy Tor the extracellular region

£ murine or human E-cadherin, and expressing the

20 recombinant protein (Recombinant Human/Mouse E-cadherin-
Fc Chimera; R&D systems, Genzyme Techne), which may he
used as a mouse or human E-cadherin protein.

The method for immobilizing or coating the
pluripotent stem qell 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 g
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 soluticn
of the molecule with the solid phase surface of a culture
substrate such as a plate and removing the solvent after
35 & 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



t he manner descri bed above. The concentration of the adhesion

nol ecul e sol uti on nust be appropriately consi dered based on the adsorption
and/or affinity of the nolecule and the physical 35 properties of the

nol ecul e, but for a reconbinant protein obtained by fusion of an Fc region
with the extracellul ar region of E-cadherin, the concentration is about
0.01- - 35 - 1000 pg/nL, preferably about 0.1-200 pg/nl,, even nore
preferably 1-50 pg/nL and nost preferaQL% 5-10 pg/ni. The pl uri pot ent
stemcells used to carry out the invention are seeded on a culture
substrate prepared in 5the manner described above. The cul turing nethod and
cul turing condi thdridehorontieteiduri Potaefbl drrenterdirat frai Bedarf or di nary

cul turi ][19 met hod and %thtw 1ing ag@@déct it@3§tefrﬂr E@%Lﬂrgmoi effets Ebm ael | s,

except for usin e culture substrate describe inary culturing
met hods 10and ¢ |%€}'ﬁ6yé%ﬁl % iPEMS° &F’BPEPPp%t%%q‘§¥gﬁ¥%ills are descri bed

i nTTRE T  ér at usebstentticongth dtieyv eghenidrspelschie alnpbiidege of 6~ Techni ques in
Mouse Devekopmenf,{MASSeromy. alrndk. i 84 ereAbAdem e BEESS, cih99) ; Embryonic
StemCell Differentiation in vitro i

! V.., Wl es th, 15 225: 900,
1993); Mani pul atSFﬁ%ratlhé‘rl%ﬁs‘élt@nﬁil"ﬁgmlﬁdﬁé%tc‘?rra?Bp%swﬁﬂéa’%%?ﬁogg‘g% et al.
eds., Cold Spri ngtiar belahabdreatlong Splegdon BI9R)as E¥ryonic Stem Cel | s
(Torksen et | bomenayPressos 2002hnctselle hosabigs segstgsy(denl ot ol
; , . Thomson et al.., . t en e - . Thomson at
al ., Science 28591@ﬁ,ﬂ¥§§8?l%$dﬁﬁ18?%?%VmaT&¥m§?%§%ﬁﬁgFﬁ%%kéag?m%ci. USA
95: 13726, 10998; tBhandldt &ladw aht i WJz8t iarénpinkghi j Wt éﬁtNtP.dlB?ogo, 622;
Reubi noff et al .;peNatsc Bioot @88. ank8:g389%: ndR08i1eandand nifet oatitonal Pat ent
Publ i cati on No. 25W00/ 27995 al t hough t S arbigul.aL restriction
to these. *FREPT ki Eﬁnéﬁ? uar#ht?sségn fmé))?g%ﬁé?sca ?tu% r?ébof “Che pluri pot ent
stem cel | s may bwrdage ondnt hAEs ceasene teeniPeyEd S AP EYIRFERT i BiFdl Pfret hods of

passagi ng pl uri petent130st em e66htsd ofstspeaifie exanplaes, stiferce nay be
menti oned 15 beforehand by a physical method such as adsorption or a
chemical method such as covalent bonding. For example,
for a recombinant protein obtained by fusing the IgG Fc
region to the adhesion molecule, the antibody attached to
the culture substrate beforehand may be one that

20 specifically recognizes the IgG Fc region. For a
recombinant protein obtained by fusing a protein ox 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-



Dul becco's Modified Eagle's Medium (OVEN), & asgow M ni num Essential Medi um
(GVEM, RPM 1640 nedium and the like, usually with addition of about 2 nmM

of gl utam ne and/ or about 100 pM of 2-nercaptoethanol. There may al so
35be used KnockQut OVEN (Invitrogen), ES cell-qualified OVEN (Cell &
Mol ecul ar Technol ogi es) and TX-WES (Thronb- - 36 - X), which are

comercially available as ES cell culturing Media. Such Media preferably
contai n FBS addedt o about 5-25% but they gmy al so be serumfree nedia,
substituted with, for exanple, 15-20% KnockQut Serum Repl acenent

5(invitrogen). Mgp&el |ture supernatant or mnedi um containing added
bFGF/ FGF- 2, SCF and&fﬁé/ﬁyké’rneﬁﬁrﬁg o a%@”‘hsoea,‘z%dlgd%raiel‘fed proscedur es

t heref or are publ®&dferkhbynl (XU pefmalangd Mﬁugﬁ%ﬂrﬁ%,??I"S—lge%??]rr']upz?mé
. I nternatiohal” Paten

| nternational Patent Rubligati <,V001/.51

10Publ i cati on No., mosl,oz%%giol;pgi?nw Sétema??liss%?c? RepFTY. CUY(EE37, 2004).

The TTgurd medi un' Y67 “CBP 1379 G889 tdhe aptuitiupot eatststEmpeebh S clifo

preferably Ras suiist aroesr amicfrabéd)ras;oaddeq'hgh@gﬁt&ﬂ@i&?ﬁglgy&i ntain the
S.

undi fferenti at ed clastat g, of : rd potent .stemce e specific
subst ances and f{%t ors ate O#tg??ﬁgr ifé)%I é’ﬁ VPERRYROE etf empgelig mayi s

preferred for nmurin8"ESFHEATY FRItynipg pethadprnd evitiactorcidiatohs publicly
known from the pudisiti phedifdtearatuse ceSIb | Rx&eHOARET us LY ¢ n Bl %Jel'tu%él: 1,
nes  Dev,

1987; Smth 20et 36 1988; thjen_et "al.,
4: 2308, 19%%), ol fy@é L&{)eécigkgeeagg%ﬁb’g; %ﬁé‘éaﬂ( FUNERF IPEFethrEs381 (nuri ne

LIE) and 1_Og%fggct:Jrithsrq_nlgFj:pn%opﬁsfqre@énbiMHtat prtetrecaliscane be
obt ai ned, for ex&skeibemhder thael iveadeu famenof odedCRCheM; con) . Addi tion
of 25GSK- 3 i nhi bisheeit0cdiNg, Cllisy %on?géh%rpqggsn :Lenf ];%iogéeer[])te!\rglopment |
(Wasserman et al. eds., Academic Press, 1993); Embryonic
Stem Cell Differentiation in vitro {M.V. Wiles, Meth.
15 Enzymol. 225:900, 1993); Manipulating the Mouse Embryo: 2
Laboratory Manual (Hogan et al. eds., Cold Spring Harbor
Laboratory Press, 1994); Enbryonic Stem Cells (Turksen
ed., Humana Press, 2002), as well as other sources
(Matsuli et al., Cell 170:841, 1992. Thomson et al., U.s,
20 Patent No. $,843,780; Thomson et al., Science 282.114,
1998; Shamblott et al., Proc. Natl. Acad, Sci, USA
95:13726, 1998; Shamblott et al. U.5. Patent Publication
No. 6,090,622; Reubinoff et al., Nat. Biotech. 18:349,

2000; and International Patent Publication No.
25 Wo00/27995),

althoggh 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
Pulbecco's Modified bBagle'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 2—mercaptoethanoi. There may also

35 be used KnockOut DMEM (Invitrogen), ES cell-qualified

DMEM (Cell & Moleculay Technolodies) and TX~WES (Thromby-



mai ntain the undifferentiated state of nmurine and human ES cells w thout
addition of other gromh factors or bioactive factors (Sato et al., Nature
Med. 10:55, 2004). In this case, any substance having activity of
i nhibiting 30GSK-3 activity may be used, and there nay be nentioned, for
exanple, the Wit famly of nol ecul es (Manouki an & Wodgett, Adv. Cancer
Res. 84:203, 2002; Doble & Wodgett, J. Cell Sci. 116:1175, 2003).

By seeding pluripotent stemcells that have been 35mai ntai ned through
passagi ng by conventional methods on cu Bare substrate prepared by the
met hod descri bed above and culturing with the aforenentioned culturing -
S7 - conditions gnd, FELNad.! BbnfAIhi¥h 1Y AHLLIAIE LOVENILON cdllcuk SnpOSSI bl &
to acoonplin pa' agl og t di spersed st

mai nt ai ni ng t he ’Wﬁﬁgr naf’fuctﬁln&‘i?@*fér@ﬁtfffé%@d cpaftod Nof BY t‘?é'i'églif% albgFBce t he
5pl uri pot ent st esngeL Iisute Whieyr egly i sbhbs setab-ef reeemeita, phylsstcdhbgdi nhi bi t ed

during celT division, .and/of Ehe 1??2'0%99219‘6&&& %Q'rﬁh\t}ke]f{ﬂa@@&é}?cm sne nedi ated

by intercellul art 0n§%%tex3mp uncti on, and/ or survival is
i ncreased d&nd t h&ngétdogsal)l- cﬁ&?\tcﬁlé QQH@@ﬁeﬁW“aé%‘hloﬁ pedtL el |
proliferation anam%@m la%d@QSBFME‘/d“GELﬁl tsdbe gasenef 1 ow tnelyl aigcobenuri ne ES

cells by the net hog{f talxeg;]%roﬁ%edg? @ggg%(faoqplage 1§l q&%iwgl eto

achi eve a prol i f'&t"

era at
least' 1.5 tinmes %Uem% :pri"@ftéifablhpt%at 1I9e3§% 220t0|1m3£ %Hﬁ&’r‘@‘é‘lto
culturing by a ceeant pesalcarebhoth. Rassagiong; t htalroat ichageheratti ons under
these condjtions,all.ons. recove easti 3.4 1J1eS, gad REgf&I.ably at
| east 10 t#%? %é%llc On 0 @é??&”&@@gvggbé %y conventlonaF nmet hods. The
proliferation 20?%ﬁ%”ma90%@ indi cated by indices such as the cell count '

increase rate or doulythingi@peedepeim ict coftulring, cfantet iemiptheods of
reasur ement and gal eul.asL o 4i5ed. FRYaihg ALY RUBLAGL knewndreEhods enpl oyed

for common cel |l experi nent
added. thereto which help maintain the undifferentiated

15 state of the pluripotent stem cells. The specific
substances and factors are not particularly restricted,
put ILIF is preferred for murine ES/EG cells. LIF is a
protein factor that is publicly known from the published
literature (Smith & Hooper, Dev. Biol. 121:1, 1987; Smith

20 et al., Nature 336:688, 1988; Rathjen et al., Genes Dev,
4:2308, 1990}, as well as by Access Nos, X13967 {(human
LIF), X06381 (murine LIF) and NM 022196 (rat LIF), and
its recombinant proteins can be obtained, for example,
under the trade name of ESGRO (Chemicon}., Addition of

25 GSK~3 inhibitor to the culture medium can efficiently
maintain the undifferentiated state of murine and human
ES cells without addition of other growth factors or
biocactive Tactors (Sato et al., Nature ded. 10:55, 2004).
Tn this case, any substance having activity of inhibiting

30 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

35 maintained through passaging by conventional methods on
culture substrate prepared by the method described above
and culturing with the aforementioned culturing



25As expl ai ned above, the state of undifferentiation of pluripotent stem
cells neans that the pluripotent stemcells are capabl e of prol onged or
virtually indefinite proliferation and exhibit normal karyotype
(chronosones), while having the capacity to differentiate into all three
30germ | ayers under the appropriate conditions. Al so, they preferably have
at | east one of the other properties of pluripotent stemcells such as
tel onerase activity maintenance, teratonma formation, or ability to form
chi meras. Methods of exanining cell characBér- and 35properties nmay be
easily carried out using established standard protocols with reference to
the literature cifeadibovre sudheaspdfl obr X2PPIR, oflige g,qve‘l;%gggi ques in
Mouse - 38 - Devekops®its)VAs et. al.,.eds., Academ c Press, 1993);
Enbryoni ¢ Stem Cell D ffgﬁg\rﬁ?‘??ﬁ%ﬁg%#’b%??%ag(lwwlw FB&  CNB6hIB Bhzynol |
225:900, 1993): MARTRUISEC AlRt%e “ible enatmbe ringAthaboraiary Manual (Hogan

“etTal. eds., SCobuEpidregt Hardids thed Bt 0E YedingSS, 511994, OF Enbryonic

Stem Cel | s (Furksgn, & mang, Bress, 02), ,but. there 1's no particular
‘restriction to th}gse _(r%r)e?ttﬁg'gs. ce?f%’lcuuﬁg%%%ﬁf’ Shkinstars sennah

undi fferentiat ed RUAVE Ry brhiddtpAedr rigiocedls di vt siwhi, cindor] east one and

10pr ef erably nor ecedlr keowabt BMibesi t@mdfaconk ﬁ‘gﬁd%gfﬁo‘\%s | east one, and

preferably nore than.,Qng, t t hods describ Expressi on of
various markers specific {lg;ﬁﬁ%ﬁfggtr eér)lci "8t e "Lt parent: sedbcel I's s

det ect ed by convent§'onar bf obiefpeed ad khegeedhestilcabumetiBods. 15A t hough

there are n¥ partdcuieasenessidmtti onst eR1t herdBEDLL ;00D W%‘lowftﬁ”ﬁ%ﬂomem cal
met hods such as idSBBHN'&B$t0irPQJh§aEa§et aining or i nobl ot "anal ysi's are

L1
referred. There be util]z in such netnBasSt AHF ks ESpeetls oy

p . 1§%y eg 0o % 3 Lap i i n
pol ycl onal ant i bodied' 6P “HoHodPenitverdanei isdoes ekabléi nd te
undi fferenti at ed ptasibpet entachitiene celdral: Aithosli @ et bat,d aLget 1'?9' vi dual
speci fic markers tﬁrn%s(;OBH@f&Ja%h%Ya@‘ﬁ l2ls@b] & and. may be_conveni ently used.
Speci fic merkers %tor ndi fferentiat ed pluri po?%en. a)s{’fje CePFEL PTG Mde ALP
activity and Qct- /zi 1me? compared to culturing by a conventional

method. Passaging to about 4 generations under these

conditions allows recovery of at least 3 times, and

preferably at leagt 10 times, the number of cells

recovered by conventional methods. The proliferation

20 rate may be indicated by indices such as the cell count

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,

25 As explained above, the state of undifferentiation

of pluripotent stem cells means that the pluripotent stem
cells are capable of prolonged ox virtually indefinite
proliferation and exhibit normal karyotype [chromosomes) ,
while having the capacity to differentiate into all thxee
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

30

35

standard protocols with reference to the literature citeg

above such as, for example, Guide to Technigues in Mouse



250r Rex- 1/ Zf p42 gene product expression.
al so be used, which include the undiffexentiation narkers SSEA-1 for

Various antigenic nol ecul es may

muri ne

ES cells, SSEA-3 for human ES cells, or SSEA-4, TRA-1-60, TRA-1-81 gCTM 2
and the like. Expression of themis reduced or 30elim nated upon
of ES cells. Alternatively, expression of undifferentiated
pluri potent stemcells markers can be Qp?gi[ned by nol ecul ar bi ol ogi cal

0

differentiation

met hods enpl oyed often in the prior art
anal ysis of nRNA 35 coding for desired marker proteins,
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transferred, and for pexaipdnti bed@)eb®s fOr an xlikaialﬂfairerpﬁatedl staueh as a

orr&gcgg%ﬁg%%ggtggﬁﬁngbra tr eQEkqu gﬁ&or or the |ike,
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35

|ca IOﬂ usi ng g enetic

RMAL The, exeuerens-aaens®y taM.MNoMe af the methods
described below. Expression of various markers specific
to undifferentiated pluripotent stem cells is detected by
conventional biochemical oxr immunochemical methods.
Although there are no particular restrictions on the
method employed, immunochemical methods such as
immunchistological staining or immunoblot analysis are
preferred. There may be utilized, in such methods,
marker-specific polyclonal antibodies or monoclonal
antibodies that bind to undifferentiated pluripotent stem
cells, Antibodies that target individual specific
markers are commercially available 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. Various
antigenic molecules may also be used, which include the
undifferentiation markers SSEA-1 for murine BS cells,
SSEA-3 for numan ES cells, or 88EA-4, TRA-1-60, TRA-1-81
gCT™-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 bé confirmed by
molecular biological methods employed often in the priox
art for amplification, detectien 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

IRXRNA such as



20mar ker gene for evaluation of gene transfer efficiency or expression
stability, such as a gene coding for GET (G een Fluorescent Protein) or

P- gal act osi dase, luciferase or the Iike. As one preferred node, the
exogenous gene to be 25transferred is linked to a nucleic acid sequence
that allows transcription and expression of the gene, i.e., a pronoter
sequence, under control of the pronoter in a formallowing its
transcription and expression. In such cases the gene is also preferably

| inked to a pol yA 30si gnal sequence. As préfoters that allow transcription
and expression of exogenous genes in pluripotent stemcells, there may be

menti oned pronot emsthodm WukUsEs fehsaguenvds f/drl’ gﬁ %dﬂ{ Rous sarcona
gbe endi ng on the

virus, or 0O-actin EFl a_.pr onot er
35pur pose, " there rr%?/kellpsx é?ﬂ‘%e&)e lﬁﬁ%l@i En%ﬁf&rgewéﬁéeplaammm
transcription or @kPPeA¥ilon (66r wxopetef iGtgdNe, Rex90/zfpin Geihab

p bdh

CelT7tissue typesane krvowgl hsd Q{aﬁegwﬁé’bﬁﬁég%c@ ?égfn%ﬁ:gsnst' atron, i.e., a
cell/tissue- §peC| %:J\r:rreolr onot er sequence or e i at | on &t gg% specific

pronoter, or Pol. 5t St 8PP0 F A RNpE ee)@ﬁi‘e%sqeéﬁmmﬁéiséoﬁ?mmfmm
Ssequences may bepﬁlﬂqq Aedabzorm pubhi s DNBIdat abases such as NCBI, and
ordinary nol ecul ar biol ogi cal techniques may be enpl oyed to construct gene
vectors conprising,des] r%g]egene equences. Vectors for these pronoters may
be obtai ned from fnvitroge SRS A bt RduBlRetRREr st em] QellEhe met hod
for introducing the g@r?@oevem ¢ apgt ot mpde tdfcuharinvenesdd,i ehed, and there
may be menti®ned, méiaroexanplesed lb?ngyﬁ@qtdvgﬁlt%t hQds, S Q(? a%ﬁgcgng C{]osphate
t €

or DEAE-dextr an. ds f el | gets e r ansf er
can al so be appli gﬁﬁﬁfﬁgah pl%efgg?’épo &t &Wef’h%’fogééﬁ%éeﬂakeﬁQJp into

the cells and hav@}urlpotent stem cells There are no particular
restrictions on the exogenous gene to be transferred, and
for example, it may be for a natural protein such as a

15 growth factor or receptor, an enzyme, a transcription
factor or the like, or an art1f101al protein generated by
modification using a genetic engineering method. The
transferred gene may also be functional RNA such as a
ribozyme or siRNA. The exogenous gene may even be a

20

marker gene for evaluation of gene transfer efficiency or
eXpression stability, such as a gene coding for GFP
(Green Fluorescent Protein) or B-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 polyh
30 signal sequence As promoters that allow transcription
and expression of exogenous genes in pluripotent stem
cells, there may be mentioned promoters from viruses such
as SV40 virus, CMV or Rous sarcoma virus, or fB-actin

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

allowing transcription or expression of a specific gene



| ow cytotoxicity, such as Lipofect AM NE (I nvitrogen), Superfect (Q agen) or
DOTMA (Roche), to formli posonenucleic acid conpl exes containing the target
gene. Alternatively, the gene of interest may be incorporated 20into a
viral vector such as a retrovirus or adenovirus and the reconbi nant 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
nmutated viral DNA or RNA, with the gene of 25interest incorporated in an
expressi bl e manner. Use of pluripotent stem-cells grown by nethod of the
invention The pluripotent stemcells that have been grown by 30t he grow ng
method accordi ng, { o.the, | nvent o0, my. bhen.be,oblained #lifici eptly and in
| arge anounts as” pluri po?en? stem cel 'S maintaining thelr undiffeéerentiated
state, using pubb¥ ciif ek atdlon, r bcover et hoteie PREC HeePT P EFer net hod
of the inventionsalomwe effdcierbnandi3hhiGieytptd fpeoptiien, afx
~pluripotent stem,cel I.s_havi h Sl €0 ra r expressed
therein. The pl l%?%otlz[r%t pg?"go%e%e?fg% g?%%%%ﬁ&thi@é%n;ﬁ%;n% | - 41 -
herei naft erSbe ret@ansgst vande prikiirst Entn spem ¢ MNis dptadiare s Wecording to
the invention". As w@imhodsdodrdiaaeyakdirgnpdbipbbgitalstesnndalés stdyere may
be nentioned net hods usin ubl i E I are
ordinarily enpl oe%deqpéroysgsg%gﬁoﬁéL}é‘f&gﬁ\évrg? [5)\%{;%%?55%%@?%% ?e%e&hspeci fic
exanpl e, there nagnbesamistrened VacheEhddr wHESS REPHE e dMUPEs renmoved from
a cul turing vessghtiihathisgbmptiiicpokent rsbdCehhsidravead belervwoetd.ured, PBS
is used 10tl§r rinsing,several ,tjnmes Pt{a%fc?ﬁﬁgc:ﬁé gaive LWAESor)@31 80044 T ON
cont ai ni ng-an appropriate protease 'Z"f or exanpl e, "a solution contalning a
prot ease such asPeEVPRBITRreY BeLFiseydi anddbare BaV iRy MYti¥cCartied out at
37C for an appropkkade: periaadfeqriehenadiods abaiitg taPOium phicehadindor

DEAE~-dextran. Transfection methods for cell targets of

the gene transfer can also be applied using lipid

15 preparations that can be taken up into the cells and have
low cytotoxicity, such as LipofectAMINE (Invitrogen),
Superfect (Qiagen) or DOTIMA (Roche), to form liposome-
nucleic acid complexes contalning the target gene.
Alternatively, the gene of interest may be incorporated

20 into a viral vector such as a retrovirus ar adenovirus
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 undifferentiated 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



15nore preferably 3-10 minutes, and then the m xture is suspended in an
appropriate solution such as the aforenentioned ES cell culturing mediumto
obtain single cells. Non-enzymatic nmethods nmay al so be used, and for
exanple, there may be nentioned a nethod wherein the 20nediumis renoved
froma culturing vessel in which pluripotent stemcells have been cultured,
PBS is used for rinsing several tines, preferably 2-3 tines, an
et hyl enedi am ne tetraacetate (Eon) solution is added to a final
concentration of 0.01-100 mM preferably 0.1-50 25mM and nore preferably
1-10 MM for trea { 37C far, an appropriate tine, preferably about
1- 60 minutes and %Dg?é;lnﬁgé%r%eblrffﬁ?%gtﬁi%f'@%“’flé’ﬁ‘t%l@t aedimestllaf the cell s,
and then the m xt Bregpdxedsaspantded Lo @er appnopsitat e sol ution such as the
af orenenti oned ES cell [ J UL tain_individual cells. The
as3ReLhddy IR0 DRI M 4 ?%@fléaﬁgaﬁ/ c’sgfem S35

sanme net hod may alttﬁo be carried out usinge

bi's(2Z-am noéthyle
invention al §o prevzyes tdedtmrent ivad@d 2380kl SaanQdugad, by Qppropriate

differentiation-i j t nt_ frqom pluripotent stemcells prepared
according to the ?ﬁ%/%r?]tlggn&g%ﬁg%é#’??een%eﬁ%"htcﬁglsceI P8 aafeehidtic - 42 -

particul arly rest FfEHRG: ak¢h§ausbe heptamedod netbed lwheypin whese
differentiati on caedigenesatdmnoviea Efkﬂu(éeduitruQﬂhn]fP|v‘é%5@9ti%n&lhi§:them cells,

Specifically, the B, . i | ectodermal cells or ectodermderived
cel | s, 5rres?§jer rraF?lf:lg%l\é's“plg? ”%L}gnoggf% 3’3?’?vgancﬁlltgfe%nﬁﬁﬂe%%rﬁﬁe‘éel s or

endoder m detfved &&F FslpS%@ FWETRL kelmes, preferably 2-3 times, a

solution containing an appropriate protease (for example,
a solption containing a protease such as Erypsin or
dispase) is added, culturing is carried out at 37°C for an
appropriate period, preferably about 1-20 minutes ang

15 more preferably 3-10 minutes, and then the mixture is
Suspended in an appropriate solution such as the
aforementioned ES cell culturing medium to obtain single
cells. Non-enzymatic methods way alse be used, and for
example, there may be mentiocned a ﬁethod wherein the

20 medium is removed from a culturing vessel in which
pluripotent stem cells have been cultured, PBS is uged
for rinsing several times, preferably 2-3 times, an
ethylenediamine tetraacetate (EDTA)} solution is added to
a2 fipal concentration of 0.01-100 mM, preferably 0.1-50

25 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

30 culturing medium to obtain individual cells. The same
method may also be carried out using ethyleneglycol
bis{2-aminoethylether) tetrazcetate (BEGTA) instead of
EDTA.

The present invention also provides differentiated

35 cells produced by appropriate differentiation—inducing
Lreatment from pluripotent stem cells prepared according

Eo the invention. The differentiated cells are not

©FY T8Y r B AT BN E@RAJodsH S bR PP IEDY Aktioke pr esent” T



Ect oderm derived cells are cells conposing tissues and organs such as
neural tissue, the pineal body, the adrenal nedulla, plastids and epi der nal
ti ssue, but they 10are not limted to these. Mesodermderived cells are
cell s conposing tissues and organs such as nuscle tissue, connective

ti ssue, bone tissue, cartilage tissue, cardiac tissue, vascular tissue,

bl ood tissue, dermal tissue, urinary organs and reproductive organs, but
they are not 15limted to these. Endodermpgnderived cells are cells conpGsing
ti ssues and organs such as digestive tract tissue, respiratory organs, or
thynus, thyroid, parathyroid, bladder, mddle ear, |liver and pancreas
tissue, but they are not limted to the 20TQ§ glurlpgtgq; temcells
prepar ed accor diHigtisuiaey ﬁ@éﬁ?%QE?daﬁﬁFHWQd?ﬁf FEnTERrEd” e s pr epar ed
from such cells gie ub‘@éwldlff%r@hajamaonl@gl gatem@lay Uzt iloduerd &ePTvity

_eval uation of varbggg?ggé§sgjﬂg& Il y §§&h%§c§yﬁﬁt@ﬂ&@§mégu&h as drugs) or

novel gene prodLP unc Ion exagF 3 e%i nay be
utilized for scrieemiAgedfeWOHerEHe &8 14AFGHIT AR eE W ER Funct i onal
regul ati on of plagdopetent shem 6eldescaervaeirdust diefller emdpdtedlcel | s,

and/ or substances%%r (t%lr ugs; L0, (gé)l)gv%ldt ¥elqr |Qmmhteogﬂ@ct| on on
Ce

pl uri potent stem S Or various erentiated cells. ently, very
few screeni ng met hod§chaderdenierd AFEMEE G8HTY Cﬁﬂﬁﬁ?ﬁn@eﬂ%suegn
differentiated cald %x@@thﬁﬁbH pem@ina podsert shemicekl Pogvepsieed accordi ng

to the invention are usef dllcael glgé)&hd%eéné% 1 GOARIUC k| BELS UBHE SGlgeni ng

met hods, 35 Al s di Scl 0se ener at | ng qfsmerl c enbryos or
chi meric ah? nal sa:c%ﬂm} plakFgsbitenthatem Ue19s B Sar&d ‘Eﬁjl h&" %ret hod

di scl osed by thecdierbinposimndiboues 43 ordane gerierat wesaisi hivdue. enbryos
and chineric ani pals. $,8nasdPr 8h0e Alisshave.at 1 eafy chear eskabldsshed for

tigsue, vascular tissue, blood tissue, dermal tissue,

urinary organs and reproductive oxgans, but they are not

15 limited to these. Endoderm-derived cells are cells
composing tissues and organs such as digestive tract
tiasue, respirétory organs, or thymus, thyroid,
parathyroid, bladder, middle ear, liver and pancreas
tissue, but they are not limited to these.

20 The pluripotent stem cells prepared according to the
invention and/or differentiated cells prepared from such
cells are useful for pharmacological evaluation or
activity evaluation of various physiologically active
substances (such as drugs) or novel gene products of

25 unknown function. For example, they may be utilized for
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 inhibitoxy action on pluripotent stem

30 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.

35 Also disclosed is a method of generating a chimeric
embryos or chimeric animals using pluripotent stem cells
prepared by the method disclosed by the invention, and to



generating chineric enbryos and chineric aninmals, and _ they can be easily
generated with reference to, for 5exanple, Manipulating the Miuse Enbryo: A
Laborat ory Manual (Hogan et al. eds., Cold Spring Harbor Laboratory Press,
1994), though there is no particular limtation to this reference.

10Exanpl es The present invention will now be explained in greater
detail by the follow ng exanples, with the understanding that these are
only exanples for the invention and are rot3intended to restrict its scope
in 15any way. Exanple. 1: Preparation of reconbi nant E-cadherin protein The
met hods for construction of a vector for expression of a fusion protein

conpri sing the nukheegdreraBeadhiiiei6XsHReEk |a‘a'1|daE:hIn?eg_Ji?nax‘?1‘%%1|ath Fc por'zji on
nd for prodiction an

(190/ Pc) (hereinat t.,0 as "E-cad-Fcg), a or pr

purification of t%gﬁéiﬁﬁiﬁg%oelsbggéﬁ o e Hbt fﬁ’gaa sdFdi i erdyorhe present
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| nvitrogen) to const t ressi on vector pRC E-cad-Fc containing the
é—cad-EC% ) : gt pf?g%n% 1nVentlontﬁilpnow be explained in J

greater detail by the following examples, with the
understanding that these are only examples for the

invention and are not intended to restrict its scope in
15 any way.

Ixample- 1: Preparation of recombinant E-cadherin protein

The methods for construction of a vector for
expression of a fusion protein comprising the murine E-

20 cadherin extracellular region and IgG Fc portion (IgG/2c)

(hereinafter referred to as "E-cad-Fov), and for
production and purification of the protein were based on
methods reported by the present inventors (Nagaoka et
al., Biotechnol. Lett. 24:1857, 2002 (Non-patent document
25 €); 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 EDNA
containing the full-length sequence for murine E-cadherin
30 (allotted by RIKEN; RDB No.1184) as template. A DNA
fragment coding for murine IgG/Fc was isolated from cDNA
obtained by preparing mRWA from a murine IgGl -expressing
hybridoma and performing reverse transcription with
Reverse Transcriptase. After confirming the nucleotide
35 sequences of both DNA fragments, they were incorporated
into expression vector PRC-CMV (Invitrogen) to construct
expression vector pRC-E-cad-Fo containing the E-cad-ECD



- 44 - and 1gQd Fc sequences. CHO K1 cells (obtained from RI KN,
Tsukuba) were used for production of E-cad-Fc protein. The |inearized
pPRC-E-cad-Pc (1.0 pg) was mxed with 5.0 pL of 5Li pofect AM NETm r eagent
(I'nvitrogen), and used for gene transfer into the CHO Kl cells according to
the protocol recomended in the product manual. Next, in order to obtain a
cell clone producing the E-cad-Pc protein constitutively and in | arge
anounts, the cells were 10recovered after the second day from gene transfer
and seeded at 0.2 cells per well in a 964yell plate (I WAKI). After
culturing for 7 days in RPM 1640 containing 400 pg/nL of (418
(I'nvitrogen), the culture supernatants were collected fromwells wth
surviving cel | s &Kd IgREFE-32442"9%5Fc protein contents in the cul ture
supernatants were neaguried.ceChenesstaihbd tirennkifigst T&kokd)l Fegsr ot ei n
production (437 I wer e t apnd, yse ath 0 ] xperi ment.
Lesh oL e s oL Rt sandy ysed. fia L honfohl gagegxper i ment .

THese celTs Were I'i serum free g ;
| nvi trogen) and gHEE-20085s (QUbt wyledragshirgdavstidi @nBrik [Pdsk, and the culture

super nat ant was_cgldeeelgng™ reaglie ouhlUigcaypernntant m@sqfid tered with
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Exanpl e 2: AdhesF%?Fto‘ft“ES"%@f Iaé’dt a“E-acf§8 ﬂom at QtVMe geﬁ(so%wgdhem on of ES
cells to algel | cotdwrhedgaptat aheoatehaniah ftrﬁ@ @Eer@aar%sfﬁrrofﬂ% n
(hereunder, "E-cadsfit Ritabes)canas gxanienedin A PBSralill pled: saknsklian of the

o After culturing for 7 days in REMI 1640 containing 400

fHg/mL of G418 {Invitrogen), the culture supernatants were
collected from wells with surviving cells and the E~cad-

15 Fc protein contents in the culture supernatants were
measured. Clones with the highest E-cad-Fc protein
production (4G7 lines) were isolated and used for the
following experiment., These cells were conditioned in
serum-free mediuwm (CBO-5~S¥FM 1I; Invitrogen) and then

20 mass cultured using a spinner flask, and the culture
supernatant was collected,

The culture superpatant was filtered with a 0.4% pm

membrane filter, and then concentrated using a 100 kDa-
pore size ultrafiltration membrane (YM100; Amicon} 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 oxdipary method using a
Protein A column (Amexrsham Biosciences) and supplied fox

the following experiment.

30
Example 2: Adhesion of ES cells to E-cad-¥c 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 of the E-
35 cad-Fc protein was poured into untreated polystyrene

culturing plates of diffexent sizes and treated for



35cad-Pc protein was poured into untreated pol ystyrene culturing plates of
different sizes and treated for - 45 - coating overnight at 37C, After
rinsing and before seeding of the cells, blocking treatnent was perforned
for 1-2 hours with 0.1% BSA solution to prevent nonspecificadhesi on of the
cells. As a control, plates 5coated with BSA (0.1%, gelatin (0.1%, type |
col l agen (0.01% KOKEN) or fibronectin (5.4% 1.1g/ n; KOKEN) were used,

The ES cell lines used were EB3 cells (provided by Prof. Hitoshi N wa of
RIKEN), Rl cells (Nagy et al., 10Proc. Nat).. Acad. Sci. USA 90: 8424, 1993)
and 1298V cells (pbtal ed f]rng)mhgal ni on Phar maceutical Co. Ltd.), and the
experimental results Showed hHo® ﬁceé‘fﬁ%rf\ﬁééﬁ“@%é‘“@l}?eff@if@nt ES cel |

li nes. These ES céW%lIWeloé @a@wgéd aﬁmkﬁigngré&ntehe xﬁ&ib@ﬂﬁ;rﬁi@éc“ bed in

15Mani pul at i ng t heoNbuSe HEIPE Y0erA L Y. Man gan et al . eds.
Col d Spring Harbor Labaratory Pr ess.! ﬁb%& S%MEKE%P % ‘% K ’Stré% Cells:

“METRods and P ot o801 & (FuPREEH ®dof HsrartisPr eks a ZOi@iZ?}O,l,uls]artgs -2

KnockQut - DVEM (I nthtreagem)uhnm um. u:e)nt @b[ﬁtﬁg l@%%EEEdYF% 1 Ml‘é‘&% non-
20essential am no, s% ]%I\I' % I ut am ne an

2- mer capt oet hanol ?her di narter e é’?‘?%‘&c as- EMmeWE&UmWﬁon of 1000
TJ/nL LI F (EsGFQ “teni con), while maintaining their undlfferentlated

states, and they were 15epptiadif an@(rg]ggaqgg on..The ES cells passaged
25under these con 44 ons erei naf ter Eaé 3er@Fé%iJ]e(8rOVl PEd¥el | s

|
passaged under ordi nar c%nndltl TORs®: RIKEN}, ?F\ecﬁéscé‘l‘fwé’ pasdaged under
ordi nary cohli t i ORGmeatti Hisad t @ Ce URRLdD - :serumbper amdievang i4 eat ed

wWith 0,25 trypsi n(cﬂfﬂadhbﬁnfﬁQﬂbahﬂiﬂQ;n pRIEDIG 1.8, 008 al Py 30singl e cell's,
whi ch were suspenged e'xBeE SMn ! & E8Sults showed no differences between

the different ES cell lines, These ES cells were

passaged according to the methods described in

15 Manipulating the Mouse Embryo: A Laboratory'Manual {Hogan

et al. eds., Cold Spring Harbor Laboratory Press, 1994)

and Embryonic Stem Cells: Methods and Protocols {Turksen

ed., Humana Press, 2002), uwsing KnockOut -DMEM

(Invitrogen) medium containing 10% FBS, 0.1 mM MEM non-
20 gssential amino acid solution,

2 mM L-glutamine and 0,1
mM Z-mercaptoethanol (hereinafter referred to as EgSM),
with addition of 1000 U/mL LIF (ESGRO; Chemicon}, while
maintaining their undifferentiateqd states, and they were
supplied for experimentation, The ES cells passaged

25 undexr these conditions will hereinafter be referred to ag

“ES cells Pagsaged under ordinary conditions".

The ES cells passaged under ordinary conditions were
rinsed twice with gerum-free medium and treated with
0.25% trypsin solution containing 1 mM EDTA to obtain
30 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 B-
cad-F¢ protein was coated onto an untreated 96-well plate

35 (IWAKI) by the method described above, and the cell

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



ot herwi se specified, the sane conditions were used thereinafter for
detachment of the ES cells fromthe plate, passaging and other experiments.
The purified Ecad-Pc protein was coated onto an untreated 96-well plate
35(1 WAKI ) by the nethod described above, and the cell suspension prepared
at 3.0 x 105 cells/nL was seeded - 96 - therein at 100 A and cultured for
4 hours. After rinsing with serumfree medium the nediumwas replaced with
nmedi um contai ning 10% Al amar Bl ue _(Biosource International) for 4 hours of
reaction, after which the 5absorbance wasgheasured as an index of the

vi abl e cell count. The results are shown in Fig. 1. ES cells

general |y have | ow adhesion abilities conpared to fibroblasts and

epi thelial cell sthemednt dleyl08ssbntidloyteeid 1o ‘adREFe 166h¢D a pol ystyrene
plate that is eitfier gniigatedultcRakediw,t bh8IAdiandiasheyplareth an

aggr egat ed Il m ,th di, [
e Wb o eaf Ty o s B SRR o e

y are able to

adhere in the same:awaptasnaiberfoseédetirencfrreasbiali naf et utteuri ng

plate. Wengthe adhesi.qReabid id%s0fcFESsCo linavasoexas nedlustanl a coat ed
plate wth different E-cad-Pc concentrations, both the RL cell line and EB3

cel | line exhibit®¥'sati sfact ory adhesion with concentrations of 5.0
1.1g/m ., and above. Theciesrittal aye BWP0se|Tig ate A5s6LHpABNe D Yadheri ng
to an E-cad-Fc plae undghnsSerdimsbi e ieeneiipaess, tatdbt st aadhesidon to the

Pl broneot | n. - Bi nEPHG DA EETHHe T T kRN L4 b Cads Seamatan: 25 Nar cel
et al., Into J. Pevo BipollysBiraryplaodIhataleicdhier EHLFea S AY Cel | Biol .
7: 619, 1995; Mapsi& Neksomsa ! nind Beyy fOyholn adfbedt@n dQ96)mass niror der to
' the medium; however, after pretreatment of the culturing
plate with gelatin, collagen or fibrenectin, they are
able to adhere in the same way as when seeded on an
15 ordinary cell culturing plate. When the adhesion ability
of ES cells was examined using a coated plate with
different E-cad-Fc concentrations, both the Rl cell line
and EB3 cell line exhibited satisfactory adhesion with
concentrations of 5.0 pg/mL and above. Incidentally, ES
20 cells are also capable of adhering to an E-cad-Fc plate
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, 1893;
Takeichi, Curr. Opin. Cell Biol. 7: 619, 1995; Marrs &
Nelson, Int. Rev. Cytel, 165:159, 19386). 1In 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 (2~
aminoethylether)tetraacetate (EGTA) at a 5 mM £inal
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



exam ne the effect of chelating agent addition on adhesion of ES cells to
the E-cad-Fc plate, ES cells 30cultured for 4 hours on an E-cad-Fc plate in
the sane manner were treated for 30 mnutes with ethyl enedi am ne
tetraacetate (EDTA) or ethyl eneglycol bis(2- am noethylether)tetraacetate
(EGTA) at a 5 m| final concentration, and after rinsing the cells with
PBS, the 35cell counts were nmeasured with Alamar Blue in the sanme manner as
above. Wth treatment using EDTA which hasgshow netal ion selectivity,
adhesion of the ES cells to both - 47 - E-cad-Fc and fibronectin was

det ached, but witkx-trgagseNy Ysi -GTA Wi ch has high 0a24. selectivity,
binding with fi brg]ggcti n_was Eg{’?ﬁg’ﬁeﬁ%ﬁ‘@& gﬁﬁa%ﬁldy Bith ikl Wieekognadherin
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~ E-cadherin melecul es rese%ﬁggﬁg%iﬁgcgbl i

nol ecul es i nifobi | PZREHES K¥eBoviidh ofHbsernsaf faoe B§*'t he Eheagkdrc pl at e.
Next, ES cells passegetninderhosdliaany:sul, ?"ééﬂ“%s ”Qch{eiﬁ?&? e seeded in
W

an E-cad-Fc pl atecp{)a 24- | plate (I1WAKI') coate “ano substrate,
and cul turing was . caryied aﬁﬁF.C% %ilcspé(‘?ﬁ?/\h“ PeteSEBN b acs ik deterat | y form

tight, rounded cof oA EE 4R Petearlesebrescoh am wedsnafaceeebt tGal Eyring
plate. Here, ES cetlkss faorimedctidieSanBokddideof ingiost i Nty Light colonies even
of B LA oh' G 56018

wi th an untieat edppodystygRg culturing plate coated w r, it is
of note that ES cells seedéago{?f the E—%aé‘ggcg%]la&tei'n, type | collagen or
fibronectin (see Fig. "&F"/ FES ptedtle, pawmeadedrurER3 oedtirmrgr cilRkweehl s,
essentially fail eeonditiionm désd iseetie€ 0lPBh &5 GUER: 2186 3, JaYS ,af t &

as

seedi ng, and theypwal£ (tfake r to i.ncrease I n nunber
i ndi vi dual 'y di spersed .(cel I s?dczo%qrégc%gtg‘r BCHIT 8BBSGRRteher ™S 30cel |'s were

seeded on an E-cad-Fc pl'dt Bodrearrgef f4tn platie known that ES cells
15 generally form tight, rounded colonies on feeder cells or

on an ordinary cell culturing plate. Here, ES cells

formed the same kind of distinct, tight colonies even
with an untreated poelystyrene culturing plate coated with
gelatin, type I collagen or fibronectin (see Fig. 2).
However, it is of note that #g cells seeded on the E-cad-
Fc plate, whether EB3 cells or Rl cells, essentially

20

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-F¢ 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

(26-well plate) and cultured for 3 to 4 days., After
rinsing the cells with serun-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 EB3 and Rl cell lines

¥ §e88°d 1 b ESeééprs vaanet cadher i



(96-wel|l plate) and cultured for 3 to 4 days. After rinsing the cells with
serumfree nmedium the cell counts were nmeasured with Al amar Blue in the
same nmanner as above. As a result, the nunber of ES cells cultured on 35the
E-cad-Fc plate with respect to the nunber of ES cells cultured on the
gelatin plate by day 3 of culturing was significantly higher for both the
EB3 and Rl cell lines - 48 - (see Fig. 3A) Al so, the cell counts of the
E-cad-Fc plate groups with both ES cell |jnhes were approximtely 2 tinmes
greater by day 4 of culturing. Wen the Ifg cell's were recovered after four
sim |l ar passages and the counts 5were recorded, the nunbers of E-cad-Fc
plate-cul tured ESaelfig. whle nmdieot HAe 3¢5 cPhdlse Gletier FAAT G hose
cultured on the grdingryugehathn@liatee. cdhenenwasiche difrbetericaybet ween t he
plates in ternms of the adhesion rate i.nme r.seedi f the ES
cel I's, 10suggest FHYS HAESEY &1 &Y LI tuFLé%urag %gd r% EgI %letgléghave hi gher
Tproliteration poverd regnus saf wivar bl |Sﬁ‘ylla\¥\hé?ﬁ9taﬁéssa<ﬂ?etg

conducted wth FR.cellsordfy, d'tfhfeeﬁ@ﬁlfa&swaﬁ f-euaded plabe-aelkhrgr GiSi f erati on

pot enci es of the E—cad Fc Iat cul (y nary 15pl ate
cul tured group. ©&lls N@%F %;15;1 hesT g%e?é%ﬁ t%E‘g I's was exami ned

usi ng upt ake of Bubirwnm- 2h- des)wdﬁn@r&neEE(lﬁﬂdUPl@'sethéhﬁf’déﬁs ®5 cells

cul tured for 3 dgys égg;l,%@ g@&&gnéhélp%&egeﬁﬁmbhﬁﬁ oZbene amereisrecovered as
single cells after 20I ab

(gl tg (Logr 3Q:d nutes, and were
re- seeded in a 98t ‘%\e‘l"lmegllﬁ{’ Y AFERT Eheeh the &t fached ES cell's were
fixed withLFi xDeraggsolimgi ohat Hschel b&)piqlé@ir%bloén@é)l}ﬁﬁﬂ""?ci RLBEF with PBS,
af t Ier \é\h'ZCh t hey hweg emrgf%gcflt §Qcal/ﬂlffe|%aaﬂc'ﬁrt -;Bgdlﬁ)c;alahdbﬁiiyh@mtﬁ%ty Roche
Applie 5Sci enc O-fo i | ution i C

(Cy3) - | abel ed anﬁi)“ﬁrg FACK s rPeIrtﬁT“rllgfﬁ%r%gegr cﬁ‘%tggo‘{&%tho?@%@ 3n0
dilution). The celiffexricsi waertouwpdaiRethwreh: 2206 BiET rR)O mf)?ﬁ'ﬁ]yl i ndol e
( DAPI) of the E-cad-Fc plate cultured group and the ordinary

15 plate cultured group.

Next, the DNA synthesis of the ES cells was examined
using uptake of S-bromo-2'-deoxyuridine (BrdU} as the
index. ES cells cultured for 3 days under the conditions
described above were recovered as single cells after

20 labeling with BrdU (10 uM) for 30 minutes, and were re-
seeded in a 96-well plate. After 4 hours, the attached
ES cellé were fixed with FixDenat solution (Roche Rpplied
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 Immunoresearch
Laboratory) (1:1000 dilution). The cell nuclel 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 bhigher 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, c¢lose
colonies. Thus, when the three different murine ES cell
lines used in this experiment are cultured on an ordinary

RRAPRSNt was



solution (0.1 j.tg/nL). The anti body and dye stain i mages 30were observed
using an ArrayScan" system (Cellomcs). As a result, the E-cad-Fc

pl ate-cul tured group exhibited significantly higher BrdU uptake conpared to
the ordinary plate-cultured group (see Fig. 3B). It is known that ES cells
general |y undergo 35spontaneous differentiation after formng | arge, close
col onies. Thus, when the three different nmurine ES cell lines used in this
experinment are cultured on an ordinary plate, the col onies grow
excessively large and produce differentiat&d-cells with different

nor phol ogi es unl ess they are passaged every 2 or 3.days, Wen cultured on
an E-cad- Fc pl at efldiewetbe, cilondas Gitf |eg¢@53tlvgpy %%gg&cﬁg%é’ %bout once

ever 5-7 days if ¢ i u s reduced Nno excessive
col ony formation 1|"!Ef§|rf@%%€¢ﬁ%3§t%g%g 319'1% Qbﬁfg%ﬁﬁfsé‘}o\?%oiﬁ’ﬂ}@ﬁ ¥hesé cul turing

condi tions. Ther eftiYe 3LEnPHIHERt BV P Inkdeyher whbe d3taedd Srcyhtured on

E-cad- Fc platé mebeear-Reop Tdtei,r haenuli f ferant E@%ﬁ@ﬁ%% Esgxéng:ther ‘the
di spersed state andundiffergntiated s}t te of : mai nt ai ned
even after multiple Eassa ging, they Wraddalyr §é9jeé‘~alse?iim on the

plate, and the prioPpértvas ”cﬂ‘d”Fﬁér r@@blntol mg:eESxmlcbsoN\ﬁrie)raxamrﬂ%Q 15Fi rst,

ALP activity and ctaftfesénﬂtmﬂmtdebmw(pra%sglg,@}v@@rﬁd%a@% cffeJndices of
undi fferenti at ed &5Ragel s, | qhgggg to.confirmthe differentiated state of
the ES cells. ALP ac%'gw t Cred" RGP §P@th”‘D|“§@h’@)%’t itds Al kal i ne

Phosphat ase Kit ‘%&]tté‘FGQO?I} Asicag-Bcheled tnamdaJE@dcemehs: (E83 cell
and R1 cel 119 neSl)idmﬁf@rd?BSatbbesltaf@r exfine@de Wi QiiIBr;eaLIs%fi Yti gn
S ter

cont ai ni ng 66% agehen f; I ngd .rj s a Whl R t hey
were treated f(:)r 15 m%%@écs}g\%mg? é&t% gﬁ gglsﬁe ?Jﬁo%?ﬁ‘?af”élﬁq%@lerﬂne st ai ni ng

sol ution 25i ncl uded"wi 4% me Ei‘?l@f é’iaséé‘llw r ot Hone (memabed).sedhtal

Cct-3/ 4. protein &ipressi dmenasaexaninaechdyrbprrest o ryhrégre g%h%] ically,
cultured ES cell gswesel § lw‘éer‘@ wi i 8% for mal dehyde (Wako Pure cal

| ndustri es l@o Ltd.) .anc% hnsed W|th PBS, and then reacted with
LP activity and Oct-3/4 protein expression

were examined as indices of undifferentiated ES cells, in
order to confirm the differentiated state of the ES
cells, ALP activity was detected using a Sigma
Diagnostics Alkaline Phosphatase Kit (Sigma). After

20 rinsing the cultured ES cells {EB3 cell and Rl cell
lines) with PBS, they were fixed with citrate golution
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

25 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

30 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 ug/ml). The
antibody and dye stain images were observed under a
35 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



30 anti-Cct-3/4 antibody (product of Santa Cruz) (

with Al exa Fluor-I|abel ed anti body (Al exa-488, Mbdl ecul ar

dilution). The cel

The
35f | uorescent mcroscope (see Fig. 18). As a
(Fig. 4A) and Cct-3/4 protein expression (Fig, 4B)
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nucl ei were stained with DAP

(hereinafter, "gelatin plate"). 5Expression of Cct-
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14 days on the E-cad-Fc plate,
ES cells cultured on a plate coated withggel atin used as a control
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1: 200 dilution) and dyed
Probes) (1: 1000
solution (0.1 lig/nm).

anti body and dye stain i mages were observed under a

result, high ALP activity
were confirmed with the
simlarly to
group
3/4 and Rex-1/ Zf p42

ned. next. ES cells
FEAPUAYE were recovered
revicoa bl Eh Next , cDNA

GOMD MeLhad,ys 2 Mh'\éwlﬁm%&senéen@_qg@g pt ase

the porynerase chain
ification of each gene

35Cct - 3/ 4 Eappldsibeasi artsBze:and28: b/ 2 Bi4puienes :as

5' - GAAGTTGGAGAAGGT. [ BBLined nex

5 - &CTCATACTCTT&%%T(:?%% Qﬁ%gg e%& ) Tpamined, next- OBSS| ze: 930
bp) 2051- pri nerceld's- AMGF@@@(TMG@CG@X‘SB@B a"(eSEQ ?ﬁal\tb“ 8)ate foFi ner:

5' - TCCCATCCCCTTCGAATAGEAneXe (SE&r413cNand Gothang (asphichisced ivoangi ke: 710

bp) ml of TRIZOL (Invitrogen). Next, cDNA

10 a common nethod using M-MLV reverse tra
(Invitrogen), and this was used as a te
polymerase chain reaction (PCR) using t
primers for amplification of each gene
15 Qct-3/4

5'-primer:

[amplification size: 528 bp]

3'-primer: 5'
Rex-1 [amplification size:
5!
31

930 bp]

20 -primer:

-primex: 5’

Nanog [amplification size: 710 bp)

5'-primer:

25 3'-primer:

51 ~GARGTTGGAGRAGGTGGARCC-3!
~GCCTCATACTCTTCTCGTTGG-3!

5! -ARAGTGAGATTAGCCCCGAG-
~TCCCATCCCCTTCAATAGCA-

5'-GAGGARGCATCGAATTICTGG
5' ~AAGTTATGGAGCGGAGCAGC-

was synthesized by
nscriptase

mplate for the

he following
fragment.

(SEQ ID NO: 3)
{SEQ ID NO: 4)

3I
3l

5)
6)

{SEQ ID NO:
(SEQ ID NO:

3I
3l

1)
8)

(SEQ 1D HO:
{SEQ ID NO:

GBPDH (glyceraldehyde-3-phosphate dehydrogenase)

{amplification size: 858 bp]

5'-primer:

30 3'-primer: 5'
PCR was carried out using a TakaR
Cycler MP (TaKaRa), with TakaRa Taq (T

thermostable DNA polymerase. First, t

35 PCR reaction solution was heated at 94

5" -GGAAGCTTGTCATCAACGG-3'
~CTCTTGCTCAGTGTCCT TGO~

(SEQ ID NO: 9)
3t [SEQ ID NO: 10}
a PCR Thermal
AKARR) as a

he cDNA-containing

°C and then a

neating cycle of 94°C:30 seconds —¥ 59%°C:30 seconds ¥



-pri . 5' - GAGGAAGCATCGAATTCTGG 3" (SEQ ID NO 7) 253' -priner:
gl RL\IGﬁ,rATC;SACIIBGACISACI}M (SEQ I D NO 8) GAPDH(gl yceral dehlyde- S-phpsphate
dehydrogenase) (anplification si ZﬁI:O 88;3 28]3 Crer 5'-prinmer:

' - GGAAGCTTGTCATCAACGG 3' (SEQ I D NG -p P _
g' -CTCT‘I(%-IC-:TCAGTGTCCTTGC-S' ((SEQ ID NO 10) PCR was carried out using a
TaKaRa PCR Thermal Cycler MP (TaKaRa), with TaKa'I[?a. Tag (‘:I;égégAa e:(S:t ?on

tabl e DNA pol ynerase. First, the cDNA-containing ; .

ggfﬂwgn was heat gd gt 94C and then a heati*Ag-cycl e of 94C: 30 secondsSfQ_C. 3|0
seconds --> - 51 - 72C:. 60 seconds was repeated 22 tinmes, followed by fina

|4l & C. '[hg pr.oduct was
heating at 72C f0r725Cn6ml$teeSn@é’ldvatsh§B £OQ4I Y Ly £ 1Sy
el ectrophoresed on 1,5% ag_ar ose d ed with %Y R '§'eeh” ciCR TARK ) and

B¥n c‘bhélm@s:lml tte.are shown -
detected with Typh§8HB8600 ¢ r°§hanmanr;ge|m@
inFig. 5. The ESTtel PR mﬂotdu&ed,:m etlaetwqugggé@ g,glng?%g?%ﬁac&% Sh?V\qu___hl_g_h__
T ean educr el wBL loR G 0 by BERE LGy Gumhbas
u
flegm I!scagr egsoun& 5}Pt s hEs Ristsied epasiur ed on the E-cad-Fc pl ?the with
hi gh expression of Oct®i®d élsesRe&(s Jar@nthl@rﬂQQ P ng exfjjbited.in the

a were used to exam ne expreSS| on of
glr?fs:pgﬁt ?;t H)E HEP%&?%H;?Z'S fRfRany ofs ath‘é?&d‘é?nﬂ]””@@ﬂl‘@%nd endoder mal

| ©f¥sRnce of
Il's, such as NeﬁF‘Bﬁe%?l"@o?f1OCtT/3Br4aCWUT1yamEINana:g henag
g?et zpr otein and LEEnstityr ehgmfnbutntnee&hcft&sﬁec[ﬁ'eﬂ EQN s ORT Kergene

Il's cultured on
expression was foupdehdl therpresence, of LILE, ce gure
ei !toher the gelatin Piate or tﬁl %8& cad-Fe- ?%t"@reA’é"L@é’eHlm PReE¥esults in

s cultured on the E-cad-~Fc plate, with high
Figs. 4A, 48 ) o
expression of Oct-3/4, Rex-1 and Nanog being exhibited in
the presence of LIF. The same samples were used to
examine expression of differentiation marker genes for
15 neurons, mesodermal cells and endodermal cells, such as

NeuroD3 or Sox-1, T/Brachyury, Flk~-1, hemoglobin, o-
fetoprotein and transthyretin, but no differentiation
.marker gene expression was found in the presence of LIF,
for ES cells cultured on either the gelatin plate or the
20 E-cad-Fc plate. As seen by the results in Figs. 4A, 4B
and 5, it was confirmed that the E-cad~Fec plate-cultured
ES cells proliferated without forming colonies and
exhibited a different morphology than by ordinary
culturing, yet while maintaining their undifferentiated
25 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

30 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

35 detected by the same method described above, and the
proportion of colonies maintaining an undifferentiated



and 5, it was confirmed that the E-cad-Fc plate-cultured ES cells
proliferated without form ng colonies and exhibited a different norphol ogy
than by ordinary culturing, yet while maintaining their undifferentiated
25st at e. " It was then exam ned whether or not the reactivity of
E-cad-Fc plate-cultured ES cells for LIE 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 300-1000 WnlL LIF concentration w thout

passagi ng, and then both groups of cells s#ere reseeded on a gelatin plate
and cultured for another 3 days (wth a constant LIE concentration during
the cul turing peri.qd) P.activity. : .Gol eni formed on
the plates was 3%%3&‘_&’?%3‘?%%%”%2' saér%toxnégiggggels&?r%gg%jv%gog@h%;ﬁ t he
proportion of cotforifd§tned hitddi APHGHA Suldier PEFSHE 94t 8L 52 - state was
measur ed. Col oni‘amadsiftbr&MB aedrvity found in at least 80% O the cella

Were | Udged at bei hg .l yhed f farentiafed’. The ES, gells
gelatin plate had 5f gpgre o%eglrlgi é%gg,coldo%? ggebieﬁ%elhe% of the first 5 days
of culturiny, bufoHwdcersssigade cobaeiarelly tthat cedfdthe HIrshr b yWavsdged to be
differentiated ceflsitlibenES eel hs eulikuiat opséhadEtsad-chalplat e
proliferated wt. t..form | oni es i.nt,aj t hgir .di rsed state,
as 10in the prev?g%srlgxékg%?%%ﬁctg. Q%fcflefrt%rggns{}g ie%ilgé,&tel%é E%'ecg I(Zquﬁsl tured on
the ordinary platel el P00 Uttt @dptemrrat i tAfi HitadPHed ALP activity
in virtually all fefmingecedboindLandbtditaengr apeit idirpetsathdihfer ant i at ed
col oni es deggreased wdh.Lo L ng%etntr IQN &:ELg.c w1563 . The ES
cells cul tﬁér}ed on‘qt e Erca%%c f){?gfge e_f'or}g%ée%dré\sz%elg%?et to_maintain

undi f f er ent i at ed*ethardd FRFF3tac&NE ne ety tal Y1t 10 He YWBEoiifes, even

W th an LW concentm@dritant Dbn IQ0.ntkihed MA.Pi avtiibiity oim ofixrjprailliyf etlatdfon

potency with | owefe Ldd1 68EEMIALHAN, MAR -2 Q¥NGhai kb SeSiggegt ed t hat
culturing with cad- Fc pl at Itional, factors

an E p e all OV\‘i t he amount of gdd iy
necessary for ESCREPHr SREFCISLHIER 1aer 15 Fe TetGe& L ofpared to the
prior art #&Bthod§). The ES cells cultured on the E-cad-Fc plate

beforehand were able to maintain undifferentiated

‘characteristics in virtuwally all of the colonies, even
‘with an LIF concentration of 100 U/mL. ©No inhibition of
proliferation potency with lower LIF concentration was

20 found. This suggested that culturing with an E-cad-Fc
plate allows the amount of additional factors necessary
for ES cell growth, such as LIF, to be reduced compared
to the prior art methods.

It was next examined whether or not an E-cad-Fc

25 plate can be used for feeder-independent conditioning of
ES cells. ES/EG cells are usually passaged and
malntained by co-culturing with feeder cells, but their
feader~dependent culturing state can be conditioned to a
feeder-independent state. However, this reguires a high

30 density of ES cells and repeated passaging in medium
containing a high concentration of LIF {normally about 5-
to 10-fold). For example, in order for BES cells (R1
line) grown in a feeder-dependent state to be conditioned
to a feeder-independent state, it is necessary to seed at

35 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 pricr art

fced o the”



It was next exam ned whether or not an E-cad-Fc 25plate can be used for

f eeder -i ndependent conditioning of ES cells. ES/EG cells are usually
passaged and mai ntained by co-culturing with feeder cells, but their

f eeder - dependent culturing state can be conditioned to a feeder-independent
state. However, this requires a high 30density of ES cells and repeated
passagi ng i n nmedi um contai ning a high concentration of LIF (normally about
5- to 10-fold). For exanple, in order for ES cells (RL line) growm in a

f eeder - dependent state to be conditionedt Jd feeder-i ndependent state, it
is necessary to seed at 35a cell density of about 5.0 x 104 cells/cn2 and
add LIF at 1 x 108YUpeRdindoRevesllsi bn was Eposdiml plite aengiddion ES cells to
a feeder-independeshssiaicg 880 ide1th ri r r53 - seedi ng.ES cells
on an E-cad-Fc pl iltg g&% cel | dens??rp (anf‘?éi Oéstsé%ﬂgg)%%t@aé#dc%%saslgdf’ﬁg with
ESM containing 1 X 10 ALY 1T WS alsto cephbinefethathas &8 lsel | s

“'prepored in this Rapprredaddquistievininet ddeedafdigi FeRlindifdigiienti ated state

and pl uri pot&ncy. uixamd@ndi R [ i.f tiating ability of ES
cells cultured on E-cad-Fc pl ate@tIQ?év\ﬂjs% g%‘ﬁ%pfﬁcrglﬁi&{]'hat ES cel |l s passaged
mul tiple 10ti mes on an E-cad-Fc plate still have pluripotency. First, the
ES cel | s were sushe#ilen 4cubianiodtion tdfe dabsaneei ofingl Fotia thosmmn enbryoi d
bodies (ES), and t&g Progresst @ 8f.spgat A8QUS differentiation was

exam ned based on exprlettsglaon OTf,severai driterentiati on marker 15 genes.
Speci fi cal li/ in order t3°F o HAATES F1ént? HEES Rastspged POltéPls passaged
at |east 3 %9 nes bH&m om- eacEFadpFatelaver et ldc aues gd ukDpddaacor m of single

cells, and then argrapl ehecontailnk %@ngﬂﬂﬁom%{lgg@rﬁ?ﬁi\@hﬁ FIL gf
I N thAe hangi ng-drop

LIF-free ESM f or i ng-dr ul ture. The EB forne

culture was peri O:SI caiclgy?goﬁ%egtoe OHh @ "RRFPPPEHaP At iesn (BHd e DNA sy nt hesi s
wer e acconpl i shedPIRPAERELARE FPPhbisecdesdlfifzedn ibnvien RE BERel@ACt | ON was
conducted with thbasceDNA aspicaapbates ushBgh i kg skold@whng, PriLopLs. for

anplificatipon of &EHEE.”aéﬁé%iﬂ¥%Q?1§ff%%”%?éér 22 form an EB from the ES

cells, BS cells passaged at least 3 times on an E-cad-Ffc
plate were recovered in the form of single cells, and

then a droplet containing 500 cells was prepared in 15 ul
of LIF-free ESM for hanging-drop culture. The EB formed
20 in the hanging-drop culture was periodically collected
and RNA preparation and cDNA synthesis were accomplished
by the same methods described above. RT-PCR reaction was
conducted with this cDNA as template using the following
primers, for amplification of each marker gene fragment,

25
NeuroD3 (amplification size: 405 bp)
5'-primer: 5'-CATCTCTGATCTCGACTGC-3! (SEQ ID NO: 11)
3'-primer: 5'-CCAGATGTAGITGTAGGCG-3! (SEQ ID NO: 12)
30 Sox~1 {amplification size: 407 bpl

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'-TCCAGGTGCTATATATYGCC-3! (SEQ ID NO: 15)
3'~primer; 5 -TGCTGCCTGTGAGTCACAAC-T! (SEQ ID NO: 16)




NeuroD3 (anplification size: 405 bp] 51-priner; 5 -CATCTCTGATCTCGACTGC- 3'

(SEQ ID NO 11) 31-priner:

[anplification size: 407 bp) 51-prinmer: 5I-GCACACAGCGITTTCTCGG 3'

NO 13) 3'-priner:

5' - CCAGATGTAGITGTAGECG 3 (SEQ I D NGO 12) 30Sox-1

(SEQ I D

51- ACATCCGACTCCTCTTCCG- 31 (SEQ | D NO. 14) T/ Brachyury

(amplification size: 528 bp] 3551-priner: 51- TCCAGGTGCTATATATTGCC- 31 ( SEQ
ID NO 15) 3'-priner: 51- TGCTGCCTGTGAGICACAAC-31 (SEQ I D NGO 16)

Fl k-1 [anmplification size: 398 bp] 51-priner: 5I-TAGGTGCCTCCCCATACCCTGG 3

(SEQ I D NO

henogl obin [anplification size: 415 bp] 5I-priner:

51 - AACCCTCAAT
5' - TCAGTGGTACTT

GO TG

rinmer:

FEQ L NG 2 49)308 B
Si-primer: 5'-TAGGTGCCTCCCCATACCCTGG-3" (SEQ

1

3'-primer: 5'-TGGCCGGCTCTTTCGCTTACTG-3' (SEQ ID NO:

hemoglobin [amplificaticn size: 415 bp]
5'-primer: 5'-AACCCTCAATGGCCTGTGG-3' (SEQ ID NO: 19)
3'-primer: $'~TCAGTGGTACTTGTGGGACAGC~3' (8BEQ ID NO;

a—-fetoprotein [amplification size: 997 bp)
5'-primer: 51 -TGCTCAGTACGACARGGTCG~3" (SEQ ID NO: 21)
3t-primer: 5'-ACTGGTIGATGCATAGCCTCC-3' (SEQ ID NO: 22)

transthyretin [amplification size: 440 bp]
5t-primer: 5'-AGTCCTGGATGCTGTCCGAG-3' (SEQ ID NO: 23)
3t-primex: 5'-TCAGAGGTCGGGCAGCCCAGC~3' (SEQ ID NO:

The results are shown in Fig. 7. When LIF was
removed from the medium to induce spontanecus
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
endoderm {u-fetoprotein, transthyretin) was observed.
Even with the ES cells cultured on an t-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

si ze: 997 bp)
5 18)
10 20)
15
24)
20
25
30
35

cells that are stromal cells seeded beforehand on a
culturing plate can induce theix differentiation of ES
cells to neurons and/or cardiomyocytes (Yamane et al,,

54 -

17) 3l-prinmer: 5I-TGECCEECFCHTTCCCTTACTG 3" (SEQ I D NO 518)

a-fetoproteiﬂ)&8nplification



[ : 5" - CG3 (SEQID NG 21) 3'-priner: _
gl :R&%GA‘?’&X%(ICAI:GTI CéCSAC?é%TI D NO (22;? 15 transthyretin [anpli ];I cation
size: 440 bp] 5 -priner: 5 -AGICCTGGATCCTGTCCGAG 31 (SEQ I D NOth Zesul s
3l -primer: 51- TCAGAGGTCGGGECAGCCCAGC- 31 (SEQ ID NG 24) 20 - e
are shown in Fig. 7. Wen LIE was renpved fromthe nmediumto in uceOrdi .
spont aneous differentiation of the EB fromES cells cul turﬁd on anm d ersy
gelatin plate, expression of specific nmarker 25 genes of t rlezlekgir y
i ncl udi ng ectoderm (NeuroD3, Sox-1), nmescdéPnt (T/Brachyury, kL e
henogl obi n) and endoderm (a-fetoprotein, transthyretin) was ofs d B
with the ES cel | sMetiPeds dtplonBanl E-16ad2 6y, pnwe,&:ﬂm@&sk@lr%\?,l gggsc.t hr
Gel ati 0 pl ate groyp. n RS POCORIY o6 hap A L I et FRer Bt ate to
S tong oha ga%iog?' oty 225,58 Blsereduiitnets nonrons weeeeramdpert od & hat

co-culturing of ES* %ﬂ@t\ﬁoﬁthom exdEen el BAd 1tat 1 & &ngt FiuTal,
bef orehand of a cubtanfngentate %%é%%@io&%@sr ?Qé fefx%zrﬁgr% gtnl ggt gf ES
cells to neurons géq‘( car di ocg&es- nmene e al™ - _ 0 .
differentiate to ggrd% 0 us&e?ftg@/\ﬁ& exafitfietrlily ar s3E8t eed UsilhgtisT cg ds.
PA6 cells or ST2 eetaingdhdrbm obtkivneel ¥ rmank RIEN %dqu&ﬂ@fs}ﬂﬁéﬁ Seﬁs?n on
VEM (i £y ogen) nedt et (SHR DnaRe) Filt HhAG.Le O Bantfitm s "

i nt al o PBS, ou
$)I\</lt . gvizhlr Ogreg) rrg%‘ﬂ{?wo”%ﬂE?%‘aﬁrgg%%’ SIeAGYR o8k pEnings 19¥ éifds etor and t he
feeder cel |5 wer et%§ msedeedteecalilsh PRStans saedes mdig@Q) eel bsprer wel | .

On the, followi ngaslangibeceild uas PRG-I WamA BRL 368de 1 1, 59N, cont ai ning

20% Knockout SerL%@A%ﬂ% %%?ngﬁith PBS and seeded at 2000 cells per well,

On the. following day, the culture medium was replaced
with ESM containing 20% KnockOut Serum Replacement
(Invitrogen} for the neural differentiation system (PA6
feeder), and with ESM containing 10% FBS for the cardiac
differentiation system (ST2 feeder). The cells on day 12
of culturing were fixed with a 70% ethanol solution and
reacted with anti-Microtubule-Associated Protein-2 (MAP-
20 2) antibody (AB5622; Chemicon) or anti-sarcomere myosin
antibody (MF20; American Type Culture Collection) as the
primary antibody, and then with horseradish peroxidase-
labeled secondary antibody (Histofine Simple Staih PO (R}
or PO(M}); Nichirei Biosciences), and finally color
25 reaction was conducted using ACE (3-amino-9-

15

ethylcarbazole) substrate solution (Nichirei
Biosciences), after which Observation was performed with
an optical micrescope. 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 occurred
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 FS cells seeded on ST2



15(I nvitrogen) for the neural differentiation system (PA6 feeder), and with
ESM cont ai ning 10% PBS for the cardiac differentiation system (ST2 feeder).

The cells on day 12 of culturing were fixed with a 70% et hanol sol ution and

reacted with anti-M crotubul e-Associated Protein-2 (MAP- 20 2) anti body

(A35622; Chem con) or anti-sarconere nyosin antibody (M20; American Type

Culture Collection) as the primary anti body, and then wi th horseradi sh

per oxi dasel abel ed secondary anti body (Hi stofine Sinple Stain PQQR) or

PO(M; Nichirei Biosciences), and finallysgol or 25reacti on was conduct ed
using ACE (3-ami no-9- ethylcarbazole) substrate solution (N chi rei

Bi osci ences), after which observatjon was 8 orrred n al

ni croscope. The T&d@ £8T%F% c§ﬁémﬁ°#ﬁ“ﬁ? exrﬁ% aﬁé QT’IQ 2 tu ed on an

ordi nary gel at i nfypivatdey30erfe cséemmdmgonaﬁd\@hsetm@ aﬁél@?letsh‘é%@ cul turing

_conditions, colofgsdhorpgd Ligearst Z@le0@§ﬁf1‘6ﬁ?$@yt\&| h@r}tehesa:ai(@sdareye Wi thin

“a few days of culturi™n and at . a norphol ogl cal -
change had occur F¥Fife Bﬁ?ﬁréryeﬁPSh?aetdm@eﬁ){ast ég?‘n% % '}%gl stinct neurite

35structures Thedteidrenwentedtinongtar Jiosieinest orDJIfIﬁerﬂél}la@mOIitreimltér VAP- 2,
i ndi cating that ﬁéslgaﬁé ﬁﬁ:{iléarl?ﬂgmgbéJ&%E%é ahsd édmrm@am@a usm@ ES cells

seeded on ST2 forned Il col oni es elﬁlﬁl bitjin onom)us
beating from day*® &F €4}t Y eARP @R @Y Fe dghies® ?‘3 Tongly

positive for thetlardainumpboyteiprar Kiesses axeonmest iy osspli el earl y indicating
that the ES cell &Mgl]éqkéfﬁ{aecmaba&@m 9\ GLAbRBIOGY b aS-rcDb i@y ent i at i on
car

i nto neurons and ocytes was al so confirnmed when using the ES cells
cul tured oh%an Er%"a%PAfF(Fhﬁllét%mr&PﬁF?%W '8 YHecontrol group. These
experinental results The teradennfistniie abhhityESE celd £Scudtlsr @dson an

E-cad-Fc plate 19&%%)[61{&1 BQQ& r 9& QEEQ@&%M¥ 4 bt Q‘omprlsln-ﬁh@etal
teratona-formng a It

Y 0 s ‘was_ex xt, Ateratoma is a
tunor, conprisi ng™f &t r&nﬁl?‘fﬁ’teﬁrérﬂ‘s@}fég ?‘?‘%‘nﬁ?‘ﬁ & 03 TMI°Gyers of
endoderm mes ode masadrekve end des trpdewhi ckh i i@rﬁwde@\h@?ﬂE@Sd@lﬂﬁ e

15 transplanted into an animal such as a mouse, and

teratoma-forming ability is used as an indicatox of the
pluripotency of ES cells.
ES cells (EB3 line) were seeded on a gelatin plate
‘and an E-cad-Fc plate and passaged 5 times every three
20 days. The ES cells were injected into Balb/c¢ nude mouse
testes (approximately 200 cells each) by a conventional
method, and on day 60, teratoma formation was found in
all of the ES cell-transplanted testes, with no
noticeable difference in tumor size between the gelatin
25 plate-cultured group and the E-cad-Fc 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

3¢ different neuron wmarkers (SIII?tubulin, GFAP,
neurofilament M, GAP-43), mezsodermal tissue/cell _
formation including bone, cartilage and skeletal muscle-
like tigsue and endodermal tisgsue/cells including
intestinal and bronchoepithelial-like tissue, and

35 therefore the BES cells cultured on E-cad-Fc plate were
confirmed to have maintained teratoma-forming ability,



“"ti'ssue and epdoder tlssue/ce

15transpl anted into an animal such as a nouse, and teratoma-formng ability
is used as an indicator of the pluripotency of ES cells. ES cells (EB3
line) were seeded on a gelatin plate and an E-cad-Fc plate and passaged 5
times every three 20days. The ES cells were injected into Bal b/c nude nouse
testes (approximtely 200 cells each) by a conventional nethod, and on day
60, teratoma formation was found in all of the ES cell-transplanted testes,
with no noticeable difference in tunor sizé67between the gelatin

25pl ate-cul tured group and the E-cad-Fc plate-cultured group. Al so, upon
preparing tissue SREhpPNS D¥xan COMNRA HFtJBQEIePA‘-Cko;?E \V0g; & %fh gtol ogy,
the teratomas of Qo j ferm ' ymir- i ncl udi ng
epi dermal -1 i ke tisste yai Ve ol A 30d|fferent

neur on markers (III-tUbuhmﬁ dEEﬂﬁunmauwmﬁmbamﬁnhemhsQﬁ@$4§éd;mﬁ§ e mal
tissue/cell formtg i€l udgn e e . nd sk Ietal _nmuscl e- I|ke

br onchoepi t hel i al ke s§§ece]a]rﬁj @5?’ h‘"effléf ket fakEs fG“@tﬂI @haculatnured on
E-cad- Fc pl at e werellkokt mﬁeﬂrcbmemawzeclﬁeddﬂtainr&ﬂ therAlOBR1ORNI Ng ability.
- 57 - Exanple 5: sExaip f i formng-apili of ES cells

cul tured on V-cad-Pc pIgz;'?:}aﬂ(J?ﬁt)gv‘\‘/l!aesqst(]l g?%%n@' ne \ﬁ%e?ﬁie p% E2 ettt *pdaged
multiple tinmes on ‘érP]@li?adaP@ s @2pe1gadns chinesr avexy hnge Shlyisl. i ty ES
cel|'s (EB3 cell |The)Es aledhsfwan tihgesoste iaed loshet/ Ofnchbo 28 3LOF

confirmed tophave (g miaatorm4 t rne seeded on a Iatln Dl ate
and E-cadFc plate ﬁﬂad er e ﬁ%sgglgghg%f¥ﬁﬁglgbery BEY dFONTIRIES cel | s

were injected int o TH7HFS ﬁﬁﬁ§§ﬂ6P5§@05V§t%mﬂGWapaﬁ%ypﬁateIy 100 cells
each) by an ordi neggudnstchgdan@rictR mice (8-10 weeks old) and brought to

parturition. C57BL/6 mice are normally black-haired, but
some newborn individuals will have ES cell-derived
15 agouti-colored hair on a portion of the body (5-80%); a

total of four such chimeric mice were obtained from the
ES cells cultured on a gelatin plate, and a total of
seven were obtained from ES cells cultured on an E-cad-Fe
plate,

20 The chimeric mice were then crossed with normal ICR
mice to produce offspring to econfirm 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-F¢ plate

25 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

30 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 toe allow

35 genetic distinction between the 1295V mice derived from
ES cells and the CS57BL/6 mice used for chimeric mice
generation and cross~breeding. As a result, in



these were transplanted into the uteruses of pseudopregnant ICR mce (8-10
weeks ol d) and brought to parturition. C578L/6 mce are normally

bl ack- hai red, but some newborn individuals will have ES cell-derived
15agouti-colored hair on a portion of the body (5-80%; a total of four
such chineric mce were obtained fromthe ES cells cultured on a gelatin
plate, and a total of seven were obtained fromES cells cultured on an
E-cad-Fc plate. 20The chinmeric mce were then crossed with normal IcR mce
to produce offspring to confirmthat the BS—cell-derived coat col or was
transmtted to the next generation. Fromtwo chineric nmale m ce generated
by transpl ant ati ondiofidaSleetiagaul teine@eomn a@nk: Ladoker Huat en 25t here were
obtained 14 and 17, pu espectiv i e |ver,

exhi bited ES cel%g er?%g éc%gfxgglg?ﬂjng% W@n§|V?§h§ﬁ°t%¥:§ﬁFTﬁ%b t he coat
col or of the 05788N% AftEBIWhie abl asf d@ysmls?r\@éﬁéeldsléé R Me681'92s Anal ysis of

nouse Straln-Speebind a3 GL.osaiBiplLY b enyrr Keirs +ROCOMHT ARl t hat these

|nd|V|duaIs had er| d fromthe ES cells

SpeC|f|caIIy, ge%%%%cQ%%QS (nléﬁafnéﬁwFr%ﬂ%gag ‘VwﬁﬁéuF%ﬁlg%d%al by a
conventi onal mnet EeHl g seleot owetntekosdt &ty ta HE?K@PEMBWDhﬂ?ZXNEmNﬂt116
D7M t 276 and D10Whé Jxﬁﬁvamsem@lastee@tae@leirp aak 0w Bbgenat-kgeddissti nction between

the 129SV mce d rkvqgnggnkESCpe s.and %h§1%£2h§%g e used f or

OuTl onf 1rmyn 1
chimeric nice geharation and efosSehEdd A resu STERnes et

i ndi vi dual s thou@ﬁ?“tﬁ?aﬁﬁmétﬁﬁi@énéb?%aééﬁvﬂﬂﬁéﬂﬁon by ES ceIIs based on
coat colori@#1-114 in the photograph), the same pattern for all of the

m crosatellite Wasy Qﬂﬂgt§§n“%§ _ ) fher hand,

i n 5individual s

coat color (115- £%8 s "‘teboth the C578L/6 nouse pattern and
the ES ceII-speC|f|cJpammebntmamlfmanmmiwoniun@bﬂ@pmmahetﬁnmES cell s genes

had been transm ttgdiiQ to.h@ssag iowl gz d;%ansl&rEé@nmeesép Exaukaali on of
gene transfgr rate in Eg ; ul'tured on E-cad:Fc
vector pE -N2 (Clontech) into ES cells that had been

cultured for 3 days on a gelatin plate or E-cad-Fc plate.
Single cells were recovered after one day, and were
reseeded in a 96-well plate. After 4 hours, the adhered
ES cells were fixed for 10 minutes with an B% formalin
20 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 (Nacalal Tesque), dyeing was
performed using Alexa Fluor 546-labeled anti-rat IgG

25 antibedy. The cell nuclel 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

30 ordinary plate-cultured group, showing that the E-cad-Fc¢
plate-cultured ES cells had a higher gene transfer
efficiency and/ox expression efficiency than the
ordinary-cultured ES cells (see Fig. 10}.

35 Example 7: Preparation of human E-cad-Fe protein and

examination of usability

In order to construct a vector expressing a fusion



A conventional nethod wi th Lipofectam ne 2000 (I nvitrogen) was used for
transfer of the CGET expression 15vector pEG-P-N2 (C ontech) into ES cells
that had been cultured for 3 days on a gelatin plate or E-cad-Fc plate.
Single cells were recovered after one day, and were reseeded in a 96-wel |
plate. After 4 hours, the adhered ES cells were fixed for 10 mnutes with
an 8% formalin 20solution, and they were then treated with a 0.2% Triton
X-100/ PBS solution and an Inage-i T EX sign® -enhancer (lnvitrogen). After
rinsing with PBS and reaction with anti-OFT nonocl onal anti body (Nacal ai

Tesque dyei ng wasofarf aFnegk Usin 4 nt| t 19gG
25agt| %)odyy Thg C %&ﬁﬁjkgm% Etgaé\ln?éﬁ\?mﬂt#%&%&nﬁp%l gr%gg /n1_)g

The anti body and d ErnbT e TIBL v @8 Wsioag-Be) AcP @/ﬁmmTM system
(Cellonics). As athedwmpn suegmdiscaall ywahiyien Bxpy 8331 omsohs&FRaas found

_in the E-cad-Fc ptaf=cdl tUF ednOn@uP 4 a4 N tDHEE%Q%E‘g pary plate-cul tured
group, show pg thaf the E- ad Fc gl ate-cultur

transfer efficien y re{:r?épfw BPri€seriP &t cisdhdyes Haf®t hesogitiy By - cul t ur ed
ES cells (see Fi gthal@ytra3sEkhnipireddmaPr epanataiop-@fdhBurmnnE-cag- Fc protein

and exam nation pfpjusabictdt Yeont? QY HL M HE C vect or _ex ressing a
fusion -59 - protei r}tof th ecol;lrraﬁ @%ag Ce)r}lfcggé%érjeace&f “Ar rlé apn and

| gG& Fc (herei nafter iefar e 1% §EPFHRELAA- ‘Ffﬂtorcwaﬁﬁﬁ?ﬁ tthe Mﬁfﬁht squanous
cel | carcinona |iffysage nertivsed as Rxamehpliate Forstanpl |prCGﬁE‘.4&'&i~0f a DNA

f ragnment (t@rresmndcag £ Bu A MoRO0 /G 1 (1, o ) .,.cqdi ng faor, the
extracel | ul ar Q«a%f ﬁunarﬁﬁog;d eﬁrj)lrrji%daq?gg #ngz V?th%% concfaicﬁ' m ng t he
|

T e%FciOr’ffjbn%ﬁoeYbﬁ" deshemh dpserdrectdnt ai ni ng

nucl eoti de sequence was
the 1gd Fc sequen%’é‘“ﬁéﬁtioned in Exanple 1 to construct pRC-hE-cad- 10Fc.

Construction and puri hidsesian .:-@]tj bf@ll\f%%&ronhﬁfCrﬂﬂflnECEé’"ac%li‘gconp' I shed
according to the é@%ﬁhgglg§?¥Hl ?ates coated with the hE~-cad-Fc protein
15 (hereunder, "hE-cad-Fc plates”) were examined., The
method.of preparing the hE-cad-Fc plates was the same as
described in Example 2 above, Specifically, a PRS-
diluted solution of the hE-cad-Fc¢ protein was poured into
untreated polystyrene culturing plates and treated for
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. Also, 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 cells

were also maintained, as with culturing using murine B-
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

s had a higher gene



Exampl e 1. Adhesi on and proliferation of nurine ES cells on cell

culturing plates coated with the hE-cad-Fc protein 15(hereunder, "hE-cad-Fc

pl ates") were exam ned. The nmethod of preparing the hE-cad-Pc pl ates was

the sane as described in 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 20coatrng everni ght at 37C, for use as

hE- cad- Fc plates. Wen ES cells (EB3 and Rl |ines) were seeded in the

pl ates, strong adhesi on was exhi bited as when using plates coated with

muri ne E-cad- Fc i ee i d+Pc pl ates

failed to form2 édl st ﬁ(c?& Zq%gﬁ}:gg %\%elﬁ%i&ds g{?qs Q%g;’é]ﬁ’ogg%%lae 55 and the

i ndi vi dual cel | s¥§¥% Sheervamtt of peagtiera %’r@pé?’sleﬁ' Bl aeei ¥

p][ ol ihf ergti nlgI sta(bell(dalg cﬂﬂi:)urﬁﬁ@em%ﬂlﬁﬂmf f e][l'ehﬁﬁﬁaﬁﬂﬁll St eneaned pjfurl pot ency
of the ES cells e a t.h _culturin rlneE-

"""" 30cad- Fc plates. terﬁlgné?n tl?l ¢ab fﬁmiem EEANRLEN Sy 9e§%e39§% ng nethod

of the invehti oan Hlslraﬁ@%ﬁfﬁl eLen leééu%‘é*plalrﬁ%@teéh@ strgniEledss, such as

ES 35cel I's, effi Eirﬁﬂtﬂeyreaﬁdo@@x@ré%ﬁﬁl gaet M t QUh1Usi MG cheesiam cel I's.

Mor eover, since d;) Eﬁlesmmca%n $ c:caa’},lnbbe cu.il tu efd in a dispersed

state, passagi ng Shd EerPUes rRLBVERY e acilitated. It is

al so possible toW%‘i‘}tF@éoﬂh@t me}mls othHeéc@i)rfsmF;m:WadéYLl F that are added to

liquid cul turingaieginemeibBedddilbony, doheyie) Rodiofiet Reoinvention al | ows

efficient ansf d-.genes 5i nt ur| otent si em, cells such as
ES cells, %é\d al ?Eée enqgg{:%?e}lellggu?me%( 5Y&sEon ® earréeo #ﬁ furi pot ent

stem cel | s pr oduEE%lr'WWOt ﬁEéc%ﬂaﬁﬁé%u%%ﬂrPnbér WRGHivEEY ef"é?-“?ﬁﬁ@@u@f-l on of
various types of vhrnais @agbldlogically active substances or novel gene

products of unknown function.

Tt is to be understood that, if any prior art
15 publication is referred to herein, such reference does
not constitute an admission that the publication forms a
part of the common general knowledge in the art, in
Australia or any other country.
In the claims which follow and in the preceding
20 description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise” or variations such as
“comprises” or *“comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated
25 features but not to preclude the presence or addition of
further features in various embodiments of the invention.



differentiated cells by applying suitable known 10differentiation-inducing
systens, and are useful for pharnmacol ogical evaluation or activity

eval uati on of various physiologically active substances or novel gene
products of unknown function. It is to be understood that, if any prior art
15publication is referred to herein, such reference does not constitute an
adm ssion that the publication fornms a part of the common general - know edge
in the art, in Australia“or any otfer-country.- In the clains which follow
and in the precedi ng 20descti ptipanGT i1y nvention, except where the
context requires otherw sé due to express |anguage or necessary
inplication, the word "conprise" or variations such as "conprises" or
"conpri si ngiig>s mseehil BudRcy MehMEI V& SeRise, 1.e. to specify the presence of
the stated 25features but not to preclude the presence or addition of
further features in various enbodi nents of the invention. (110> Daii chi

stein cells <130> DS1Y-R678/ PCT (005-02W)- 1)
<130> DSTY-R678/PCT (£P05-02W0-1)

<160> 24

170> Patentin version 3.1

210> 1

211> 882

<212> PRT

<213> Human E-cadherin

<220>

<221> BOMAIN
<222» (1587)..(262)
<223> EC1

220>

<221> DOMAIN _
222> (265),.(375)
223>  EC2

<2207

<221 DOMAIN

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

<2207
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<160> 24 <170> Patentln version 3.1 <210> 1 <211> 882 <212> PRT <213> Hunman
E- cadherin <220> <221> DOVAI N <222> (157)..(262) <223> ECl <220> <221>
DOVAI N <222> (265)-(375) <223) EC2 <220> <221) DOVAI N <222) (378)..(486)
<223> EC3 <220> <221> DOVAI N <222> (487).,(595) <223> EC4 <220> <221>
DOVAI N <222> (596) - (700) <223> EC5

<221> DOMAIN

<222> (487)..(595)
223> RC4

<2205
<221>  DONAIN

<222> (596)..(700)
223> EC5

<400> 1

Met Gly Pro Trp Ser Arg Ser Leu Ser Ala Leu Leu Jeu Leu Leu Gln
1 5 10 15

Val Ser Ser Trp Leu Cys Gln Glu Pro Glu Pro Cys His Pro Gly Phe
20 25 30

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

Gly Arg Yal Leu Gly Arg Val Asn Phe Glu Asp Cys Thr Gly Arg Gln
50 55 60

Arg Thr Ala Tyr Phe Ser Leu Asp Thr Arg Phe Lys Val Gly Thr Asp
65 70 75 30

Gly Val IYe Thr Val Lys Arg Pro Leu Arg Phe His Asn Pro Gln Ile
85 90 95

2721



<400> 1 Met Ay Pro Trp Ser Avg Ser Leu Ser Ala Leo Leu Leu Leu Leo G n
151015 Vval Ser Ser Trp Len Cys Gn GQu Pro Au Pro Cys Hs Pro Ay Phe
202530 Asp Ala G u Ser Tyr Thy Phe Thy Val Pro Avg Avg His Leu A u Avg
354045 Gy Arg Val Leu Gy Arg Val Asn Phe Qu Asp Cys Thy Ay Avg G n
505560 Avg Thy Ala Tyr Phe Ser Leo Asp Thr Avg Phe Lys Val (fly Thr Asp
65707580 Gy Val Ilse Thy Val Lys Avg Pro Leo Arg Phe H's Aso Pro Gn lle
859095 Hi s Phe Len Val Tyr Ala Trp Asp Ser Thr Tyr Arg Lys Phe Ser Thr
100105110 Lys Val Thr Len Asn Thr Val Ay Hs Hs Hs Arg Pro Pro Pro Hi s
115120125 G n Ala Ser Val Ser Ay Ile Gn Ala Gn Leu Lou Thr Phe Pro Asn

130135140 Bey %Py G¥ HoUeAl Gofde B 1Y3-£19.40 SIPyyal 1ie Pro Pro
100 105 110 -

Lys Val Thr Leu Asp Thr Val Gly His His His Arg Pro Pro Pro His
115 C 120 125

Gln Ala Ser VYal Ser Gly Ile Gin Ala Glu Leu Leu Thr Phe Pro Asn
130 135 140

Ser Ser Pro Gly Leu Arg Arg Gln Lys Arg Asp Trp Yal 1le Pro Pro
145 150 155 160

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

Gln 1le 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
095 230 235 240

3/



Val
Ile
Gn
Arg
Asn
Gn
Ser
Al a

145150155160 Ile Ser Cys Pro Gn Asn Qu Lys Gy Pro Phe Pro Lys Asn Len

165170175 G n Ile Lys Sec Asn Lys Asp Lys Gn Ay Lys Val Phe Tyr Ser
180185190 Thr Ay Gn Ay Ala Asp Thr Pro Pro Val Gy Val Phe Ile Ile
195200205 Arg G n Thr Ay Trp Leu Lys Val Thr Gu Pro Lou Asp Arg G n
210215220 Ile Ala Thr Tyr Thr Lou Phe Ser His Ala Val Ser Ser Asn Gy
225230235240 Ala Val Qu Asp Pro Met Qu Ile Leu Ile Thr Val Thr Asp
Asn 245 250 255 Asp Asn Lys Pro Gu Phe Thr Gn GQu Val Phe Lys Gy
Val Met 260265270 Gu Gy Ala Leu Pro Gy Thr Ser vVal Met Gu Val Thr
Thr Asp 275280285

Ala VYal Glu Asp Pro Met Glu Ile Lev Ile Thr Val Thr Asp Gln Asn
245 . 250 255

Asp Asn Lys Pro Glu Phe Thr Gln Glu Val Phe Lys Gly Ser Val Met
260 265 270

Glu Gly Ala Leu Pro Gly Thr Ser Val Met Glu Val Thr Ala Thr Asp
275 280 285

Ala Asp Asp Asp Val Asn Thr Tyr Asn Ala Ala Ile Ala Tyr Thr lle
250 295 ‘ 300

Leu Ser Gln Asp Pro Glu Leu Pro Asp Lys Asn Met Phe Thr Ile Asn
305 310 315 320

Arg Asn Thr Gly Val Ile Ser Yal 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 1le Thr Val Thr Asp Thr
355 360 365

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



Ala Asp Asp Asp Val Asn Thr Tyr Asn Ala Ala Ile Ala Tyr Thr Ile 290295300
Leu Ser G n Asp Pro Qu Leu Pro Asp Lys Asn Met Phe Thr lie Asn
305310315320 Arg Asn Thr Ay Val Ile Ser Val Val Thr Thr Gy Leu Asp Arg
A u 325330335 Ser Phe Pro Thr Tyr Thr Leu Val Val Gn Ala Ala Asp Leu G n
Gy 340345350 Au Ay Leu Ser Thr '[hr Ala Thr Ala Val Ile Thr Val Thr Asp
Thr 355360365 Asn Asp Asn Pro Pro Ile Phe Asn-Pro Thr Thr Tyr Lys Ay Gn
Val 370375380 Pro Qu Asn Qu Ala Asn Val Val Ile Thr Thr Leu Lys Val Thr
Asp 385390395400 Ala Asp Ala Pro Asn Thr Pro Ala Trp Qu Ala Val Tyr Thr
Il e Leu 405410415 Asn Asp Asp Ay Gy Gn Phe Val Val Thr Thr Asn Pro Val

Asn Asn 42}914)2514\3981?‘3}%Ci13é Adrevievaly$e THE Tht 3ekU§sFaY BEUspSP Phe Gu A a
Lys G n 43;4404 550 395 400

Ala Asp Ala Pro Asn Thr Pro Ala Trp Glu Ala Val Tyr Thr Ile Leu
405 410 , 415

Asn Asp Asp Gly Gly Gln Phe Val Val Thr Thr 4sn Pro Val Asn Asn
420 425 430

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

Gln Tyr JIle Leu His Val Ala Yal Thr Asn Val Val Pro Phe Glu Val
450 455 460

Ser Leu Thr Thr Ser Thr Ala Thr Yal Thr Val Asp Val Leu Asp Val
465 470. 475 ' 480

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

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

Pro Asp Thr Phe Met Glu Gln Lys lle Thr Tyr Arg Ile Trp Arg Asp
515 520 525
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Gn Tyr Ile Leu Hs Val Ala Val Thr Asn Val Val Pro Phe G u Val 450455460
Ser Len Thr Thr Ser Thr Ala Thr Val Thr Val Asp Val Leu Asp Val
465470475480 Asn Gu Ala Pro Ile Phe vVal Pro Pro Gu Lys Arg Val Qu Va
Ser 485490495 G u Asp Phe Ay Val Ay Gn GQu He Thr Ser Tyr Tin Ala G n
G u 500505510 Pro Asp Tin Phe Met Gu Gn Lys lie Tin Tyr Arg Ile Trp Arg
Asp 515520525 Thr Ala Asn Trp Leu Qu Ile Asn Pro Asp Thr Ay Ala Ile Ser
Thr 530535540 Arg Ala Qu Leu Asp Arg Gu Asp Phe Au H's Val Lys Asa Ser
Ti n 545550555560 Tyr Thr Ala Leu Ile Ile Ala Tin Asp Asn Ay Ser Pro Val
Ala Thr 565570575 Gy Thr Ay Thr Leu Leu Leu Ile Leu Ser Asp Val Asn Asp
Asn Al a 58083b50@skrTopl llea PLo I1& WsiPPeo Arsg THRIG1Y | aPlie Rhelieys G u Arg Asn
Pro Lys 59560Q8§5 535 540

Arg Ala Glu Leu Asp Arg Glu Asp Phe Glu His Val Lys Asn Ser Thr
545 550 555 560

Tyr Thr Ala Leu Ile Tle Ala Thr Asp Asn Gly Ser Pro Val Ala Thr
565 570 575

Gly Thr Gly Thr Leu Leu Leu Ile Leu Ser Asp Val Asn Asp Asn Ala
580 585 590

Pro 1le Pro Glu Pro Arg Thr Ile Phe Phe Cys Glu Arg Asn Pro Lys
535 600 - 605

Pro Gln Yal 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 1le
625 630 635 640

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

Ala Leu Glu Yal Gly Asp Tyr Lys Ile Asn Leu Lys Leu Met Asp Asn
660 665 670

6/21



Pro Gn Val Ile Asn Ile Ile Asp Ala Asp Leu Pro Pro Asn Thr Set 610615620
Pro Phe Thr Ala Qu Leu Thr Hs Gy Ala Ser Ala Asn Trp Thr Ile

625630635640 G n Tyr Asn Asp Pro Tin Gn GQu Set Ile Ile Leu Lys Pro Lys

Met
Asn
Oys
Ay
Len
Al a
Asn
Phe

645650655 Ala Leu Qu Val Gy Asp Tyr Lys Ile Asn Leu Lys Leu Met Asp
660665670 G n Asn Lys Asp G n Val Thr Thr Len G n Val Ser Val Cys Asp
675680685 G n Ay Ala Ala Ay Val Cys Arg Lys Ala Gn Pro Val Qu Al a
690695700 Len Gn lle Pro Ala lle Len Ay lie Len Ay Ay Ile Len Ala
705710715720 Len Ile Len Ile Leu Lou Leu Let Leu Phe Len Arg Arg Arg

Val 725730735 Val Lys Qu Pro Len Len Pro Pro G n Asp Asp Thr Arg Asp

Xg:o ;g@;gg;ggm;@ﬁm VAT TS B A0, G v %Oy By 4G4, @ N Asp Gn Asp
675 b&0 685

Glu Gly Ala Ala Gly Val Cys Arg Lys Ala Gln Pro Val Glu Ala Gly
690 695 700

Leu Gln Ile Pro Ala Ile Leu Gly Ile Leu Gly Gly 1le Leu Ala Leu
705 710 715 720

Leu Ile Leu Ile Leu Leu Leu Leu . Leu Phe Leu Arg Arg Arg Ala Val
725 730 735

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

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
785 790 795 300

Pro Ala Asn Pro Asp Glu Ile Gly Asn Phe Ile Asp Glu Asn Leu Lys
805 810 815

7/2



Lou
Asn

Ser Gn Len Hs Arg Ay Len Asp Ala Arg Pro G n Val Thr Arg 770775780
Asp Val Ala Pro Thr Len Met Ser Val Pro Arg Tyr Len Pro Arg

785790795800 Pro Ala Asn Pro Asp Clu lie Ay Asn Phe Ile Asp G n Asn Len

Lys
Val

Len
Gn
Gn

805810815 Ala Ala Asp Thr Asp Pro Thy Ala Pro Pro Tyr Asp Ser Len Leu
820825830 Phe Asp Tyr Gn Ay Ser Ay Ser Gn Ala Ala Ser Leo Ser Ser
835840845 Asn Ser Ser G n Ser Asp Lys Asp G n Asp Tyr Asp Tyr Len Aso
850855860 Trp Ay Asn Avg Phe Lys Lys Len Ala Asp Met Tyr Ay Ay Qy
865870875880 Asp Asp <210> 2 <211> 884 <212> PRT <213> Muse E-cadherin

<220>

Ala Ala Asp Thr Asp Pro Thr &la Pro Pro Tyr Asp Ser Lewv Leu Val
820 825 830

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

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

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> HMouse E~cadherin

220>
<221> DOMAIN
<222> (159)..(264)
(223> EC1

<220>

<221> DOMAIN

222> (267)..(377)
223> EC2
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- <221> DOMAI N <222> (159)..(264) <223> ECl <220> <221> DOVAI N <222>
(267)..(377) <223> E02 <220> <221> DOVAI N <222> (380) (488) <223> EC3
<220> <221> DOVAI N <222> (489)-(597) <223> EC4 <220> <221> DOVAI N <222>
(598) (702) <223> EC5 <400> 2 Met Ay Ala Arg Cys Arg Ser Phe Ser Ala Leu
Leu Len Leu Len G n 151015 Val Ser Ser Trp Len Cys Gn Gn Len Gn Pro Gn

Ser Cys Ser Pro 202530 Ay Phe Ser Ser Qu VvVal Tyr Thr Phe Pro Val Pro G n
Arg Hi s Len '

@20
<221%_ DOMAIN.. . ..o

<222>  (380)..(488)
<223>  E(3

220>

<221> DOMAIN

222> (489).. (597}
<223 EG4

(220>
<221> DOMAIN

€222>  (598)..(702)
293> 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 25 30

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

Glu Arg Gly His Val Leu Gly Arg Val Arg Phe Glo Gly Cys Thr Gly
50 55 60
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354045 Gu Arg Ay H's Val Leu Ay Arg Val

Arg Phe G n Ay Cys Thr Ay
505560 Arg Pro Arg Thr Al a Phe Phe Ser

G u Asp Ser Arg Phe Lys Val Ala

65707580 Thr Asp Gy Thr Ile Thr Val Lys Arg His Leu Lys Leu His Lys Leu
859095 G u Thr Ser Phe Leu Val Arg Ala Arg Asp Set Ser His Arg Qu Leu
100105110 Ser Thr Lys Val Thr Leu Lys Ser Met Ay Hs Hs Hs Hs Arg Hi s

115120125 Hi's His Arg Asp Pro Ala Ser Qu Set Asn Pro Qu Leu Leu Met Phe
130135140 'Pro Ser Val Tyr Pro Gy Leu Arg Arg G n Lys Arg Asp Trp Val Ile
145150155160 Pro Pro Ile Ser Cys Pro Gu Asn u Lys Ay @u Phe Pro Lys

Asn -165170175 Leu Val Gn Ile Lys Ser Asn Arg Asp Lys Qu Thr Lys Val Phe
Tyr 180185190 Ser Ile Thr Ay Gn Gy Ala Asp Lys Pro Pro Val Ay Val Phe

I1e .
Arg Pro Arg Thr Ala Phe Phe Ser Glu Asp Ser Arg Phe Lys Val Ala

Thr Asp Gly Thr Ile Thr Val Lys Arg His Leu

85 90

Glu Thr Ser Phe Leu

100

Val Arg Ala Arg Asp Ser

105

Ser Thr

Lys VYal Thr

115

Leu Lys Ser Met Gly His

120

His His

130

Arg Asp Pro Ala

Ser Glu Ser Asn Pro
135

Pro Ser Val

145

Tyr Pro Gly

150

l.eu Arg Atg Gln Lys
155

Pro Pro Ile Ser Lys Pro

165

Glu Asn Glu Lys Gly
170

Leu Val Gln Ile Lys
-~ 180

Ser Asn Arg Asp Lys Glu

185

Ser 1le Thr Gly Gin Gly

195

Ala Asp Lys Pro PFro
200

10/21

His Lys Leu
95

Lys Ley

Ser His Arg Glu Leu

110

His His
125

His Arg His

Glu Leu
140

Leu Met Phe

Arg Asp Trp Val Ile

160

Glu Phe Pro Lys Asn
175

Thr Lys Yal Phe Tyr
190

Val Gly Val Phe Ile
205

.80



195200205 10/ 21
Asp Arg
Ser Asn

Gu Gy

Ile Al a
Met Phe
Ser Gy
Ala Al a

Tyr

Phe 260265270 Yal

Il e Val

Ile Qu Arg Gu Thr Ay Try Lou Lys Val
210215220 Au Ala Ile Ala Lys Tyr
225230235240 Ay Gu Ala Vval

Ile Leu Tyr
Gu Asp Pro Met Qu Ile Val
p 245250255 G n Asn Asp Asn Arg Pro A u Phe Thr Gn Pro Val
Ala du dy Ala Val
Al a 275280285 Thr Asp Ala Asp Asp Asp Val
290295300 Thr
Tin 305310315320 Val

Ser

Pro Gy Thr Ser Val
Asn Thr Tyr Aso Ala Al a
Ser Gn Asp Pro Qu Leu Pro His Lys Asn
Asn Arg Asp Thr Gy Val
Lou Asp 325330335 Arg Qu Ser Tyr Pro Tin Tyr Thr Lou Val
Asp Leo 340345350

Ile Glu Arg Glu Thr Gly Trp Leu Lys Val Thr Gln Pro Leu Asp Areg

210

Glu Ala 1le
225

Gly Glu Ala

Gln Asn Asp

Yal Ala Glu

275

Thr Asp Ala

290

Thr
305

1le Val

Yal Asn Arg

Arg Glu Ser

Ala Lvs

Yal Glu
245

Asn Arg
260

Gly Ala

Asp Asp

Ser Gln

Asp Thr
325

Tyr Pro
340

R2E

Tyr Tle Leu

230

Asp Pro Het

Pro Glu Phe

Val Pro Gly

280

Val Asn
295

Asp

Asp Pro Glu

310

Gly Val 1le

Thr Tyr Thr

Tyr Ser His Ala
235

Glu 1le Val
250

[le

Thr
265

Gln Pra Val

Thr Ser Val Het

Thr Ala

300

Tyr Asn

Pro His
315

Leu Lys

Ser Val Leu
330

Thr

Leu Val Val
345

Gln

11/2}

Tin Gn Pro Lou
H s Al a Val

Il e Ser Val

Yal Ser Ser Asn
240

Thr Val Thr Asp
255

Phe Glu Gly Phe
270

Lys Val Ser Ala
285

Ala Ile Ala Tyr

Asn Met Phe Thr
320

Ser Gly Leu Asp
335

Ala Ala Asp Leu
350



11/21 Gn Ay Gu Ay Leu Ser Thr Tin Ala Lys Ala Val Ile Thr Val Lys
355360265 Asp Ile Asn Asp Asn Ala Pro Val Phe Asn Pro Ser Tin Tyr An Gy
370375380 G n Val Pro Gu Asn Au Val Asn Ala Arg Ile Ala Tin Leu Lys Va
385390395400 Tin Asp Asp Asp Ala Pro Asn Thr Pro Ala Trp Lys Ala Val Tyr
Thr 405410415 Val Val Asn Asp Pro Asp Gn Gn Phe Val Val Val Tin Asp Pro
Thr 420425430 Thr Asn Asp Ay Ile Leu Lys Thr Ala Lys Ay Leu Asp Phe G u
Al a 435440445 Lys Gn Gn Tyr Ile Leu Hs Val Arg Val Qu Asn Gu Gu Pro
Phe 450456460 G u Ay Ser Leu Val Pro Ser Thr Ala Thr Val Thr Val Asp Va
Val 465470475480 Asp Val Asn Gu Ala Pro Ile Phe Met Pro Ala Gu Arg Arg
Val G u 485490495 12121

Gln Gly Glv Gly Lew Ser Thr Thr Ala Lys Ala Val Ile Thr Val Lys

Asp Ile Asn Asp Asn Ala Pro Val Phe Asn Pro Ser Thr Tyr Gln Gly
370 375 380

Gln Val Pro Glu Asn Glu Val Asn Ala Arg Ile Ala Thr Leu Lys Val
385 390 395 400

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 Vel 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 Ile Leu His Yal Arg Yal 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 Val Asn Glv Ala Pro Ile Phe Met Pro Ala Glu Arg Arg Val Glu
485 490 495
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Val Pro Qu Asp Phe Ay Val Ay Gn Gn Ile Thr Ser Tyr Thr Al a 500505510
Arg Gu Pro Asp Thr Phe Met Asp G n Lys Ile Thr Tyr Arg Ile lip 515520525
Arg Asp Thr Ala Mh Trp Len Gn Ile Asn Pro Gn Thr Ay Ala Ile 530535540
Phe Thr Arg Ala u Met Asp Arg Gn Asp Ala Gn Hs Val Lys M 545550555560
Ser Thr Tyr Val Ala Len Ile Ile Ala Thr Asp Asp Gy Ser Pro Ile 565570575
Ala Thr Ay Thr Ay Thr Len Leo Len Val Leu Len Asp Val Asn Asp 580585590
M Ala Pro Ile Pro Gn Pro Arg Asn Met G n Phe Cys G n Arg Asn 595600605
Pro Gn Pro His Be lie Thr Ile Len Asp Pro Asp Len Pro Pro Asn 610615620
Thr Ser Pro Phe Thr Ala Qu Leo Thr Hs Ay Ala Ser Val Asn Trp
625630635640 13/ 21

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

Arg Glu Pro Asp Thr Phe Met Asp Gin Lys Ile Thr Tyr Arg Ile Trp
515 520 ‘ 525

Arg Asp Thr Ala Asn Trp Leu Glu Ile Asn Pro Glu Thr Gly Ala Ile
330 535 540

Phe Thr Arg Ala Glu Met Asp Arg Glu Asp Ala Glu His Val Lys Asn
545 550 855 560

Ser Thr Tyr Val Ala Leu Ile Ile Ala Thr Asp Asp Gly Ser Pro Ile
565 570 575

Aia Thr Gly Thr Gly Thr Leu Leuv Leu Val Leu Leu Asp Val Asn Asp
580 . 585 590

Asn Ala Pro 1le Pro Glu Pro Arg Asn Met Gln Phe Cys Gln Arg Asn
585 600 605

Pro Gln Pro His Ile lle Thr 1le Leu Asp Pro Asp Leu Pro Pro Asn
610 615 620

Thr Ser Pro Phe Thr Ala Glu Leu Thr His Gly Ala Ser Val Asn Trp
625 630 635 640
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Thr Ile G n Tyr Asn Asp Ala Ala Gn Qu.Ser Len Ile Leu Gn Pro 645650655
Arg Lys Asp Len Gn lle Ay GQu Tyr Lys Ile Hs Len Lys Len Ala 660665670
Asp Asn G n Asn Lys Asp G n Val Thr Thr Len Asp Val H's Val Cys 675680685
Asp Cys G n @y Thr Val Asn Asn Cys Met Lys Ala Ay Ile Val Al a 690695700
Ala Gy Len Gn Val Pro Ala lle Len Ay Ile Len Ay Ay Ile Len

705710715720 Ala Len Len |lie Leu Ile Len Len Len Len Len Phe Len Arg Are
Arg 725730735 Thr Val Val Lys G n Pro Len Leu Pro Pro Asp Asp Asp Thr Arg
Asp 740745750 Asn Val Tyr Tyr Tyr Asp Gn Qu dy Ay Gy Gn Gn Asp Gn
Asp 755760765 Phe Asp Len Ser Gn Len Hs Arg Ay Leu Asp Ala Arg Pro G n
Val 770775780 14/21 Thr Arg Asn Asp Val Ala Pro Thr Leu Met Ser Val Pro

Gn TYr A'Qhy [1e Glu Tyr Asn Asp Ala Ala Gln Glu Ser Leu Ile Lew Gln Pro
845 & 655

Arg Lys Asp Leu Glu 1le Gly Glu Tyr Lys Ile His Leu Lys Leu Ala
660 665 670

Asp Asn Gln Asn Lys Asp Gln Val Thr Thf Leu Asp Val His Val Cys
675 680 , 685

Asp Cys Glu Gly Thr Val Asn Asn Cys Met Lys Ala Gly Ile Val Ala
690 635 700

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

Ala Leu Leu lle Leu 1le 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 Yal Tyr Tyr Tyr Asp Glu Gluv 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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785790795800 Pro Arg Pro Ala Asn Pro Asp u Ile Ay Asn Phe Ile Asp GQu
Asn 805810815 Len Lys Ala Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp Ser
Lea 820825830 Lea Val Phe Asp Tyr Qu Ay Ser Ay Ser Gn Ala Ala Ser Lea
Ser 835840845 Ser Len Aso Ser Ser G n Ser Asp Gn Asp Gn Asp Tyr Asp Tyr
Len 850855860 Asn G n Trp Gy Asn Arg Phe Lys Lys Len Ala Asp Met Tyr Gy
Ay 865870875880 Ay G n Asp Asp <210> 3 <211> 21 <212> DNA <213>

Oct -3/ 4,size 528 4,53Priner <400> 3 <210> 4 <211> 21 <212> DNA

Thr Arg Asn Asp Val Ala Pro Thr Leu Met Ser Val Pro Gln Tyr Arg
785 ...t o796 800

Pro Arg Pro Ala Asn Pro Asp Glu Ile Gly Asn Phe lle Asp Glu Asn
805 810 815

Leu Lys Ala Ala Asp Ser Asp Pro Thr Ala Pro Pro Tyr Asp Ser Leu
820 325 ) 830

Leu Val Phe Asp Tyr Glu Gly Ser Gly Ser Glu Ala Ala Ser Leu Ser
835 340 845 '

Ser Leu Asn Ser Ser Glu Ser Asp Gln Asp Gln Asp Tyr Asp Tyr Leu
850 3565 860

Asn Glu Trp Gly Asn Arg Phe Lys Lys Leu Ala Asp Met Tyr Gly Gly
865 870 875 80

Gly Gluv Asp Asp

210> 3

211> 21

<212> DNA

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

<400> 3
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<213> Cct-3/4,size 528 bp, 3' prinmer <400> 4 gcctcatact cttctcgttg g21 <210>
5 <211> 20 <212> DNA <213> Rexl,size 930 bp, 5 priner <400> 5 aaagt gagat
tagccccgag20 <210> 6 <211> 20 <212> DNA <213> Rexl, size 930 bp, 3)pri ner
<400> 6 tcccatcccc ttcaatagca20 <210> 7 <211> 20 <212> DNA <213> Nanog, si ze
930 bp, 5 prinmer <400> 7

gaagltggag aagetggaac ¢ 21

210> 4
<212> DNA

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

<400> 4
gecteatact ctteotegtteg g 21

<210> 5

211> 20

<212> DNA

<213> Rexl,size 930 bp,5 primer

400> 5
aaagtgagat tagccccgag 20

210> 6
211> 20
<212> DNA
‘ <213> Rexl,size 930 bp,3 primer

<400> &
tcecateecee ttcaatagea 20

210> 7

211> 20

<212> DNA

<213 Nanog,size 930 bp,5'primer

400> 7
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gaggaagcat cgaattctgg20 <210> 8 <211> 20 <212> DNA <213> Nanog, size 930
bp, 3' prinmer <400> 8 aagttat gga geggagcage20 <210> 9 <211> 19 <212> DNA
<213> GAPDH, si ze 858 bp, 5 priner <400> 9 ggaagcttgt catcaacggl9 <210> 10
<211> 20 <212> DNA <213> GAM size 858 bp, 3' priner <400> 10 ctettgctca
gtgtccttgec 20 <210> 11 <211> 19 <212> DNA <213> NeuroD3, size 405 bp, 5" pr
mer <400> 11 catetctgat ctcgactgc

gaggaageat cgaattetgg ' 20

210> 8
211> 20
<212> DNA

<213> Nanog, size 930 bp,3'primer

<400> 8
aagttatgga geggageage 20

210> 9

<211> 19

<212> DNA

<213> GAPDH,size 858 bp,5 primer

<400> 9
ggaagettgt catcaacgg 19

210> 10
211> 20
212> DNA -
<213> GAPDH, size 858 bp,3 priumer

<400> 10 ,
ctcttgctea gtgteettge 20

210> 11

211> 19

212> DNA

<213> WNeuroD3, size 405 bp,5 primer

400> 11
catctetgat ctegactge 19

17/21



19 <210> 12 <211> 19 -212>--TNA <213> NeuroD3, size 405 bp, 3' priner <400>
12 ccagatgtag ttgtaggcgl9 <210> 13 <211> 19 <212> DNA <213> Soxl, size 407
bp, 5 prinmer <400> 13 gcacacagcg ttttctcggl9 <210> 14 <211> 19 <212> DNA
<213> Sox1, size 407 bp, 3" prinmer <400> 14 acatccgact cctettcccl9 <210> 15
<211> 20 <212> DNA <213> T/Brachyury, size 528 bp, 5' priner <400> 15
tccaggtgct atatattgcc20 <210> 16 <211> 20 <212> DNA <213> T/ Brachyury,
size 528 bp, 3'priner <400> 16 tgagectgt gagtcacaac20

<210> 12
211> 19

<213> NeuroD3, size 405 bp,3'primer

<400> 12
ccagatgtag tigtaggcg 19

<210> 13

211> 19

<212 DNA

<213> Soxl, size 407 bp, 5 primer

cA(0y 13
gcacacagceg ttttctege 19

210> 14

211> 19

<212> DNA

<213> Sox1, size 407 bp, 3 primer

<400> 14

acatccgact cetettecc 19

210> 15
{211> 20
<212> DNA
<213> T/Brachyury, size 528 bp, 5’primer

400> 15
tccaggtget atatattgec 20

18/
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<210> 17 <211> 22 <212> DNA <213> Flkl, size 398 bp, 5 priner <400> 17
taggtgcctc cccataccct gg22 <210> 18 <211> 22 <212> DNA <213> Fl kl, size 398
bp, 3" priner <400> 18 tggccggctc tttcgecttac tg22 <210> 19 <211>.19 <212>
DNA <213> beta-Hl1l size 415 bp, 5 Priner. <400> 19 aaccctcaat ggcctgtggl9
<210> 20 <211> 22 <212> DNA <213> beta-111, size 415 bp, 3' primer <400> 20
tcagtggtac ttgtgggaca gc22 <210> 21 <211> 20 <212) DNA <213> al pha-fetopro
ein, size 997 bp,5 Priner <400> 21 tgctcagtac gacaaggtcg20 <210> 22 <211>
20 <212> DNA <213> al pha-fetoprotein, size 997 bp, 3 priner <400> 22

Q10> 16 -
212> DNA

(213> T/Brachyury, size 528 bp, 3’primer

<4007 16
tgetgectgt gagteacaac ' 20

210> 17
211> 22
<212> DNA

<213> Flk1, size 398 bp, 5 primer

400> 17
taggtgectc cccatacect gg ' 22

210> 18
211> 22
<212> DNA

<213> Flk1, size 398 bp, 3 primer

400> 18
tggeegecte tttegettace tg 22

210> 19
211> 19
<212> DNA
(213> beta-H1, size 415 bp, 5'primer.

400> 19
aaccctcaat ggeetgteg 19
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actggtgatg catagcctcc20 <210> 23 <211> 20 <212> DNA <213) transthyretin,
size 440 bp, 5 prinmer <400> 23 agtcctggat gctgtccgag20 <210> 24 <211> 21
<212> DNA <213> transthyretin, size 440 bp, 3 priner <400> 24 tcagaggtcg
ggcageccag c21 61 CLAIM 1. A nethod for augnmenting proliferation
potency of pluripotent stemcells which exhibit a normal karyotype,
characterized by growing said pluripotent stemcells in a dispersedstate
while maintaining their undifferentiated state and pluripotency, using a
i quid nmediumand a culturing vessel having i mopbilized or coated on a
substrate solid phase surface a nol ecul e belonging to the cadherin famly,
wi t hout using feeder cells. 2. The nethod of claim1, wherein said
growing is ¢ofpilgyed by transferring a gene into stemcells. 3.The nethod
of clain11<%algnbgcule bel onging to the cadherin

<213> beta-W1, size 415 bp,3 primer

<400> 20
tcagtgatac ttgtgggaca go 22

210> 21
P21 20
<2125 DNA
<213> alpha-fetoprotein, size 997 bp,5 priper

400> 21
tgcteagtac gacaaggteg ' - 20

<210> 22
<211> 20
212> DNA

213> alpha-fetoprotein, size 997 bp, 3’ primer

<400> 22
actggtgatg catagectee 20

210> 23
{211> 20
<212> DNA
<213> transthyretin, size 440 bp, 5 primer

400> 23
agtcctggat gotglcdgag _ 20
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or a nol ecul e which has structural nolecule, which conprises the Ed 1
domai n and one or nore donmains fromanong the EC2 domai n, EC3 donmain, EC4
domai n and EC5 domai n of E-cadherin, and which has honophilic binding

ability with said pluripotent stemcells. 4. The nmethod of claim3,
wherein said E-cadherin is derived froma manmal . 5. The net hod of
claim4, wherein said E-cadherin is derived froma human or nopuse. 6.

The nethod of any one of clains 1 to 5 wherein the nolecule belonging to
the cadherin famly is fused with an i mmunogl obulin Fc region and is

i mmobi | i'zed on said substrate solid phase surface via said Pc region.

7. The nethod of any one of clains 1 to 6, wherein Said pluripotent stem
cells are gannalian enbryonic stemcells (ES cells) or enbryonic germcells
(EG ceIIs)<.10> 24 g Pl uri potent stemcells produced by the nethod of any
one of claRmsy 1210 7. 9. The method of claim11, or pluripotent stem

cellTs of Céﬁ%ﬁ]®$%Sﬂb§fahfiarly”és'héféihbéfdfé”deSCfTbéd[““Ffﬁ“TéFéTéhCé'““”m
an

to the acé g exanpl es and/or figures.

<213> transthyretin, size 440 bp, 3 primer

400> 24
tcagaggtcg ggeageceag ¢ ' 21
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61

CLATMS

1. A method for augmenting proliferation potency
of pluripotent stem ¢ells which exhibit a normal

karyotype, characterized by growing said pluripotent stem

undifferentiated state and pluripotency, using a liquid
medium and & culturing vessel having immobilized or
coated on a substrate solid phase surface a molecule
belonging to the cadherin family, without using feedex
cells. '

2. The method of claim 1, wherein said growing is
followed by transferring a gene into said pluripotent
stem cells,

. 3.  The method of claim 1 or 2, wherein said
molecule belonging to the cadherin family is E-cadberin,
or a meolecule which has structural homology with said
molecule, which comprises the ECl domain and one or more
domains from among the EC2 domain, EC3 domain, BC4 domain
and ECS5 domain of E-cadherin, and which has homophilic
binding ability with said pluripotent stem cells.

4 The method of claim 3, wherein said E-cadherin
is derived from a mamwmal.

5. The method of claim 4, wherein said E-cadherin
ig derived from a human or mouse

6. The method of any one of claims 1 to 5, wherein
the wmolecule belonging to the cadhexin family is fused
with an immuncglobulin Fo¢ region and is immobilized on
said substrate solid phase surface via said Fc region.

7. The method of any one of claims 1 to 6, wherein
‘said pluripotent stem cells are mammalian embryonic stem
cells (ES cells) or embryonic germ cells (EG cells).

8. Pluripotent stem cells produced by the method
of any cne of claims 1 to 7.

9. The method of claim 1, or pluripotent stem
cells of claim 8, substantially as hereinbefore

described, with reference to the accompanying examples
and/or figures,

cells—in—adi spers-e'd“ state-while ma intaining--t-he-i-r“'"'"""""-"""——"—- T



