; 1234e3eazz[ " "zdabaTai DESCRI PTI ON BASE MATERI AL FOR CULTURI NG EMBRYONI C
STEM CELLS AND CULTURE METHOD TECHNI CAL FI ELD The present invention rel ates
to a culture base material for enbryonic stemcells, a cﬂmMﬂmmmmﬁwwﬂw usi ng
the culture base material, and a culture apparatus using base
material. More specifically, the present invention provides Xdsa+base
material, a nethod, and an apparatus for culturing undifferentiated
enbryonic stemcells in the absence of feeder cells or feeder cell-derived
conponents. The present inventioprgarIbPerapplied to the fields of cel
culture, tissue transplantation, drug devel opnent, and gene therapy. 15
BACKGROUND ART Internal organs and tissues that receive inj ury in the form
of an externally caused wound, disease, aging, and the |like nust be

regener at ed BXSE @A TERIAINEHOR fCPCTURING ENMBRYONEC t $TEM aCELBS NERD t he
internal organs such as the heart, liver, kidney, and pancreas are

i ndi spensable to |ife-support, CHETURE METH@Mal decrease or abolition
directly results in death. Medical transplantation is actively perforned to
save §i vEENWISAJar IEdénspl ant. However, a new approach is necessary for 25

the solution due to the constant shortage of donors. Tissue
The present invention relates to a culture base material

for embryonic stem cells, a culture method using the culture
base material, and a culture apparatus using the culture base
material. More specifically, the present invention provides
10 a base material, a method, and an apparatus for culturing
undifferentiated embryonic stem cells in the absence of feeder
cells or feeder cell-derived components. The present
invention can be applied to the fields of cell culture, tissue
transplantation, drug development, and gene therapy.
15
BACKGROUND ART
Internal organs and tissues that recelve injury in the
form of an externally caused wound, disease, aging, and the
like must be regenerated to restore their functions. 1In
20 particular, since the internal organs such as the heart, liver,
kidney, and pancreas are indispensable to life-support, their
functional decrease or abolition directly results in death.
Medical transplantation is actively performed to save lives
by organ transplant. However, a new approach is necessary for
25 the solution due to the constant shortage of donors. Tissue
transplants from a non-heart beating donor and

heterotransplantation have been proposed as countermeasures.
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transplants froma non-heart beating donor and heterotranspl antati on have
been proposed as count er neasures. These net hods, however, have serious
probl enms. For exanple, the former has a problemof tissue preservation and
the latter has problens of heterogenic imunity and pat hogeni c organ
inmport. For this reason, the concept of regenerative nedicine has cone
under close scrutiny in recent years . The concept of the term
"regeneration” has already been known during the 20th century relating to a

means. fO&FEQQf 88h08s { NS S9SN STl & HAWRIs iHdenenld Y POeSeaRg1bY
i ndi vi dual's. The appflcatlon of ‘this concept to therapy has been

undert akgfe Abrhde HYL88ptoBDethidre tilieiet PLe2d Bt a €0h WM hae beetereached,
however, the concept has been devel oped to the extent that the target is to

produce hhsspgesbaBfisObganstb@ogeppkeirnuniagt antgpathbyeadtci vegati | i zati on
of stemcells, whereby the defects of organ transplant can be overcone. The
speci fi cilhpbget cobeot enjilsatedséb, ithd eonrepease ragdrdidafrdrvenhedieistem cel | s
having a grow h capacity higher than functional cells. The differentiated
st emTel hasacenesedidmreloekl stranspy dimt recefdr yaatrsfi kg comvseptuefi on of
organs together with artificial supporting tissues. The constructed organs
are transpeaheend 1ragenena riPP0 Hesdréseady beer kprwy dugisdathend @r nal
organs. The problens with the conventional transplant treatnment including
aut ot r anSERANENt F6A2SGEE 48 & BeRP&i £o6f 1PFESAEiBY 6PGaREISPRERTLNEI I
removal from a donor and shortagf of ,donor.s, are exgected t.,0 be overcone, if

the st enPOUPEsIRRGE SRt LEPOS SEESFERY AGAIVHEUSS St r e AP RERP FCA HE L F |

t I .and ' ing. St | | ti in th li cati
Lo Sueh AP PoGPRERD CvePar i SEBYGIRH 198 it 1t &l gl & SR Rumans. 2|
and gglentifiedrll 2paushel dbrlieh0%.3UeReas 000 MesItlee Metes. bl ood,
cartilage; pone, liver,” “and pancréas. "Anong Sstem cel’l s, the €nbryonic stem

cel | s “hi%Rggpﬁuﬁggegggggd%%ghggeel%eieageegtggkl%hs%ngﬁgf%s&aekiage into

al most al es and are expecte be used not only in the

above- deser ihedyiceC @ASLUG! e BRYa0a! thl @hubplltent! 3@ 50 J2gaal @yt 0 easily
provide cell's and tissues useful for drug devel opnent and gene therapy.

Enbryoni gcstiem el sz4bessidakicen ceies| athdiems theSidfesel I proane
di scovered for the first tine in mce as an
transplant can be overcome. The specific target contemplated
15 is to increase and differentlate stem cells having a growth
capacity higher than functional cells. The differentiated
stem cells are used for cell transplant or for artificial
construction of organs together with artificial supporting
tissues. The constructed organs are transplanted into living
20 bodies and used as artificial internal organs. The problems
with the conventional transplant treatment including
autotransplantation such as a deficit of tissue or organs after
their removal from a donor and shortage of donors are expected
to be overcome, if the stem cells can actually be used for the
25 treatment of the cell transplant and organ engineering.

Stem cells prospective in the application to such a

treatment were discovered from experimental animals and humans



established cell line that can be cultured in test tubes in an
undifferentiated state while maintaining the differentiation potency into
various individual formative tissues (Evans et al. , Nature, 292, p 154,
1981) . The culture 15 potency of the ES cells can be maintained by formng
normal enbryos and chi nera enbryos whil e preserving the potency of
differentiating into all adult mature cells . The ES cells can al so produce
various cells under in vitro differentiation induction conditions. Cells

formng Lo vduel p:anesfeg | NefhdP SEOMLUG: Thask £p1blasasyibatigovi at e

from enbryobl asts (inner cell nasses or ICM or epiblasts in the bl astocyst

phase . lo-Lbis 5ePsg, thecenbguobbaaks (heM  apddephhbashs.cammbegsaid to
be stem cell gfoups possessing toti potency. The ES cells are cul tured and

separ at edtEnaitine LEM oMb Aot Bramndd ¢ ke 12 arglisbierenidsatetlssiate. ES
cells have high differentiation potency and contribute to normal fetal

gener at i pnubypbeentngebhs | yarerdirffesrehtiatdl iciiomelacenbaydscehlvlen. Mature
cells originating fromES cells are detected in all internal organs of

adul t . t¥pestdicbare exypented be bESi ol he tamel yée e dlbove-descpbbedt stem
cells. On the ot her hand, ES cells can be differentiated into many 5 cel
groups suehonstbhobtdveempdicaadr fiatdpubbkeatep| 0 BReplial tausesdliel | s,

and nerve cells by operating the culture systemin vitro. In recent years,
ES cel | PravsdettRtls ma FheSHBAESS RN} SORadEUGaY DRI s REE IThese ES

cell Iines were reported to 10 have the same pluripotency as the nouse ES
cells (CEF?FéPES cells : Schellander et al . , Theriogenology, 31 ( p 15-17

, 1989 ; ES || St | 33 ,
1690 ; shoey EETERMORL G Rl ot 1 oo re LAt hAr Lt 't B B g
-19217)&23”5%% ge S%’%%L*Tﬁc’s DO%E%CQW? tthﬁr fer%th Ie0|ché“c}i%és€|Js‘5 si249’2 1388
7844, 19gg§agg£gﬁaaEgE§lcﬁhhg .Thersan BL eh%tgrgaohﬂgxggg Prgdyctjon, 55,

p 254, 1 cel Thonson et al Cl ence 1145, 1998,
Reubi nof §, hefnal £rerMRAkULE B QLEER, w%giepmﬁggtaggng t#@ To ”a'nta'n ES

cells in an undifferentiated state, the | s must be cultured together

wi th fibpeklkasts tekitdonaborentkoinrer RVEJr1fo©tsu&€1$ilaridﬁ1%§.d@orﬁﬁ|ﬂ137e A
simlar nmethod is used to maintain ES cell lines of the primate in an

undi f f er eakicaked (Bvahe etThansoNathral .292 Prot54Nat981)AcadheScaltBa, 92, p
7844, 25 1995, Thonson et al., Science, 282, p 1145, 1998, Reubi noff et
al ., 1Nat ppeeBicgt e€hth&#8ESpc8?2s 2800pbe maintheseelSbyelfbroihpunermefhods
using the feeder cells, 4
embryos and chimera embryos while preserving the potency of
differentiating into all adult mature cells. The ES cells can
also produce various cells under in vitro differentiation
induction conditions. Cells forming individuals are derived
20 from the first epiblasts that deviate from embryoblasts (inner
cell masses or ICM) or epiblasts in the blastocyst phase. 1In
this sense, the embryoblasts (ICM) and epiblasts can be said
to be stem cell groups possessing totipotency. The ES cells
are cultured and separated from the ICM while maintaining the
25 undifferentiated state.
ES cells have high differentiation potency and

contribute to normal fetal generation by forming early embryos



however, the process for culturing the ES cell lines is conplicated and
time consum ng. More recently, exanples of endogenous virus infection anong
animals in different species have been reported (van der Laan et al.,

Nat ure, 407, p 90, 5 2000) . Devel opnent of a culture nmethod for nedical
application in which human ES cells are used while avoi ding cell contact
anong aninmals of different species is, therefore, desired. As a nethod for
culturing ES cells while naintaining the undifferentiated state w thout

feeder ¢ hhschf%%%g @ﬁgﬂ;\éfﬂygnwi@@pulﬁaw&edhémg%f i hh g& Rl Bshas been

known. Thi's net ver, requires addition of a Teukema inhibitory
factor (LbR)stOr& et eoh W1 SAtERnBl Gtgande¥. adiDts, s tRede 1987) |
whi ch invol ves high cost and difficult proéﬂct quality control. The nethod,
t her ef or eea6anBOt the BPPd1at aeelbebargetsqsd equigirintostelncaddsti on, the
effect of LIFis limted to specific types of mce such as 129/sv and
C57BL/ 6. OA rtasabkabrehehtiecESi sehdts exhi bet ddffarenhéategpéstof mange and
animals in other species. A nmethod for culturing ES cells of prinmates

wi t hout 2eldigesipy sushngs bédeder cekl § s deaslidicpubeta aedder t edeléapanese

Pat ent Application Laid-open No. 2001-17163). However, since the addition
of secretmussleonpbhentzndingmtaiceddgsbyfope bt bRy sthe cHEUTE sYFESHedi umi s
i ndi spensable in this nethod, the problem of the above-nenti oned endogenous
virus rerdd ¥¢t¥% .unsol ved. Cell culture methods using culture nedia
cont ai ning porous carriers have al so heen kno%gﬁgza anese Pat ent

Appl i cations LAMFEFERTNGEEDHOEE12RDE710R5. ©5 t Sﬁ%"“z"tﬁ)ﬁ?irg?zel).
These culture. et hod d cul.ture bas terial.s, however, can _be.only

appl i ed %‘8V§p88uef‘i SSi%?gi%sg?ddif SR At L ariiies N\éﬁrt%éFpg%gﬁr&t iPe met hod
nor lture b ri : | ture [ i tem il e
presggviﬁﬁ%thﬁgoF?bgt§§%§Eﬁ§ge%§gn%%n%%ﬁ gggfgggrgéib séﬁgébiﬁwgb THE

| NVENTI qbj e.prosenty [ S t91provi lotgur e 10
base nafg%ﬁgﬁ'cggggﬁégggggaﬁgfﬁ“ﬁo#&%%é%g%hgpg éngahf9§fﬂﬁﬁ§ig?gPéntiated
enbr yoni ¢,:31 881 GEI 18, s roldkube ATl hathrQlo YN C 381 gl | 3 ovlai;l e

mai ntai ning enbryonic stemcells in an undifferentiated state; and a

cul ture apRaAkice \MtenaREgSiashrysuti dnebhaspsvamadisedias, thesbgeder 15
cells, growth of undifferentiated nultipotential enbryonic stemcells can

be thoughtost7g hamsease Egarcklly shy Dblee satidiahi et afl .t,h®@egonpanént,s 12r7oduced by
nouse enbryo fibroblasts to the culture nmedium whereas the feeder cel

| ayedSof ot h24f il &h] asheysES areslilder Edomeohoenad .suPface Netvi ngcad20
configuration and characteristics suitable for adhesion of enbryonic stem
cells . Gmit.-aBBRAef92 he @B8Bryoh? 25 streanmees¢ts B cR1iRe Themeen &l Rlsurface is
predicted to stinulate the growh of the enbryonic stemcells while being
mai nt ai n&d 9P InCEFRIFE R abéd Bitte. 1 BAGed WP RE DOV FREFISCM on, the

25 inventors _of the present_invention_haye conduct ext ensi ve studi es of
several At 8ri-al SCABBEE t 7?2 eff &t 2uf l|9r§;ént E?Hpﬁﬁogge Undife @%uir% ed

state of undifferqnaledy, 2000).

20 To maintain ES cells in an undifferentiated state, the
ES cells must be cultured together with fibroblasts originating
from normal fetuses as feeder cells. A similar method is used
to maintain ES cell lines of the primate in an undifferentiated
state (Thomson et al. , Proc. Natl. Acad. Sci. USA, 92, p 7844,

25 1995, Thomson et al., Science, 282, p 1145, 1998, Reubinoff
et al., Nature Biotech, 18, p 399, 2000).

In these ES cell culture methods using the feeder cells,



6 mul tifunctional enbryonic stemcells. As a result, the inventors have
found that the enbryonic stemcells can be cultured while nmaintaining the
undi fferentiated state in the absence of feeder cells or feeder
cell-derived conponents , if the simlar surface conditions as the surface
conditions of feeder cells are provided by using sone materials and the
enbryonic stemcells are caused to cone into contact with such a surface.
This finding has led to the conpletion of the present invention. 10

Spect {1 cablybyelhe (RECERE LAY el iRt Udes 3 Base TH! ¢lills agpab) e of

mai nt ai ning enbryonicstemcell's inan undifferentiated state in the

absence %fniyﬁ%%rteaelaha (E'imfee%@%rsuﬁﬁlnlg'.d?%j)¥§dr89599@§nt SxalBligs of

speci fi cal the present invention provides a base maferial that is a

por ous mahabigahols ¢8pabl i ffc el i aaioRigNgn ERNRI ¥ 0TH G iFiRIRGA] kpethean
undi fferentiated state in the absence of feeder cells or feeder

cel | -der hsee perpomepbstelihdvapnedemrt Lhavienti an.al Natpreyi deg ,apcabture

nmet hod capabl e of maintaining enbryonic stemcells in an 20

undi f§ er @0vi0at.edDstval epiant ke albsdnoeeafie tleediéoroeddiscal appédertion

cell -derived conponents. Mre specifically, the present invention provides
a cul turennwhhod bsinag EBecabbyeanalusgd Widde @woddiialg cied lwkooliacie
enbryonic stemcells are maintained in an undifferentiated state in the
absence efmohgegarimedisl © 28 idf efreade spresiilesddsi v édeg@fssitontdes imed -pr esent
invention further provides a nethod for_capturing enbryonic stemcells from
a cell sol uti ofTarmarrehdor cUlRETaRBIEDFEd LSt Bht L8NSR Iy U ERSan

enbryoni ¢ stem cell .culture base terl%&i and a cap%gﬁg mat.eri al

. |1

conpri si MG9ddER AR ERGATo fitE TS Ehtlemt eP&Fecﬁ&gg'nﬁt@Fi cdpfdbfe of

tuki th nb i t | s.. N\b t.h 5.1 i
o ovides LA T BB TR Seas R ES Hasn BaPrES Comes bBEERY. "

t ai d wi . h |1 Jd.als. : ON
P TrE RIS 1 i eE" i ot UE WL 3 B P yiBswad S eek
”Onmove”(Eﬁ@ﬁi%oOEuE¥ﬁ¥E|ﬁe?iﬁ&akﬁﬁﬂtﬂﬁé@ & kalpne phgsphatase, pvgerein A-D
indicates the fol lowing wells. A A well nade of a plasti'c dish coated with
gel atin Bgg74A Wehk cHBdey9ivOs hidh dericehnfompres f ayidaated withh HVB 15

C: A well made of 0 . 014 denier nonwoven fabric coated with HVB D: A wel |
made of wag@aiad OrRddmdenbar naawe¥emef abehfiot be applied to
15 large-scale production. In addition, the effect of LIF is
limited to specific types of mice such as 129/sv and C57BL/6.
A remarkable effect is not exhibited in other types of mice
and animals in other species.
A method for culturing ES cells of primates without
20 directly using feeder cells has also been reported (Japanese
Patent Application Laid-open No. 2001-17163). However, since
the addition of secretion components of fetal mouse fibroblasts
to the culture medium is indispensable in this method, the
problem of the above-mentioned endogenous virus remains
25 unsolved.

Cell culture methods using culture media containing

porous carriers have also been known (Japanese Patent



Figure 2 shows Oct-3/4 gene expression anounts of ES cells cultured on.
uncoat ed. nonwoven, fabrics o.f Exanple 5. Figure 3 shows an Cct-3/4 gene
expression anount of ES 20 cells cultured on a nonwoven fabric coated with
HVB of Exanple 5. Figure 4 shows an Cct-3/4 gene expression anmobunt of ES
cells cultured on a nonwoven fabric coated with HV8 and gel atin of Exanple
5. 25 Figure 5 shows an Cct-3/4 gene expression anmount of ES cells cultured
on the PET nonwoven fabric with an average pore dianmeter of 12.0 ~m of

Exanpl e £ §icaEEQHEeLQi§1h8§(§n b~ 32609208 09XBT, EHRI.0R 0AARURED 0fanES cell's
cul tured gﬁ nonwoven PET fabrics with an average pore diameter of 8.6 ~. m

12.0 ~. mpp@b-187461)M ERA(EA-U thr8ehathfdof akdaspl eufe Bakbgure 7 shows
Qct -3/ 4 gene expression anounts of ES cells cultured on cellul ose nonwoven

fabrics geatedaWst hnerkatirn. ckhgbé eordl b sl vt alKk alpieldd falkosphatas e
activity of ES cells cultured using mcro carriers of Exanple 9. 10 BEST
MODE FORJACARRYENGiGWEATHE1LNVENTE Ohhdhea peceseatei mgehdbdonow thlhowvebe
described in detail. The present invention relates to a culture base

mat erd al bekat mederimilntthian wadi chérteme ambdyomicy srtie sedsceilideas is, 15
a culture nethod using the sanme, and a culture apparatus using the sane .
The cul t preskayéngathei gotipokencyl hase beenhdaowandemedod@ttur e appar at us
of the present invention not only provide many advantages achi evabl e by the
use of the enbryonic stemcells produced using the base material, the

met hod, or the 20 azgaratus but also can be used for the production of

enbryoniel§9&9595ﬁl o?ggsgpﬁ&NgﬁQNbr more hereditary changes. Exanples of
model & for i soTsB8I 4R deblr Famant tor T rabtes e be prrYRteg oBiebEe! Pase
t | ant_at.i f t 5 : dit i = Unl

of hotoi o8 850 ARFEEG S REFEB S oot TAaterS A the "o o T Aed bel ow

UnleSSOt@@agf%%r@%&ﬁ%%%da%%bg5%%&c9stem cells, a culture method for

embryonic stem cells while maintaining embryonic stem cells
in an undifferentiated state, and a culture apparatus.
When mouse embryo fibroblasts are used as the feeder

15 cells, growth of undifferentiated multipotential embryonic
stem cells can be thought to increase partly by the addition
of the components produced by mouse embryo fibroblasts to the
culture medium, whereas the feeder cell layer of the
fibroblasts is considered to form a surface having a

20 configuration and characteristics suitable for adhesion of
embryonic stem cells. Contact of the embryonic stemcells with
the feeder cell surface is predicted to stimulate the growth
of the embryonic stem cells while being maintained in an
undifferentiated state. Based on the above prediction, the

25 inventors of the present invention have conducted extensive
studies of several materials about the effect of maintaining

the undifferentiated state of undifferentiated



terns used in this specification have the nmeaning in accord with the
definition in the specific field to which those terns relate. Stemcells:
stemcells indicate cells that can be differentiated into another cell type
possessi ng specified functions (finally differentiated cells) or into

anot her stemcell type that can be differentiated into another cell type of
a smaller class. Enbryonic stemcells: enbryonic stemcells are 10

t opi potent stemcells obtained fromthe norula of the enbryo at the fornmer

enbryo i gphaRtahitelonhagemBrybiecbkashoerst sst age a Eobnyeni enstemcells
may al so indicate mnul tlpotenglal stemcells originating from prinordia

germ cel kavehtaRseRBkXO rontietus: Thesemeelbsiar etaseetalsl ednFGecel I's. The
enbryonic 15 stemcells used in the present invention may be those

ori gi nat tagthirem anylefmi et pin ed eshe Aoldidi feg dntnietssd el $n ahd bi rds.
Toti potency: the termtotipotency is used relating to the cells that can be
di f f er entbatedei of of sedrt rcaly scek| fegpes @1 Jji-id nidiaty compoineottent L&l cel | s
and conpletely differentiated cells (the cells that cannot be further

di f f € enthat edmipee sulérceekbsyitinpbt rpotircyurfape cerfirbiPREpefency is

used relating to the cells that are not necessarily differentiated into all
cel | feeder cells are provided by using some materials and the

embryonic stem cells are caused to come into contact with such
a surface. This finding has led to the completion of the
present invention.

10 Specifically, the present invention provides a base
material capable of maintaining embryonic stem cells in an
undifferentiated state in the absence of feeder cells or feeder
cell-derived components. More specifically, the present
invention provides a base material that is a porous material

15 capable of maintaining embryonic stem cells in an
undifferentiated state in the absence of feeder cells or feeder
cell-derived components.

The present invention also provides a culture method
capable of maintaining embryonic stem cells in an

20 undifferentiated state in the absence of feeder cells or feeder
cell-derived components. More specifically, the present
invention provides a culture method using the above culture
base material, in which the embryonic stem cells are maintained
in an undifferentiated state in the absence of feeder cells

25 or feeder cell-derived components.

The present invention further provides a method for

capturing embryonic stem cells from a cell solution containing



25 types, but can be differentiated into at | east one of many different

cell types. One exanple of a nultipotent cell is the bone nmarrow stem cel
that can be differentiated into not 10 neurons but various bl ood cel
types such as |ynphocytes and erythrocytes. Therefore, all totipotent cells
are nultipotent, but all nultipotent cells are not necessarily totipotent.
Undifferentiated: Undifferentiated neans the state of any arbitrary cells
possessi ng the potency of being differentiated into one or nore cells that
are in atﬂer@mgkgéﬁ&@nstaﬁeee§§§tﬁsiﬁelgueulharemaﬁgbuﬁb khemcekhicul ture
medi um neans a 10 solution of salts and nutritive substances effective for
sust ai ni pE1 ghewtha & Ity RNI C aglied €€l 1 TadptuirLhbteieasysbaprikerder cell:
Feeder cells are non-enbryonic stemcells on which enbryonic stemcells are
pl at ed. dhenferdetbebh sc prioan delilhewiturerbharcaaasstiali agphbtegodow h of

pl ated 15 enbryonic stemcells. Feeder cell origin conponents: The feeder
cell origeptosipgnehtsembapohéedetemekklisushMocoepoment sheiprésenng
conponents secreted from feeder cells and cell nenbrane conponents. The

| eukétri ainvkhbipoomrdeictes a@uluiesagpesatus 20 energonporrdam ¢ettdted from
feeder cells. Extra-cellular matrices that are conpl exes conposed of

col | agenCoBPESELRY Ri BPBhRELRPH, PREFEHI Hithy 8PGPoRaReléh6ABILEEEI n sul f at e,
dermat an sul fate, heparan sulfate, keratan sultate, and the like are al so

i ncl uded™@35TkBh-essential anino acids: non-essential anino acids indicate
am no acids and include L-al anine, L-asparagine, L-asparatic acid,
L-glutamc acid, glycine, L-proline, and m L-serine. The present

[ ti ' . : ial , | t t hod, d | t
appar at UBRPEF BFSRRAE IR BE: WPET RRAYTERS yoni o stem cel s in an o
undi id erentiat %q%ﬁ%t g s%ome a ul-t“t)ér Q)afseESnBcIeﬁrlisalcﬂ%rt&ie CH:FL‘B’%:’ and
apparat us using the same provi ed ﬁﬁ%he present 1 nvention can grow and

mai nt ai npURdLLERr £ At 8¢ ﬁm&c%whcsﬁi%m&@hltﬁ armiaqisziérpwsaﬁgtggégldy t han

conventional materials, netho and apparatuses. The culture method for
embryoni ghekeAmcal-bs inaivgtble el Fenechkasg wells.
A: A well made of a plastic dish coated with gelatin
B: A well made of 0.03 denier nonwoven fabric coated with HM3
15 C: A well made of 0.014 denier nonwoven fabric coated with HM3
D: A well made of uncoated 0.014 denier nonwoven fabric
Figure 2 shows Oct-3/4 gene expression amounts of ES
cells cultured on uncoated nonwoven fabrics of Example 5.
Figure 3 shows an Oct-3/4 gene expression amount of ES
20 cells cultured on a nonwoven fabric coated with HM3 of Example
5.
Figure 4 shows an Oct-3/4 gene expression amount of ES
cells cultured on a nonwoven fébric coated with HM3 and gelatin
of Example 5.
25 Figure 5 shows an Oct-3/4 gene expression amount of ES

cells cultured on the PET nonwoven fabric with an average pore

diameter of 12.0 pm of Example 7.



10 material of the present invention can be used for screening specific
differentiation inducing factors and useful conbinations of two or nore
differentiation inducing factors. The capability of the culture base .
material and the culture nmethod to proliferate totipotent enbryonic stem
cells in the 15 undifferentiated state provides inportant advantages

i ncl udi ng production of enbryonic stemcells that can be applied to

t herapeuti c purposes. The present invention provides a culture base

material for growing NG IRINIRIIFIG JUNY VU LML el d AY 3%
undi fferentiatedstate. Specifically, "a porous material can be used as the

culture pasesnBhekhabaobnt henRkesgNbEINYEPLEEB. wikR aﬂrgygpg?éeﬁbaé is a
base material having many mnute holes that nay be artificially forned.
There argiBfResBechEig. biph} at2 ot 0 drhea 38t @i, akpattBickneRSgelatin
configuration, size, 25 and the |ike of the porous material. Either organic
or inorgatfi exaRpeei dl.s or conposites of the organic material and inorganic
material nmay be used for the porous material. 12 Anong these, the organic
mat er® al s, par tFiguirar 17y strogenioetpd Adrererentestrirad s e qmeefrersabife Bfat eri al s
due to excellent processability such as cutting. Exanples of the organic
pol yner cedpeundlthaedcan beldsddsgs nohe ojenodsbFdcsr colat®d witthe present
invention include, but are not linmted to,
pol yur et B&A&tpsl-yacryl onitril e, pol yvinyl al cohol, pol yvinyl acetal,
pol yester, polyam de, polystyrene, .ysul fone ceIIquse,,cellglgge
n

p
acetate, pol yetfhdufe 8 ﬁ@PWEréﬁyﬁéﬁéglﬁﬁlP@PﬁPPaFﬁﬁﬁrﬁﬁé}vﬁﬁwy9 i dene
fluoride, pol ytrifl uorqchlorovinyl, vinylidene
fIuoridePFiSFaFPé5P5§PhVPéHQ BdGEPy rar - 6%y€&h@ﬁ%&ﬁlﬁbﬁe,
pon&@eth)acrylate, but adi ene-acrylonitrile copol yner, polyether-pol yam de
bl ock™ copol yner, ethyl ene-vinyl al cohol copolyner, and the like. |5 As

exanplesB%fTtQ%DEn%bga@%%RQ%h%rb%F,Tﬁﬂifﬁiyﬁﬁf@ﬁ al s such as glass and

silicon water; ceramcs such as alumna and zirconia; netals such as gold,

silver, copper,rid QtestnikehyvealdBhNYM 1806y thd RidHA: ddriexyapatnt e; and
cenent cured products can be given. As the conposite material consisting 20

of an organi c mE{epirakeand: i GEoh G eTales 8b o sulBhetindsd Rawlirgh1nanosi ze
particles of silica and organic material are dispersed, with either silica

or the orgar eafadLritwdibehagreentaiciadeedserniivd Pén LOMI@rEnEslscan ibe gi ven,
for exanple (Novak, M , Adv. Mater. 5, 422 (1993) , Chujo, Y. , Encyclp.
Pol y15 Scia. c2btiiee e tHCRC udriess thBosamdRataom, abqul7@Be (a9t usTheiegar e no
specific limtations to the shape of the porous material inasmuch as the
mat er i al tha&sspoees Thatcwldmre base material, the culture method, and
the culture apparatus of the present invention not only provide
many advantages achievable by the use of the embryonic stem
cells produced using the base material, the method, or the
20 apparatus, but also can be used for the production of embryonic
stemcells possessing one or more hereditary changes. Examples
of the application include, but are not limited to, development
of cell base models for diseases and development of tissues
specified for transplantation used for the treatment of
25 hereditary diseases.

Unless otherwise specified, the terms used herein have

the meaning definedbelow. Unless otherwise defined, all other



13 support cells . The shape may be a plate, globe, rod, fibrous form or
hol | ow shape. Specific forns include a film sheet, nenbrane, board,
nonwoven fabric, filter paper, sponge, woven fabric, fabric, lunp, thread,
hol | ow yarn, and particles. 5 Taking into account the factors such as easy
and sinple control of the pore size to support cells so that the cells are
three-dinensionally cultured, easy fabrication of the culture base
material, and the cost, the shape of the porous naterial is preferably a
film sheglnsTRERRANG. +HOJ" dpoBRRYBYENORARLLE, AL RBARGRG Al Levoyarn, of
particles, wth particularly preferable shapes being parglcles and nonwoven
fabric. Jhehe Rl Qid¥a sPetd iie thaldild 0N Fa 1P Lok & 2% odfe themBOr OUS
material. Taking into account the capability of three-dinmensionally
supportipgikhe cells, an average pore size 15 in the range of 0. 1-150 ~. m
is preferable, with a nore preferable pore size being 1-50 Vim The
particul arly prefer aldia porerai zelils Gl ddte dde avieiageorkee si ze as
used in the present invention is nmeasured and cal cul ated by a nercury

por 0sh neter fearnapbitea 122G omatadeapeeldr tamweSEMSs s\Wseri nich e pevcertagal por e
size is neasured by a nmercury porosineter, the pore size at which the pore
di anet er fansttiiobst (6hnaliyvediSfetenadiedimeddal P 1Mo APQTHRE BEEB size in
the present invention. When neasured by observation using an_optical

ni cr oscogeldr typeSkhp tt kan2bec 8AfiLgueatiaheds ipkhe 3uPtheE F6ré $¥PFCion is
traced on a transparent filmfromthe obtained i nage, an edge picture inmage
of the p&feass®@ld®y €4%SSpared using an i mage scanner, and 14 the

circle-equival ent dSing?njgé g?r)%éﬁ?;q%ﬁes __(I)_pe in qrgjgcgeiggréegg stl%p hi S meaqu[ ed
usi ng an |nage5ﬁﬁﬂ ; -Hﬁ&ﬁag i e presen

[ [ [ f.10 Lrcle- i valent di f h
openthgs LoRIERaot o e CavePagRsar 2% Fel Bar it HPEH T Dt (o s o
di t I ' t

matori al A FRE G g B AR EaB0 & <P o o L e e ng ¢ he

| ar ger diaﬂ%%fy%%i%e‘é]?crenﬁ@e%st hePU.S -irddd dhe Mﬂfﬁrﬁoﬂéﬁl&@ﬂ Qhert he

average pore-~size of. a nonwoven 10 fabric is a val ue neasured using a

nercury RRNAS ERLeH ndkd nlghe ravepadfoPak 81 S§&8mOte B 81 & Qurf &inH18io oy a val ue
determ ned by analyzing the observed inage. To the extent that the pores

are not @agged, ThBeesUelageapt &1heopesDUSA Bt edé Bl s mayrHee eabatyecivi th a
pol ymer conpound 15 to increase adhesion of cells thereto, the

di f f abentdtain @elIR Risesthnee thengidearentanchvdre: igrmowtdy dapatiidsdy. The
pol ymer conpound refers to a substance having a nol ecul ar wei ght of several
hundr ed @ inpire tage £ £oomnyo b idresp hava hgs dme loxd imgr kuman sy mamgnadisi .t s t hat
are |inked one, two,
and birds.
Totipotency: the term totipotency is used relating to
the cells that can be differentiated into arbitrary cell types
20 including multipotential cells and completely differentiated
cells (the cells that cannot be further differentiated into
other cells).
Multipotency: the term multipotency is used relating to
the cells that are not necessarily differentiated into all cell
25 types, but can be differentiated into at least one of many

different cell types. One example of a multipotent cell is the

bone marrow stem cell that can be differentiated into not
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20 or three dinensionally. The pol ymer conpound can be broadly classified
into three types, that is, natural polyners, sem -synthetic polyners, and
synt hetic polyners. As exanples of the natural polynmers, mca, asbestos,
graphite, dianond, saccharides represented by starch, cellul ose, and
alginic 25 acid; protein and peptide represented by gelatin, collagen,

|l am nin, Vitronectin, fibronectin, and fibrinogen; and the |Iike can be

gi ven. As exanples of the sem -synthetic polyners, 15 gl ass,

nitrocel hul,eses 68k! VAPS6uRCSI A&, Ui Ordat ad Hﬁ}ﬁ@ﬁbc?tes and

car boxymet hyl cel l ul ose, and the |ike can be given. As exanples of the

synt het i erpehydek%esnol YREPSPHLA| tallet6blpotdet pelyst hykene, polyvinyl
chl oride, polyam de, 5 polyethylene terephthal ate, polysulfone,

pol yacr yhanitpbltentpobyti ayll autelipbtepdl waatlkyla metnbac ncissarily

pol yhydroxyet hyl net hacryl ate, pol ydi net hyl am noet hyl nethacryl ate, and
copol ynetstipdeehitom t wo or nore nononers such as a copol yner of

hydr oxyet hyl net hacryl ate. and di met hyl am noet hyl 10 met hacryl ate can be

gi ver® Taki ng é&asH fffe mudtiiated r @adidifie dantd admes mgemat ithve, sérganio€
polymers are preferable. O the organic polyners, proteins, peptides, and
organi c gyt BEPLErPEYy @eld SaPespgespangbitde Potercyd@ift eAn% he porous

mat erial may be provided with sonme other surface treatnents such as

i mobi | | SAEE6K B 18 tERY dPdPogRCaPEy MREE W& ldiFhHtatc@TSudR & MATE grafting,
radi ation, ?nd el ectron anns. A nmet hod and apparatus that can separate
enbr yoni 8+ECEREBFIEEELs SfA5M t he group consisting of a plurality of

di ff |l d I h d i ; |Is i _

ndi 1 o1 ent i at G 81 400 BEOF BRI dRR K Ui vl HE CTTUTD TS bt or o
fferenti at o e e c 3

captife ARdraR 5 eRE e PR e it R e B ani ¢ stem

Ul . ; . Lut] e o ot Ll
cells COURLL39% QPQHG%Q%EEmEQanﬁg H%éﬂﬂxﬁ@%i%hp%Qaﬁﬁgﬁkgggb%eﬁ.e”‘Ce S

and the cells to be’reno into a contal ner ell capture

material whi ch geeddie cetiht urgebdse Jatiey bk RbntdoPyoseAtsddiyeatinan is
filled, causing the enbryonic stemcells to be captured by the cell capture

materi al pnanthichl ewbry@ntilke serbr yenile strempaeldesi.i nThbereeatai penlafter the
cells to be renoved have been di scharged fromthe container. The cel
cul ture pppatidkeushef cdireupsesent arwsdEttiion itheayrapdr atfupliatashi ch a cel |
capture material which is the culture base nmaterial of the present
i nveh? i oembsybonlilced tiem &eddmst.ai ner, wherein the cell capture material can
be used as a cell culture 10 carrier and the contai ner can be used for
culturing the digdder cell origin components: The feeder cell origin
components mean feeder cell crush components, including
components secreted from feeder cells and cell membrane
components. The leukemia inhibitory factor (LIF) is given as
20 the component secreted from feeder cells. Extra-cellular
matrices that are complexes composed of collagen, elastin,
fibronectin, laminin, hyaluronan, chondroitin sulfate,
dermatan sulfate, heparan sulfate, keratan sultate, and the
like are also included.
25 Non-essential amino acids: non-essential amino acids

indicate amino acids and include L-alanine, L-asparagine,

L-asparatic acid, L-glutamic acid, glycine, L-proline, and

11



The cells to be renmoved are all cells other than enbryonic stemcells.
Cells that have differentiated fromthe enbryonic stemcells and |ost the
pl uri potency are also included in the cells to be renoved. Any
cell-containing solution can be introduced 15 into the cell capture
material so long as the solution contains enbryonicstemcells. Exanples

i nclude blood, marrow, debris tissue fluid, and a culture broth of stem
cells and enbryonic stemcells. The enbryonic stemcells separated and

cul turedrnay,bgeused as is or after suitable processing for cell 20
transplant or as in various fields such as regenerative nedical field,

i ncl udi ng ti ssugecepgtH8RE | NGrenihitoC pirbwidelas e-utahard dlhsef maber paesent

i nvention can be used for an enbryonic stemcell culture apparatus together
wi th t heacelil taukt meehowdi anmddescuilbhedebebparafusutort geowa2hgbkadd serum or
a bl ood-serum alternative may be added. Any optional cell culture nedium
can be usednasiaingldmlbyeyareidi steforelhe iandm yodiid fstremtcelties] sExbaapl es of
the cell basic 17 cul ture mediuminclude, but are not limted to,

Dul b coThedchl tdr Edpp ee meali e { DVEN)  thek methoduenNERPPErasysWIREVE ( GVEN)
RPM 1640, and | MDM (avail able from G BCOBRL of the U S.). A blood serum a
bl ood- seitbm sanepravided kit thamaee™ §RERRRIPREBY STAHP ] 881BE24alded to

t hese basic nedia. The blood serum nmay be any optional bIoogtseru or a
sol Ut onUBALERETEPSAATERr SHPERAD E AL EB A b % A FaRPISY PEE: FOESFEr ¢ he

wt h i nt [ ilit f th [ t .
Beanpl o6 CBRRS EBRVARB058 s BF G AFudBoFOPAR AT SRPIRETD CRCS) TPocat 11 o

B

al ternat © s n noc |'ood serum

replg?ﬁeng%e%ﬁ§$bPgogﬁgdPEESQH@UEQQEHEggpraS;Bgcﬁgéd PorSsckeenkgone

enbo efumis fetal ca serum and the bl ood serum

alternatEé%cﬁ%i%sgif%@r@n%&a%ﬁ%ﬁiEE%U%EQ%dE@%QEIStQ%df%%%kugalf serum or
KSR i s us in a concentration between about 1% and about 25% In a nore

speci fi ¢ gHBAdiaRBhs &haRORGENb A O Of erl tiea f Bdali neRIdirspERBLBESKSR in a
cell culture mediumis 15 0 . Human. enbryonic stemcells cultured in the

cul ture madi uEpHEBALAL) BF &hbkl ecadtsekeubnz@ aktetnali wadushegcuheuewl ture
base material of the present invention is very safe as conpared with
enbr yoni mesther ¢el psotufénaed bytapcbeanentmormadn hetsiomn died itso imotheont act
with cells of different species or conponents derived fromthe cells of
di f f &b entunsiiddiessn tllad ecnisropdisi ® rovdfeselimporar e aghpinté@eso 25 clinica
use such as cell transplant and tissue engineering. The cell culture medium
may al so ieeingiimgapraguctdend&ft el mvedid v iyl L s dhadkaai &e
(3-mercaptoethanol). In a 18

applied to therapeutic purposes.

The present invention provides a culture base material
for growing and maintaining embryonic stem cells in an

20 undifferentiated state. Specifically, a porous material can
be used as the culture base material of the present invention.

The porous material is a base material having many minute
holes that may be artificially formed. There are no specific
limitations to the material, thickness, configuration, size,

25 and the like of the porous material. Either organic or

inorganic materials or composites of the organic material and

inorganic material may be used for the porous material.
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preferred enbodi nent, (3-nercaptoethanol has a concentration of about 0.1
mvs. Ot her anti-oxidants (for exanple, nonothioglycerol or dithiothreitol
(DTT) , or a conbination of these) may be used to achieve the sane effect.
Furt hernore, other equival ent substances are conmonly known anong persons
skilled in the art in the field of cell culture. The present invention
further provides a culture base nmaterial for growi ng undifferentiated
enbryonic stemcells and a nethod for culturing cells in a medium

contai ni ng thi el Yhesk0 hage JrReiceina tE18 AMr oG alemwigel | s to be
cultured are avail abl e by using kriown net hods and material's déscri bed

bel ow. MpugenkS gehimerEmansreblal areNptrererad92 mptdr421598Le eattl e ES

cells : Schellander et al . , Theriogenology, 31, p 15-17 , 1989 ; 15 pig
ES cel | sexcélllenhtepreteakabilithesuopensl agytidy., PxOOhles1880thesheep ES
cells: Handyside( Roux's Arch. Dev. Biol. , 196, p 185( 1987; hanstar ES
cel | s: Doetaschowwlgmeat comPeundBildt cah g uped@s theg®ramnkeyeESatel | s:
Thonmson et al. , Proc. Natl. Acad. Sci. USA, 92, p 7844, 1995; hunman ES

cel | $° Thontbe preaknt 20vSpiténoeinedpdep PUASare909Rt REOBiteSf ftoet al . |
Nature Biotech, 18, p 399, 2000). The nouse enbryonic stemcells (129SV and
C57/ BL6) p@émuﬁetbeﬁ@hag@dﬁwmmﬁﬁ:ﬁ;ﬁmppﬁaéﬁfﬁa&iﬂC‘c,%olcOP?lwaPYA nor e
recent report _describes that there are enbryonic 2~ stemcgells in the bone
marrow, AGEERes, PRAYCHEETn BPINPREdSr ROANSTYERDGhi &R 1A USECRS 4 gene and

ot al ., CRELOPAOTS” CRRAEE SoRREE FubPRAMELEN 26 3 BeyeaoEy 1o, | ©
doi : 10. 1038/ nat 0870),;. Ji t.al.., [ tal Hemat ol , 30,
596, 20087 LVTREYE FeparCEoeubhaay NaCCEBE ROERTRal | & equi val ot Lo |

enbr ygni : I I p . g0 an adult. As one of the
featﬁ?esgg &?%g%ghp?ﬁggigggzqﬁg?ér?g§§g?df & present invention, capability
of mai nt 2h ARG EXREESSIFAN 2 ARy Pehe3ArBaRmed, PHINEANG ShAMGR] I s while
mai ntai ning undi fferentiation can be given.” Specifically, the adult origin
stem cel bg1gi(Hckal akeyaaRiy 0Rug adQ ehleeBceollon itthall LRI ndie Oct-3/ 4 gene
may be cultured using the culture base material of the present invention
whi | e maipt getheg - 1yadiidee beBckatbpglyinatre. eOhgeecheolvangd, attkehenbr yoni c
stemcells can be cultured by any optional technique using the above cel
cul ture wegolnymed ,amddcuhteuldklease material. For exanple, enbryonic stem
cells are dissem nated on the sterilized porous material and the

abovés nent i onediscekbmpllesur & thedinprigsnaddeateniall turld achwatekials A
nonwoven fabric is given as an exanple of the porous material. The growth
of enbryemich 86ewaes |and siggmiaroredere 24rdeiesnsreh tae adeyrea and

differentiation of the enbryonic stemcells. The degree of .
undi f f er @AECRRHGH BEtERE EHBRYRRI T M e idelss SOPRSF cdftPrnBd Ck§Flmeasuri ng

t he anount. of Oct-3/4 gene expression as d ri bed jn Exanple 5., The
Cct - 3/ 4u<j‘ FELpgmy 58 %&ﬁé&ﬁx A iﬁ?drré’é‘tyap 31(;Céelrfgiaﬁ“g5i tcc?r[{%rg)ﬁdfefdam ly and

s speci Liaally exprepsed: 0o the indid Lersntd Ated 3katey Roatlrane stem
cells an&™é ryonafEl carcPnoma’ cerl s EYC sj)
20 of an organic material and inorganic material, a material in
which nanosize particles of silica and organic material are
dispersed, with either silica or the organic material being
contained as major components, can be given, for example (Novak,
M., Adv. Mater. 5, 422 (1993), Chujo, Y., Encyclp. Poly. Sci.
25 Tech., CRC Press, Boca Raton, 6, 4793 (1996)).

There are no specific limitations to the shape of the

porous material inasmuch as the material has pores that can
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20 (Ckanmoto et al., Cell, 60, p 461, 1990). The gene is al so expressed
only by undifferentiated cell geneal ogy during enbryonic growh (Scholer,
Trend Genet, 7, p 323, 1991) and the expression is known to decrease as the
differentiation 5 proceeds. In addition, the Cct-3/4 gene has been found to
play an inportant role in undifferentiated state maintenance due to the
fact that honpbzygotes of Oct-3 / 4 gene-disrupted m ce stop devel opnent
during the bl astocyst stage (Nichols et al . , Cell, 95, p 379, 1998) . The

above- mept.j j mat (VA=Y td usbal NEpgre6Lt3/ 4 gene
expr essi g%bgﬁgﬂoéﬁé].{%%i bi#ﬁgglta % ?égu%%?%?lo%%'c%/%%egeneaexpr egsi on neans

mai nt ai NERgmt her unsh 1 dver@natjeat edpstatecofothe BTy DNIC rstam sebks, and
inhibiting the differentiation o? undi fferentiated enbryonic stemcells. 15

The quangihBibue , AH £@0InsmIAsa Ehdicdcr,eatl ton)papihodpoagehewased as one
means to neasure the anount of expression of COct-3/4 gene. Furthernore, the
real -ti meaBERcneffabdithatluspn ehserd,ahsiliphe yamd,r ehidaplee tdetlesni nation in
a broad dynam c range can be used. A nethod of using a TagMan probe 20 in
whi chb ABIrRRE SNADOT Mocamplti tdle Biagshstseaefhias gsey amd sampdtehodnbfolisi ng

Li ght Cycl er TM (Roche Di agnostic) are given as specific exanples of the

real -t i nefPCRet polrrolsdge. tBspappality cea lisheoc &dé toftheheellast @renet hod, the
change in the anplification anpunt of DNA synthesized in each cycle in a

hi gh- spesireeadiimgnsionaydlvecul Hugpd cIpas st Eppaisatiencykitdy §ué%HﬁFet ed in
several tens of mnutes, can be det g%hed. There_are four nethods.for

det ect i n§2BRAMBEPRGAL heP P R4114 (78 tPCRM Rt hBRS Af rité"t%é’&r(?flsug‘ia%@rbﬁlg\- bondi ng

col ori ngi@é%&%e:ﬁé@ ff\rac?g.?xtn?rghéeta,_rm%%gg:%n%f, llajgélng, 2rw.;lbnwoven fabric,
10 sponge, hollow yarn, or particles, with particularly
preferable shapes being particles and nonwoven fabric. There
are no specific limitations to the pore size of the porous
material. Taking into account the capability of
three-dimensionally supporting the cells, an average pore size
15 in the range of 0.1-150 pm is preferable, with a more preferable
pore size being 1-50 um. The particularly preferable pore size
is 5-30 pm.
The average pore size as used in the present invention
is measured and calculated by a mercury porosimeter, an optical
20 microscope, or an SEM. When the average pore size is measured
by a mercury porosimeter, the pore size at which the pore
diameter distribution curve is the maximum peak is the average
pore size in the present invention. When measured by
observation using an optical microscope or an SEM, the
25 configuration of the surface pore section is traced on a
transparent film from the obtained image, an edge picture image

of the pore section is prepared using an image scanner, and

14



a hybridi zation probe (Kissing probe), a nethod of using a TagMan probe,
and a nethod of using a Sunrise uni-prinmer (nolecular beacon) . It is also
possi ble to anal yze the anount of Oct-3/4 gene expression by using a

DNA- bondi ng coloring 5 matter such as SYBRG een |I. SYBRG een | is a bonding
coloring matter specifically bonding to the double stranded chains. Bondi ng
to a double stranded chain reinforces its original fluorescence intensity.
The PCR product can be detected, if the SYBRGeen | is added during the PCR
reaction.gnd 0,10 Ll UQLEIGeNes il @RS 't%em%@%wi%% ?(%E@%o@r@ of each

cycle of the extens i'on reaction . To detect the COct- géne , a priner
is desigRedihasgd;anmbhe,seduUEREyOoin Quhadd 4 rEING: JUS i IHh LUWEY Ci ahky
avai | abl e gene-anal yzi ng software and the like in the sane manner as in
common PGRerAgeOpbirdlls ikl ARl thesbrisehe phodueedn OshanweseraG¥BBE een |
may detect non-specific products as well as specific. products. As design
criterialocoismderatdian lehedud viad egity el aine tehves Ifengtsmadf oglengoner.s, the
base conposition of the sequence, GC content, Tmvalue, and the |ike. To
anpl iy ttherefior®/,4 theneyveaagense zer iimedl ca®EE3 tha tuparficdgsgwtichce
ttggaaaggt gttc-3' (Sequence ID No. 1 in Sequence Table) and an anti-sense
priner, OdERedewnlazgect thaacthe averagetrery' s @rdfie the Rere2 ofn
Sequence Table) can be used. Although the oligonucleotide can be

synt hesi Z&¢ psivegsaneserdrd #ith siaifligyle gy fhiEsdees, neg means
possible to ask an expert to synthesize an oligoner of any qgptional
sequence.that RaRyieheddaving F%‘?d{ﬁr@fﬁr Eié?@?ﬁ?%dﬁvﬁ Sf}tf%et ©3%5- net hod

is the anounbﬁof t he op@gctiv ven anopun To this

DNA .i i t of | e.
end. the ZhotiRt PEPSERE BRI ELIT 1 SORAYET 266 PRESr BRETIYh SOSTERYSTst be

| yat .n thi : d
Forl 43 PES drotiige PRESIEE LS F B cREy PofolBhe B Kne
obj ecti ve JIA J.0,8QLr €¢L ot e Anpunt, %%r&ll%_rsilgpéev%hge:tdeei%igﬁﬁégio%@e

reacti on system housekeepi ng gene that is deene

di fferencg iR AiRgy aIRuNL Qfr@PrieR]YLON by tissues and organs can be used as
the internal "standard to correct the anount of the sanple . 10 For exanple,

gl ycer al dehydesrd khahosphat @ rdehyds qaanas e r 6 GARDE) owhieah tise @ urdalle

gl ycolysis enzyne; (3-actin or 'y-actin which is a conponent formng the
cyt oskel eiforheapdrg@BemasuehadsmSZobahécdtéd val 4 i ol yirernicegpoubasonme can
be given. The expression |evel of the Oct-3/4 gene is determned 15 for the
cel | 45expws echdreaddee aplidsiron eSS eatdteritareofo t HherdssErarémvigntian usi ng

t he met hod described in the exanples. The material increasing the amount of
Cct - 3/ 4 geiey wn@Tess i fomatsran + e ddve rastowidl |eapidfletent i at ed from
enbryonic stemcells is deened to be the culture base material which

mai ntai ns the ZDheirepiyeeentoeredrdtsetess eabt yorPetares kayivg a

molecular weight of several hundred or more made from monomers
having one or more recurring units that are linked one, two,
20 or three dimensionally. The polymer compound can be broadly
classified into three types, that is, natural polymers,
semi-synthetic polymers, and synthetic polymers. As examples
of the natural polymers, mica, asbestos, graphite, diamond,
saccharides represented by starch, cellulose, and alginic
25 acid; protein and peptide represented by gelatin, collagen,
laminin, Vitronectin, fibronectin, and fibrinogen; and the

like can be given. As examples of the semi-synthetic polymers,
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As anot her nethod for determning an optim zed culture base material that
can maintain the undifferentiated state of enbryonic stemcells, a nethod
of detecting an al kaline phosphatase (ALP) activity can be given. The ALP
activity is 25 known to be maintained in undifferentiated enbryonic stem
cells but to decrease as the differentiation proceeds (WIllianms et al.,
Nature, 336, p 684, 1988, Thonson et al., Science, 282, 23 p 1145, 1998).
The ALP activity can be detected by cell staining using an insol uble

subst r at g deyel Qﬁlt%c%qh%%sva t h AR 1055 é¥a et tel| $A (R IEB- i ddkead

i mmunosorbent ‘assay) method using a water- sol ubl e coloring substrate. As
one enbodiyipyaly, 8athExMELAGLENLIN1688, hindehect eke RarcBklgistar ni pg usi ng
an al kal i ne phosphat ase stai ni ng technlque Enbryonic stemcells cultured
in a cellexadidiwse ofedinamsysitig dilte godiyeiss staterlividhaespidrel totdl teur e base
mat eri al have been confirnmed to contain an increased anount of

undi f f er entlicatiekd ,c ¢ld1sy eech vIG neo nmparlgoy wivtlh die reirds y @i Iy astiade cel | s
cultured using a cell culture dish nmade of plastic coated with gelatin by
the ABP actlinethy leetee tieirephidialg tehi podwisddonas aedvher YAeridd 16
screening the optim zed culture base material rmaintaining an

undi f f er exatlivatiew lseacehot ( t Pelyse Bkt yWisiia FhekA Tl POLYAVREORYE 1o
detecting an antigen speC|f|caIIy expressed in undifferentiated cells such
as st age ReFEETEYL adifor RMIYE IR SR nest Y s meFhacgg@mte, B8EA- 3, and
SSEA-4 (Smth et al Nat ure, 336, r[[%191_6588 1988, Solher et al Proc.

Nat | . Acé‘d’poéé’mer@ gage ypomytugqy ?BmORQWr%Sl SRENLES HERMEFED, p

2355, 198 ca one od urface anti gen such as

SSEA- 1 caﬂ?) ‘{l eg“ﬁ‘yﬁy “ﬁtrc]l?bca]iy ‘?Matr{Hst i %tp e anfth%iody (prinary

ant i Rgdy) ni zes [ i gen, and further i ncubating with the
i S e ﬂ%ﬁ%

secon y (seco ary a y) 25 bonded with a reporter such as a
fl uorescence | abekinghésserotedoaeingnt ceatmenheintd| sorspdesstihgnt he
target antigen to become fluorescent. The |abeled cells can _be counted
usi ng 24 OrgRIEHGRMENIGER HOE BR %S@é?ﬁﬂe, Of HBenOF I3 1Fs BRd YA Sow si t e
nmeter, and can, further %g seeg&eted of | abel ed and

unl abel e(?’i%tﬁ]snst'ar?%t t Y HE T rﬁyﬁetr]?%%l%fl?oe m%lfs $ie” obj ect i ve

culture Srdmherdal . Alternatively, after being exposed to a non-|abel ed
cel | surface nmarker antibody, the cells can be exposed to a second specific
anti hedy to an anti-ce surface ant i gen antd H - SSEA-1
ant i tblgdy) in aanI‘:'L‘T‘%é JEJG%I}Yn%h?I%?(r%u %Iéloarb% ass q{?;épeed ereby t he
number of, fhe Galds SXPEL é'@lge%r}&&e%eﬁ ?S#rmﬁ@ofm efof Ae b2
det er mi neéd Col OF I et T ca y or measuri ng uor escence. met hods to

per sons. ST 6a TR H e LS %ﬁgﬁﬁﬁéﬁ?@ﬂe@%?fﬁ%@%&%ﬂr al and
the cul t gyt and electron beams.
A method and apparatus that can separate embryonic stem
20 cells from the group consisting of a plurality of different
cells and can culture the captured embryonic stem cells in an
undifferentiated state can be provided by using the culture
base material consisting of the porous material of the present
invention as a cell capture material.
25 Specifically, the method for culturing embryonic stem

cells comprises introducing a cell solution containing

embryonic stemcells and the cells to be removed into a container
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15 exhibiting inproved performance in the growth of undifferentiated
enbryonic stemcells can be expected to be applied to all technologies in
whi ch the enbryonic stemcells are useful. The cells produced by using the
culture base material 20 and the culture nethod for the present invention
can be differentiated and the differentiated cells are used for cel
transplant or for artificial construction of organs together with
artificial supporting tissues. The constructed organs are transplanted into
living bodi gaieh 4sed1ascapkikkeChake23alnt@nRal i@r gaRs culthecapplsiecat i on of
the stemcells to a cell transplant treatnment and tissue engi neering can
sol ve thgapeehbbens swichl geBuenti 9RFbnaubat Aangplhariiat icamsiweh tae a 25
deficit of tissue or organs after their renoval froma donor and shortage
of donor smbFpencul e cbase tmberdaaltarst byl thy eelibtduyet oy mbherpadsent
invention are used for the production of enbryonic stem5 cells having a

si ngl e oantiwoubtunbneg ties edittraronial séeat cehds Herdd tamyradnkeer afitens of the
cells is desirable for nmany reasons, for exanple, providing cells nodified
for & gemnbetdmibmpyodrairsubyeithavwe besstissfrargepfaan thocapsprdnesj ection
of cells by a host) . According to the present invention, the 10 anount of
enbr yoni &hst emldelchd tyge beragetagsed Fdien e ndb Ve ededen Béd 38ul t ure
base material and culture nmethod. The first gene is altered in_or

i nt r oducB@PRAEGUSt 1T ehsiCoAC L FRETEERIRA ST 2 Lainictul 8 e FROGUEE. A

first clone group of the altered enbryonic stemcells.is induced fromthe
resul ti n&a@@?%‘q, 17 bbcthe PRESEP LD ‘?Tbﬁfeoﬁrl(?g%l]c]la%gﬁﬁ agF8WuTaEI§|eﬁg t he

| t b terial .of th t i ti t t abl i i
bossessi HICEo0gstPeq Har GAPEAFS o FOFHT] O™ PF Y0PE RE: S4ler SPLGRTFS |
requyé ed’ca%r%.%(}:oggd c‘o?lt%li;x%rregahrb@r LY Eggu&?fitﬁﬁfdr? aéhé gagh sone of
the cellsinthe frrst clone group, wher e y a secon %Ione group of

cells poggessigs thephl férﬁ%f‘ée@ 3%c9nd her edichaley ahheIAd Qi S spepduced.

Alternatively, It 1s possi to introduce the first and second hereditary

al terati @pg 1Nt OctNesSEP: BRDEYONE fo SL£M £ELA Fidh SHEQGIHBAINE @klemat i ons
at the sane tine, thereby avoiding the 25 necessity of isolating the first

clone green1sHaMBVESst ansl pPUrSBoREABYUAN € d1sdTRhelpdetieraldes cAnysopt i onal
met hod for producing a hereditary 26 transformant known in the technical

field of teobectdmrvdi Ol gy cahl -beonsain iog kerlediitcar chy lod tetrodecee | s.
Such a nethod includes, but is not limted to, a nethod of using a
posi &P veimegatheealdl eepituecverteoriaesor i bed dsetbw (USSP Bo15 co643164, USP
5,487,992, USP 5,627,059, and USP 5, 631, 153 to Capecchi et al . ) .
embryonic stemcells. Examples include&blood, marrow, debris
tissue fluid, and a culture broth of stem cells and embryonic
stem cells. The embryonic stem cells separated and cultured
may be used as is or after suitable processing for cell
20 transplant or as in various fields such as regenerative medical
field, including tissue engineering.
The culture base material of the present invention can
be used for an embryonic stem cell culture apparatus together
with the cell culture medium described below. A nutrition
25 blood serum or a blood-serum alternative may be added. Any

optional cell culture medium can be used as a culture medium

for the embryonic stem cells. Examples of the cell basic
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Furthernore, a yeast artificial chronosone (YAC) can be used for the
hereditary alteration described below (USP 5,981, 175). Another nethod that
can be included. is a nethod 10 described in USP 5,591,625 to Gerson et al.
that relates to preparation of stemcells that may increase expression of
specific gene products, signaling nolecules, cell surface proteins , and
the like for a nedical treatnent application of the prepared stemcells .
These patents are incorporated as a 15 whole in this specification as
referenceg:tQreahddpnP98e3udldsS sheahrkOhot pemseBdSkblled in the art,
expression of altered gene products can be achieved by alteration of the
codi ng spguBBEBoOhotiNE cBemey P& adetunO N DRIEMST, akhO8k afut MEMadE1akgbRy regi on
of the coding sequence . Therefore, the term 20 "hereditary alteration”
used i n MhE peremen) REPHAIEI0CaEhANINDN | (aded ltad cakremad IBTORRL tdfetbiequence
encodi ng the gene product and the alteration in the adjoining region,
especi al Dyst he aAtlEreatd credum t lze bB'oodpstereamaditdenaetiviee codivagisequence
(including the pronoter) . Simlarly, the term"gene" includes 25 a coding
sequéhcegrpeghl fectprsedarnedsonhiechdfey e phesentagdicorsiddg -wi Thet he
codi ng sequence, and ot her sequences adjoining the coding sequence. In

addi t i onblagdk A8RAM| RAY Hee 2any QHQﬂQP%%NR%QQﬂﬂﬁe§¥HhéFé&ig&ﬂytéppepgtion may
be attained biﬁintroducin a nucl ei c acid which doe not_nec&ssar%%y

i ncl ude %0 BéReAeSsEhlicheat T4 SHRRI% § AT THERpEE FehF Vit FOduliPfig a

| ei id i y be i ted int . by 5 nbi,nat i . Th
Col | 5 GuBEGMEH SRE/TRIRFTAIRF 061 AP IE2BAREaVe bats RSN GRiothe
cul ture nEHEOd fgﬁgﬁgf?gQﬁ§§QEhH£%§§%PSQeP@¥jﬁﬁﬂﬂﬁﬂﬁggﬁgﬁgﬂ%%fge%ﬂ&port

surface £6-s€ree stances W't grcal activit s are bonded
to a16ubsEa)e 80cife ! dithud NosqCethlad: & aUhiPiis) ol 9By LhARARS oen
response 10 éxXternal stinul us ndy be neasured for usé as a nmeans for

screeni ngya BhgBARLRERSSa BERHAL + 2FePLRL PRAER! INuactd W tsuhstiarerso, The
cells may be transforned by a specific gene therein or by DNA that | abels,

EXPr essekno@kKROEKOYH Ssd Mdn 3 atermdnddURER , My ifROMBHS Faafuledqui ckly
and precisely screened by conbining the cells attached to chips in this

manner Wk G EBBOGERLS UNG .0eVi T chucémissd amentpuherbldod sexanple fetAl
bi osensor can al so be arranged and conbined with neasuring for |arge-scale
par al | el cadrfearirug a2@ Mheedlend & ereporatldre mgeria vear sh&SRcodporat ed i nto
DNA of the enbryonic stemcells functionally conbined with a copy of a gene
rel eV@nt specifdd embodiiseags dhedifeiteds dey fusiengnt loe FSRhde meed dned
above. The reporter is sensitive to both a transcriptional phenonenon and a
post - t r afs CONFENFFAT 12D HeeEHGRENGPOUthe t31d A Zaf di fPePeRCT&t e in
such a manner, that each differentiated descendaFt Ty coTtaif one copy of
y‘:_he etal calf

di sease &S idiF PRBOFLBRRE (Th] GPECePELFEILAVR serum

or KSR in a cell culture medium is 15%. Human embryonic stem
cells cultured in the culture medium containing a blood serum

20 alternative using the culture base material of the present
invention is very safe as compared with embryonic stem cells
cultured by a conventional method due to non-contact with cells

of different species or components derived from the cells of
different species. The embryonic stem cells can be applied to

25 clinical use such as cell transplant and tissue engineering.
The cell culture mediummay also contain an anti-oxidant

(a reducing agent, for example, P-mercaptoethanol). 1In a
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28 Subsequently, these cells are screened in regard to a presunmed nedi cal
treatnent factor. In this manner, it is possible to correlate the gene
expression and the response to a potential nedical treatnent factor with
the differentiation state of the cells. This type of screening strategy nmay
be i npl enmented using the above-nenti oned hi gh processing bi osensor
according to appropriate selection of the reporter. Qther applications of

t he bi osensor of the type described in the present specification are clear

to a pergenrskickliedmbBdathenart p-h0rBeperatLAahboNheE bheokkbnBt4tgene
expression level as a marker for the enbryonic stemcell differentiation

descri bedfi apbxanpl. ¢ hMean benssesht O-dei@antoe (fbe drgnpee of

undi fferentiation of the enbryonic stemcells cultured using the culture
base nat gbhakhabgliykerel éHrd trEidwtdiotol HOTAN eSenta EombivertiiconofThe
enbryonic stemcells cultured using the culture base material and the

cul ture makbed fay bheupedsemtadnivert itdre svamedieffffercant | Bthetdhendoused f or
cell transplant or for constructing artificial organ. The cells may be

ei t he? hetbeirt agiiiyaliantt sulestancaerars teanmnanly kaos® agicRg PRES2DS
above-described nethod. The pluripotent cells identified as highly

expr essi a§iLRedoin- 3he géhe iRafhse figdd Pifc 8oy C¥HEED and may be used
for cell transplant or for further culture and/or, alteratgon as. nenti oned

above. Furt her notee PHasENfs d NYEHHE e dUF (e T RSQ VIHEESr PaFUafdrSsPRRE
[ 1 ul t hqd th , t | ti idi. | t duct of
ol ered BRtgIIRIcret SErB s reakPEEF eaPTal 8 AU Is B f e BT ©
b i t | | i 9 . .
Sorl vot Ee TR Eortafl ndi i Yeld s 2 it R RERT L A A ¢ BRIQUE. 1)

anpl k§in b y be added to the cell culture product proliferated
usi ng thgag%baéi%gﬁFggned nmet hod. As conpared with a control cell culture

product defi ci efife Q- RIEUBEEHIANIG $leetuiehlreamakkf hgathapitactor, a
substance that 1 ncreases Oct-3/4 gene expression to a certain level is
identified asiag RABIHONEEnSEEMSE hateiid T4 cadd O Bt tudlowl0 HXAWBLES
ES cells: Evans et al., Nature, 292, p 154, 1981; cattle ES
cells: Schellander et al., Theriogenology, 31, p 15-17, 1989;
15 pig ES cells: Strojek et al., Theriogenology, 33, p 901, 1990;
sheep ES cells: Handyside, Roux'’s Arch. Dev. Biol., 196, p 185,
1987; hamstar ES cells: Doetschman et al., Dev. Biol., 127,
p 224, 1988; monkey ES cells: Thomson et al., Proc. Natl. Acad.
Sci. USA, 92, p 7844, 1995; human ES cells: Thomson et al.,
20 Science, 282, p 1145, 1998, Reubinoff et al., Nature Biotech,
18, p 399, 2000). The mouse embryonic stem cells (1295V and
C57/BL6) can be purchased from Dainippon Pharmaceutical Co.,
Ltd.
A more recent report describes that there are embryonic
25 stem cells in the bone marrow, muscles, and brain of mice or

human, in which an Oct-3/4 gene and Rex-1 gene which are markers

specific to embryonic stem cells (Verfaillie et al., Nature
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Exanples will now be described. These exanples illustrate only one of the
enbodi nents of the present invention and are not intended to limt the
scope of the present invention. (Exanple 1 ) 15 Preparation of enbryonic
stemcell culture medium To proliferate enbryonic stemcells, an ES cell

cul ture nmedi um was prepared by adding the followng factors to Dul becco's
Modi fi ed Eagl e Medi um (hereinafter referred to as DVEM Cat. No. 11995,
manuf actured by A BCO BRL Co. ) at final 20 concentrations shown bel ow. 15~

fetal Cahévagﬁeﬁbﬁ'ﬂﬂgf aebyhed thynBl QoW FEAKERD2 0.1 mM (3- mer capt oet hanol
(manuf actured by SIGVA) ", | x nonessential amno acid stock (Cat. No.

11140- 05Qgpanybhagbhused ahy: reoBeRoBRL J€an), ek AW .sodixp@rayemtatie (Cat. No.
11 360- 070 manufactured by G BCO BRL Co.), 25 2 mML-Gd utam ne (Cat. No.

25030- 08gepmitiagiyr 8d by GBCO28BR)Co. TheandrépfBbtanstghyet tESERO
(manufactured by CHEM CON International Inc. (product number ESGL107):
cont ai ni rgtipusendOcelllkFeqaianlantive émyryechentgten AelES velyl adssay
culture nediumfor ES cell differentiation suppression assay was prepared
by r efrovibegp ESEROf iomrt hidsilES Cké lomulotfutbentes tnref Bxiarkilee c2) tagkt ure of
enbryonic stemcells Gelatin (Type A: from porcine SKIN, G2500 manufact ured
by S| GVAbGse) males igils odl é¢ DF egiedtt ILne@nteosy, @Rabddidehtdfati on of 0.1%
was sterilized. A dish for cell culture with a dianeter of 6,cmwas coated
to 5 mM oRiatedsdng gegression of an Oct-3/4 gene of embryonic stem
cells while maintaining undifferentiation can be given.
Specifically, the adult origin stem cells similar to embryonic
10 stem cells that express the Oct-3/4 gene may be cultured using
the culture base material of the present invention while
maintaining an undifferentiating state.
Once isolated, the embryonic stem cells can be cultured
by any optional technique using the above cell culture medium
15 and culture base material. For example, embryonic stem cells
are disseminated on the sterilized porous material and the
above-mentioned cell culture medium is added to culture the
cells. A nonwoven fabric is given as an example of the porous
material. The growth of embryonic stem cells is monitored to

20 determine the degree of differentiation of the embryonic stem

cells.

The degree of undifferentiation of the embryonic stem
cells can be confirmed by measuring the amount of Oct-3/4 gene
expression as described in Example 5. The Oct-3/4 gene is a

25  transcription factor belonging to the POU family and is
specifically expressed in the undifferentiated state in

embryonic stem cells and embryonal carcinoma cells (EC cells)
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10 p . 1% aqueous solution of gelatin, and allowed to stand at room
tenperature for 10 mnutes or nore. The aqueous solution of gelatin was
renoved. 2 x 106 nmouse enbryo primary culture cell (Cat. No. YE9284400
manuf actured by Lifetech Oriental Co.) treated with mtomycin C

(manuf actured by KYOM HAKKO KOGYO 15 Co., Ltd.) was di ssem nated and
cultured for 5 hours or nore at 37Cin 5 mM of DMEM containing 10%fetal
bovi ne serum (manuf actured by G BCO BRL) using a 5% C02 i ncubat or

(manuf actQkedoby Fabal . EsfetlCobf.) p BEES ¢8PP3 .of Theougenenbsyahée stem
cell line (available from Rolf Kemer, Max 20_Planck Institut fur
InnunbloPE@F@SSSﬁuﬁéﬁégbglun§4f§fé8nﬁﬁé SGrﬁeléeﬂﬁﬁﬁﬁfoﬂgrguﬁﬂggénlnated

he feed enb I bl
Cerls) PHETEEiE YEPEou P ARGk Sanct APRR PEPREea t 0P T4a" dAge bt 203C n 5

m of ES gul EHE?eE@%H”&ESkﬂgwﬁ 8% @@%r'ea%b@fsorthe deEramehe i3k 16 cell

differentiationh suppression assay The D3ES cells cultured in Exanple 2 were

washesl tpreeedds. Wi RdABS 1A, tehetd‘tEt—éﬁith tieae 10ds Be2nofbuyPsicnpiakuti on
(15090- 046 manuf actured by G BCO BRL), the m xture was incubated for 5

m nut es ab 3MEortaditf felenthatedibEESeptipted] ohrts Mmaintepapveddiicom t he
feeder. 5 mM of ES cell culture 5 nedium was added, the cell col onies were

di st ri butedty’ifRrh e hoprpaerdesnslicacto’ ngﬁPesFéFFPPfgg P46E, and

O e Bty S\ R e B PP RSB, B PP RO s
super nat agg Waéslrgmvgd BB% celrhs W66$e SHSREDIREa agAidt R iidh §10ksOf a

fresh ES ce cu un1 dissemnated on a cell culture dish with a

di anil er sahgeseAopr enheushy tesatiad wicth/a Ggeh® agpeeuss ivol wnidwrof gel atin,
and incubated for 20 m nutes at 37C. After 20 m nutes, the nedi um

cont ai ni aghfibdatingg thel Ireduas iool bécred 3did aemee @ Xy e s$O8y iMeiared tube 15
using a pipette and pelleted by centrifugation for 5 nminutes at 800 rpm

usi ng a HééEFéﬁnééﬂtFpﬁuﬁ%dlﬁﬁ%r§%5é?ﬁﬁ?aﬁYaH%§”?éﬁﬁb@ 5H8nﬁﬁeséépls wer e

suspended ai n_i.n, el was
pl aced off® ?ﬁg %ogt%n1g¢lgl%g Jlﬁﬁgﬁgﬁﬁy% ?ggp@¥§ge£ggéggd
nanufactg?gqygxl%osEégpguhls 1 x 104 cells mere dlssenlnated on the
nonwoven fabfic and cultured for 7 days in 3 m of ES cell assay culture

e 981 4 PO 3R 08 S ST alue il s derenl kil oo 2
10 ~.m (%[anabfel NgRESSsO6n 0 3, 48N S AN AVLLARR/nt of expression
of Oct-3/4 gene. Furthermore, the real-time PCR method that
can ensure a simple and reliable determination in a broad
dynamic range can be used. A method of using a TagMan probe
20 in which ABIPRISM7700™ (Applied Biosystems) is used and a
method of using LightCyclerTM (Roche Diagnostic) are given as
specific examples of the real—-time PCR technology. Especially
in the case of the latter method, the change in the amplification
amount of DNA synthesized in each cycle in a high-speed reaction
25 cycle, in which a temperature cycle is completed in several
tens of minutes, can be detected. There are four methods for

detecting DNA using the real-time PCR method: a method of using

DNA-bonding coloring matter (Intercalator), a method of using
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25 pore size of 13 Vim coated with a 120 ethanol solution of a 97:3

copol ynmer of HWM 3 (2-hydroxyethyl)nethacryl ate (hereafter abbreviated as
HEMA) and N, N-di net hyl nethacryl ate 32 (hereafter abbreviated as DV

was used as the nonwoven fabric for ES cell culture. An uncoated nonwoven
fabric was al so used. (Exanple 4 ) Al kaline phosphatase staining 5 ES cells
wer e stained using an al kali ne phosphatase kit (Cat. No. 86-R manufactured
by SIGVA Diagnostic Co.). The culture nediumwas renoved by suction from

each vell }hpryhis¢hathenEsrest! ?K%é@n&%ﬁ:éb@ﬁ,a§ fesabbbed uRikvaapl e 3.
The cells were washed one tinme with 2 of a phosphate buffered 10

physi ol Oggaﬁhnsgkbﬁe,sahut konethB8) of Aktaly theuaddski aniebrimealr of a cell
fixing fluid (25 mM of citric acid solution (Cat. No. 91-5 manufactured by

SIGW), and16bulkrdfeacaione It8islanfo Pbsifdrarabdatyide)e tthecanbunel |, the
di sh was allowed to stand for 30 seconds at roomtenperature. The fixing
fluid wasflbcreByvdedehy supreeniandbg misiofy deDVArbeddwaercodas iadded to
each well . The dish was allowed to stand for 45 seconds at room

t enpef at meeteFheudeiaenBiaaGwater I wass YERfinash Bylswboodiagdcal kalnae
phosphatase staining solution (1 mM of sodiumnitrite solution, 1 m of
first redatiteresreBifareldsl bergangltel the douRdghesranded CRIRAS-
solution, 45 m distilled water) was added in an anount, of 2 m,/well. The
di sh wasBaRAaREd tPoasEanBlof L5 ArAuCES 13 rre&GﬁoFé?ﬁﬁetlé‘FuPélgﬂtF’t\ggr
removi ng _t he staining,soluti, wel | 's. wer.e wa with 2 m

b L hed
of I flei onf 28T RECERCCTHBTERS! gd ?ﬁ%?#rbetdgc%e%ﬂaq D% Hgmciscﬁglzi égr e 1. 25
W B- ich fabr i, | aj i_hi.t ed iLqni fi tl
i h_al KRS SBROSEAR: dodoagtiurt ouad oot B, EEH R el oar ed vt
A tral. ifically, .33 I b
o1 el v TRGE s AP e TRy Yo iRomeg bR RT YRR SRH BT BARRPERURR O ole 5

ti Laty bpatd th ) anpl
zl'heQJ anhrr??% g%%???%ﬁbgaféa%‘tﬁn. &g Lt Phe@de-34 A1 gRAR % BXBRESSI ON

ene expression of ES cells was nmeasured using a

Li ght quseae@m@tia%ralére@dolaytlfi@ct&,@q?e@@:@%tfi oe-3The dedfealu ANy Was
extracted fromthe ES cell cultured by the nmethod shown in Exanple 3 using
the. SV t @oalnercially available gene-analyzing software and the like
in the same manner as in common PCR. An optimal primer must
15 be produced. Otherwise, SYBRGreen I may detect non-specific
products as well as specific products. As design criteria,
consideration should be given to the length of oligomers, the
base composition of the sequence, GC content, Tm value, and
the like. To amplify the Oct-3/4 gene, a sense primer, OCT3
20 up: 5’'-ggcgttctct ttggaaaggt gttc-3’ (Sequence ID No. 1 in
Sequence Table) and an anti-sense primer, Oct3 down:
5'-ctcgaaccac atccttctct-3’ (Sequence ID No. 2 in Sequence
Table) can be used. Although the oligonucleotide can be
synthesized using a commercially available DNA synthesizer,
25 it is possible to ask an expert to synthesize an oligomer of
any optional seguence.

In many cases, the target of determination by the PCR
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10 RNA isolation system (manufactured by Pronega Corporation) according to
the nmethod described in the attached protocol. cDNA was synthesi zed usi ng
the resulting total RNA as a tenplate and using an Adigo (dT) 12-18 pri mer
(18418-012 manufactured by G BCO BRL) and the Omi script reverse

transcri ptase 15 (manufactured by Qagen Co . ) according to the attached
protocol . PCR was carried out using 2 ~i anong the 20 ~. 1 of synthesized
cDNA as a tenplate and using A Light Cycler First Start DNA naster

SYBRG eepbtkbl (BupHiaghynad by ReehepPragnost bra) 1ACE05888 hRotihe
attached protocol. The expression anounts of 20 the Cct-3/4 gene and

gl ycer oabdekygigl1 &1 i plogpiiat endehyHe ogenase CARRHsagele dsratcaadedl were
nmeasured. A sense primer, OCT3 up: 5 -ggcgttctct ttggaaaggt gttc-3'

( Sequenceoldbd\beadtion Sygutenceudallecdvahda ted antlin skhsegwda nenetlder3 down:
5'-ctcgaaccac atccttctct-3' (Sequence ID No. 2, Sequence 25 Table) were
used to BNplufgdtdwe abctin3kingénetandasedsee préqeing GARDEMMNntS of thgt gaaggt ¢
ggtgtgaacg ga-3 ' ( Sequence ID No . 3 in Sequence Tabl eg and an anti-sense
pri , GARDHediwnedsgured' seppraiye by d rgmctlegobdeatd vy DYSEQUEREESFD No. 4,
Sequence Table) were used to anplify the GAPDH gene. The conposition of the
PCR r eacthenasehnti oh BiRl 13ieP ke dcition adsed ticor§cargashe®h PHS¥aBle 1 and

Tabl e 2, respectively. 35 Table 1 ositi f. . PCR i | uti
for Ot HoUsnbeaBtbinBRaE SHa25HR NGERSS1te TORNPSENZE BEFREFSOSS Fi nal

as the internal standard to correct the amount of the sample.

10 For example, glyceraldehydes triphosphate dehydrogenase
(GAPDH) which is a major glycdlysis enzyme; P-actin or Y-actin
which is a component forming the cytoskeleton, and genes such
as S26 which is a protein forming ribosome can be given.

The expression level of the Oct-3/4 gene is determined

15 for the cells exposed to the culture basematerial of the present
invention using the method described in the examples. The
material increasing the amount of Oct-3/4 gene expression more
than control cells differentiated from embryonic stem cells
is deemed to be the culture base material which maintains the

20 undifferentiated state of embryonic stem cells.

As another method for determining an optimized culture
base material that can maintain the undifferentiated state of
embryonic stem cells, a method of detecting an alkaline
phosphatase (ALP) activity can be given. The ALP activity is

25 known to bemaintained in undifferentiated embryonic stemcells,
but to decrease as the differentiation proceeds (Williams et

al., Nature, 336, p 684, 1988, Thomson et al., Science, 282,
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H20 13.4 Total 20..0 ~1 Table 2 PCR reaction conditions for Cct-3/4 gene
determ nation Step Program Cycle Fraction Tenp. Tine Rate of tenp. No . ~QO
sec) change C/sec) 1 Denaturation 1 2 Anplification 45 1 95600 201 9515 202
5510 203 7220 20 Melting curve 3 1 analysis 1 95 0 20 2 65 101 3 950 0.1
Oct-3/4 gene expression of ES cells cultured on the nonwoven fabric was
significantly accelerated as conpared with ES cells cultured on gelatin.
The effect was particularly 10 remarkabl e on nonwoven fabric with a

finenessPsgghgerigggp_O ThO3ABE ac O £y Scdhi B4 §eLdctd@epyanE accel eration

effect o t-3/4 expression was seen al so on nonwoven fabric coated with

HVB pol yaeg ; fEhGUh8: 3Y- aMVOIEVAIL1 )6 elev@ibpdng wasok-emrikabl y
accel erated on an Hv3-coat ed nonwoven fabric of which the surface was

previ oushypidPbeorRé et MiA hedzQmd% agueausmmohodd e vt agelagt)i methbgure 4)
From t he above result, the nonwoven fabric was al so shown to maintain ES
cel | s i nuannygndlivdeyrenidlatdad: sbabe ihgosubberatountAibnecemBbdivgpLessi on.
(Exanmpl e 6) 10 ES cell differentiation suppression assay 2 The D3ES cells
cul t r edthe Exanpkei?iwer eanabkedeteictedwblyh ceBS. sAktiadnghasdddi wiron of
0.25% trypsin solution (15090-046 nmanufactured by G BCO BRL), the m xture
was i ncubakediher phosphatteseastataingndierhaiansi-at BEPIBESLI6eFEem5 col oni es
were renoved fromthe feeder. 5 m of ES cell culture nediumwas added, the
cel | col 6Rilds @EAEUERSE ANbat £€61dsiCHg tArenEIeCippasied e ®OrOUE 15 m
sterilized tube, and centrjfuged for 5 m nutes at ?}OO rpm ;tlsi ng. g deskt op
centri f ujetemaALf a8t RECHILHERP ISR G 1EF 131 (@ Ye PESReFPBE LERES LRI s. 20

The supernatant was,removed; Theuse b Wit (HsReded 08l as

10 compared with the embryonic stem cells cultured using a cell

culture dish made of plastic coated with gelatin by the ALP
activity detection using this method.

As another method for screening the optimized culture
base material maintaining an undifferentiated state of the

15 embryonic stem cells, a method of detecting an antigen
specifically expressed in undifferentiated cells such as stage
specific embryonic antigens (SSEA) such as SSEA-1, SSEA-3, and
SSEA-4 (Smith et al., Nature, 336, p 688, 1988, Solter et al.,
Proc. Natl. Acad. Sci. U.S.A, 75, p 5565, 1978, Kannagi et al.,

20 EMBO J.2, p 2355, 1983) can be given.

In one embodiment, the surface antigen such as SSEA-1
can be labeled by incubating with the specific antibody
(primary antibody) that recognizes this antigen, and further
incubating with the second antibody (secondary antibody)

25 Dbonded with a reporter such as a fluorescence label. This

procedure can cause the cells expressing the target antigen

to become fluorescent. The labeled cells can be counted using
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in5mM of afresh ES cell culture nmedium dissem nated on a cell culture
dish with a dianeter of |I5cm previously coated with a 0.1% aqueous sol ution
of gelatin, and incubated for 20 m nutes at 37C. After 20 mi nutes, the

medi um containing 25 floating cells was collected using a pipette,

di ssem nated again in a cell culture dish wth a dianeter of 15 cm coated
with a 0. 1 o aqueous solution of gelatin, and incubated for 20 37

m nutes at 37C. After 20 m nutes, the nmediumcontaining floating cells was

col lected ??gﬂ.ﬂ?¥8dmé9h@d5tféf 'ézggrgﬂt@,b% MekRgadopi petds And chekheked by

centrifuga or 5 mnutes at rpmusi ng a desktop centrifuge. The

super nat gt Was sad’ eFRvedrand i e Geldayavie snependedeagamBeirs ofm of ES
cel | assay medium A nonwoven fabric cut into a circle with a di anmeter of

20 nm wag apleacadann theabetbtanteila dan vwd lcgldraiiitdouse tdiraiingCahe No.
3043 manufactured by FALCON) and 1 m of an ES cell assay culture nedium
was adde@ffkct odftha slelécilvsaulttve paeparaacbrtimla cahtemhpativedyof 5 X
103 cells/m in ES cell assay culture nediumwas dissem nated to culture

t he c2l| affter bedags expblsednaowey ewnf-dlated ddaick ldn smrfaogeidaksdd cul ture

di sh was previously inpregnated with PBS for 10 m nutes and then with an ES
assay culaniridodydi tive fcerd LE0C T et exP ot ednioed sesondt$Pe ¢l ARG dNabri ¢
coated with gelatin, a nonwoven fabric was prevjously inpreginat ed with PBS
for 10 nitwuteds antiiaeld surfagquedis ot RtdP sty gdios isxaBLle0 ni nut es,

and then with an ES assay culture nediumfor 10 m nutes or nore t he
nonwoven a\li"m&BﬂS@Epr'rl @St%%?qlil’]}:&:#‘t%ﬂ g,“:%énw(? *%?&&WW&&%P&%SCPET as a
Vi 13 Ry G, hebein e Hilad e ek Sep D DU AR O 1
di a er ;- 1. 7, ~. all nuf act ure i i. Or ot wer e
ulseg.g 6As %gﬁ\/\rﬁ?eﬁu%%?(:facasn% eryfc%%lmgg %%f’?ﬁ‘ﬁ%@%& béa%zlzoelln;ar%%lf)iacf%%gm%i eseTM

25 #PS14 ize: ~ i : e
@%g%g&gg%%%%é@ ggﬁ% 3 Mt ke BEHR L1658s %ﬁ%%%é@}iﬁ{@g%m%;is' ze

113.8 Vi i ese~ (average pore si ze: m

manuf act lg:&ﬁbqyti'%@!aﬁe @%@ac@éﬂ@ié‘éﬁ Qe &‘@rﬁtﬁm@% k né3@0amb EY P nb)

Quantitative determnation of the anmount of Oct-3/4 gene expression 2 5 The

anount ofgxQot1e3d 4 r0ene et essic 10fclBS el | s was nmeasured using A Light
Cycl es (manufactured by Roche Di agnostics). The total RNA was extracted

fromthe ES celTheutiiltete [yaddemaeéhpal smoanthe Exbhopte Betlsedg t he | SOGEN
(manuf actured by N ppon Gene Co. , Ltd. ) according to the nethod
15 exhibiting improved performance in the growth of
undifferentiated embryonic stem cells can be expected to be
applied to all technologies in which the embryonic stem cells
are useful.
The cells produced by using the culture base material
20 and the culture method for the present invention can be
differentiated and the differentiated cells are used for cell
transplant or for artificial construction of organs together
with artificial supporting tissues. The constructed organs
are transplanted into living bodies or used as artificial
256  internal organs. The application of the stem cells to a cell

transplant treatment and tissue engineering can solve the

problems with conventional autotransplantation such as a

25



10 described in the attached manual . Specifically, after renmoving the
culture nediumfromthe dish after culture and washing with 2 ml of PBS,
| SOGEN was added in an anount of 1 m/well . The m xture was allowed to
stand for 5 mnutes at roomtenperature and transferred into a 1.5 ni
Eppendorf tube. After the addition of 0.2 ml of chloroform (manufactured by
Wako Pure Chem cal Industries, Ltd.), the m xture was shaken for 15
seconds, allowed to stand for 2-3 mnutes, and centrifuged using a small
quantltyd§g§%§tfgget£§§@@’5¥3 &0 artddthedlr $4mB981X£9ohm0s dbnstnutes at
4C. 400 ~1 of the 20 supernatant was transferred to a new Eppendorf tube.
After thegnaddhbipRgef c8080ndref 1sopropanol (nenufactured by Wako Pure
Chem cal Industries, Ltd. ) , the mxture was allowed to stand for 10
m nutes at roonhkerpekaire ®adrdmeeririialuged wsilngrichaesimld foquarthe y
centrifuge at 14,000 x g for 10 mnutes at 4C. 25 After renoving the
super nat aptsettninwdntAbmaethasml foastlaepedduthe om xf @mdryesn ishakem and
centrifuged using the small quantity centrifuge at 10,000 x g for 5 mi nutes
at 4G Theldspkanaban Sohglevas rtewoeedmoThehprediparit 2l Wasadieed- and
di ssolved in 30 ul distilled water to obtain the total RNA solution. cDNA
was synt Hesedétiauyi agtenetiessl pifngheocall IRNASadegiréRpraterafd ysi ng
deoxyri bonucl easel (anplification grade, Invitrogen), 5 an digo (dT) 12-18
primer (18a38n012fREnEKaEPLFedPEPVELBRY BRL) Safadifie *BmiPTsér BFSr ever se

e attached

t i pt factured by Q Co. di to.t

or ot ocol ShaBaBHTEAIAPS o HeR ELDRTEBI L GRPIGS ol BRATRd by AHHEAGTL ~ 1 of
10 DNasel t.i ff d 1l <1 of 10 I t d
by 1'nvi £ POGER] LEcPS TG0 -t nBCEOEALT RS At TAARERY GCErIEeh Wiler Lo the
1 xt t h . 71 [ | Wiy [ bat ed

Tor M8 nPROREE S€ FBBAYEGHRor Sty 8L LR SP\ e Shir e or 1 o 0% o5 mi

EDTA, the, [ ,6acliQn S alkul Lon Yas fagat Iﬁg%é PLa1Qnd OYi 88r&inciSed . Thends

reaction Solution was allowed to coo 0 roomtenperature. After the

additiOnfﬁ&s%_Eekeoﬁélgl%egghfgh BE 12trddokea ANLdNLIR Mexst2oné 6F A igo
(dT) 12-18 prifer. 0. 25 -1 of RNaseOUT (G BCO BRL, Cat. No. 10777-019).

and 1 ~1.pf Qanhscihph Beseryel fhaassrodiase, A Fa risat all cardygrbupasfnade 20
~1 with the addition 20 of Rnase-free distilled water. The m xture was

i ncubat edhat 2 B¥7Er£Qrenifkyomit @ emocebl aiis andDNAdsDt ot itdre rAsparttingf the
synthetic cDNA obtained in this manner was diluted with distilled water to
5-folld. PORtwae pacdiet.oulhaidiingt2ciotecfrovie daubedifewedcDAtas a
tenplate and using A Light Cycler 25 First Start DNA master SYBR G eenl Kit
( manuf actorldah rey bRech sabieagads vifc $headeesgnig ingenfkd oat tacRé§2pr-dfbcol . The

expression anmounts of the Cct-3/4 gene and gl yceroal dehyde 40
a cell line possessing a desired hereditary alteration. If

further alteration is required, a second gene is altered in
or introduced into at least one of the cells in the first clone

20 group, whereby a second clone group of cells possessing the
first and second hereditary alterations is produced.
Alternatively, it is possible to introduce the first and second
hereditary alterations into the same embryonic stem cells to
screen both alterations at the same time, thereby avoiding the

25 necessity of isolating the first clone group. However, a
stepwise procedure is more preferable.

Any optional method for producing a hereditary

26



tri phosphat e dehydrogenase (GAPDH) gene as an internal standard were
nmeasured. A sense priner, OCT3 up (Sequence ID No. 1 in Sequence Table) and
an anti-sense prinmer, Oct3 down (Sequence ID No. 2, Sequence Table) were
used to anplify the Oct-3/4 gene. A sense priner, GAPDH up (Sequence |ID No.
3 in Sequence Table) and an anti-sense primer, GAPDH down (Sequence |D No.
4, Sequence Table) were used to anplify the GAPDH gene. The conposition of
the PCR reaction solution and the reaction conditions are shown in Table 3

and Tabl @ r4nsk8SRAGH ¥ebin iH0+Habl & rh P esielicodr alo 1RER r8aBE b0BgFOl ut i on
for Oct-3/4 gene determ nation 25mM MgCd 2 10. M Sense Prinmer 10M Anti sense

Prinmer cBif pe- ekd @il weirea) tA@XLe MNAcMASher dd2Q sTot alich. 80méEhsdl conc.
0.25 VimO0.5Final conc. 0.25 Vim2.02.013. 420. 0~ 41 Tabl e 4 PCR reaction
condi ti onscloadeest batd igene tdatiainbiedattiogn aStrer hiBdogrfams@ng @ Fracti on Tenp.
Time Rate of tenp. No . (C sec) change ~C/sec) 1 Denaturation 1 1 95 600
20 2 Anplokiitdtieomedd tives st 2@ i e55etd 020 d@ st idePPelow (USP
5 5,464,764, USP 5,487,992, USP 5,627,059, and USP 5,631,153 to
Capecchi et al.).
Furthermore, a yeast artificial chromosome (YAC) can be
used for the hereditary alteration described below (USP
5,981,175). Another method that can be included is a method
10 described in USP 5,591,625 to Gerson et al. that relates to
preparation of stem cells that may increase expression of
specific gene products, signaling molecules, cell surface
proteins, and the like for a medical treatment application of
the prepared stem cells. These patents are incorporated as a
15 whole ih this specification as references for all purposes.
As clear for a person skilled in the art, expression of
altered gene products can be achieved by alteration of the
coding sequence of the gene product or alteration 6f the
adjoining region of the coding sequence. Therefore, the term
20 “hereditary alteration” used in the present specification
includes the alteration of the sequence encoding the gene
product and the alteration in the adjoining region, especially
the alteration in the 5’ upstream side of the coding sequence
(including the promoter). Similarly, the term “gene” includes
25 a coding sequence, regulatory sequences which may be present

adjoining with the coding sequence, and other sequences

adjoining the coding sequence. In addition, as known in the
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Melting curve 3 11 95 0 20 analysis 2 65 10 1 3 95 0 0.1 Cct-3/4 gene
expression of ES cells cultured on the nonwoven PET fabric was
significantly accelerated as conpared with the ES cells cultured on a

pl astic dish. The effect of maintaining the Cct-3/4 gene expression on the
nonwoven fabric with an average pore size of 12.0 ~mwas confirned to be
equi valent to that on ESGRO 100.0 unit/m (Figure 5 . The sane effect was
confirmed when the plastic dish and nonwoven fabric were inpregnated with
gelatin (fRicdW @ BlcernRECial healed.t afriyom1t? lahie caimmant bef a@ala-id3/edl gane
expression the nonwoven PET fabric was confirned to maintain

undi f f er enfdraicet icendi huonsiofadie wh telibes. nd b rastiddz0m, 1 He.dladenoven
fabric with an average pore size of 12 ~. mwas confirmed to be nost

ef f ecti valll genbmesapguranrer insoi cethe Cﬁrs:e exfanipies ndywdwneroeEE inabric, it
was |5 confirmed that a cellul ose nonwoven fabric can al so maintain 42

t he oct 3/a4 ngerie iex @radsk ivdn qFimpyr e7)insanrtad tintalbovwenamalky t he nonwoven
fabric was al so shown to maintain ES cells in an undifferentiated state

f r om P he r@eewhingfti@a)-3/ 4 gene expressi on. 5 (Exanple 8) ES cell

differentiation suppression assay 3 The D3ES cells cultured in Exanple 2
wer e washed tw@ée\ﬁetlﬁspﬁﬁlt%ﬁ%ranlq{é’%aart?%ﬁ Wiing ?@%‘f‘lﬂyb‘é?‘ﬁ bs"‘(ﬂeutl on

15090- 046 manuf.act ur ed Ad BCO BR e mxture 10 was
|( ncubat ed¥&T 5 PR Egea ukggre Ll-quer&‘ﬁ Fgﬁeﬂr%)%%%‘t: AT YhiTEY wer e
renoved from.,the

f I | di d h |1
col oni es Jfefd TGiC glﬁgfg’@dtﬂgl %pg%ﬁ%ﬁfeta%‘%?%é ;gcgrneane | 31 ﬁat ceds %nltd)l\}:tét{j SOC:

15 mM st f f t
2 doskt o L kA Sf—‘gtﬁ} o The HOEds| Sha eS8 Wﬁsﬁ%ﬁ?% P "
the qgll spa %m%edmt ity VAS JtSIOMRA 1 ol &lHah SUSReRERE agpin in 5

m of a fres ES cell u ture medi Um~ di ssem nat ed on a cell” culture dish

With a digiegla0fs dfnenPmem B desnatad Mt ide s la naghueofisy sol ution
of gelatin, and 20 incubated for 20 mnutes at 37C. After 20 m nutes, the

nedi um ccy&xaéerﬁlrrg; fd eatdi o eald s Waso1ot | eEeTb s I BL Pi et iee
di ssem nated again in a cell culture dish with a dianmeter of 15 cm coated
with a 0.sibstaemts. sahet cenlef mgel béi transformedbay ed Sporc 26 arigartees at
37C. After 20 minutes, the nedium 25 containing floating cells was
col | ect edranckinovedy ONA ibahiladtedrs | ezpdetake , usT kgoakpiyist tke araheel | et ed
by centrifugation for 5 mnutes at 800 rpm using a desktoi) centrifuge. The
43 15 product. Many compounds can be quickly and precisely screene
by combining the cells attached to chips in this manner with
a measuring device such as a computer, for example. Abiosensor
can also be arranged and combined with measuring for
large-scale parallel screening.
20 Moreover, a reporter gene can be incorporated into DNA
of the embryonic stem cells functionally combined with a copy
of a gene relevant to specific disease conditions by using the
method mentioned above. The reporter is sensitive to both a
transcriptional phenomenon and a post-transcriptional
25 phenomenon. The stem cells can differentiate in such a manner

that each differentiated descendant may contailn one copy of

disease gene and reporter structure, respectively.
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supernat ant was renoved and the cells were suspended again in 5 m of ES
cell assay nedium After the addition of 0.5 m of Asahi Kasei mcro
carriers (average pore size: 30 Vim manufactured by Asahi Kasei

Cor poration, Japan) to a 24-well cell culture dish (Cat. No . 3047

manuf actured by FALCON, U S . ) , an ES cell solution prepared in
suspending cells in an ES cell culture nmediumat a concentration of 2X103
cells/m or 1x104 cells/m was charged in an anmount of 0.5 m/well. The
cells W_eéﬁbgggg%ﬁ%ﬁyf, Ofhds d A3 1 238G dPedn &Y0iEOE gL PRSRNGN Bredhifed0 sanpl e
cont ai ni ng ES wasS prepared by previously adding ESGRO to the cell

sol utionpbgidafii RakaepBRENERBELEN 0h thisORAnHAEKLSAgl is PbeEObTArtbers were
suspended in PBS, sterilized for 20 m nutes under pressure while heating at
121C, repbatedaby 8Re Eferieldxprddsiron ardi the mexbouspandedpoteaniks cel |

cul ture nedium of 15 the anmount 4 tinmes the bed volune. Mcro carriers

coat ed wmkHigelatter vmsret Saertddr wethuwidediffessotéatiopl atatde mf 8he. | o
aqueous solution of gelatin, and suspended in an ES cell culture nedi um of
an arbunteldlsi.neBhitetee obl sprcepRanpteadygponaviahei iBpieeedEedr m nati on
of al kaline phosphatase The al kal i ne phosphat ase activity of the ES cells
was det eBiLAEICRS gy Ve em tonsitk b PR iRt B3 A1SieHs (TPrEa8EEIRE.

NPPD- 1000, nmanufactured by MOSS Inc. of the U S., hereinafter referred to
as p- NPPEC 3RRreRtiafe SR et BR8Pt uct CFi et BRPEAERTHRPF in

whi ch the ES cell s were cultured as descrihed in nple 8 . The cells were
washed t RfedDE REESRPERTLOH & é:YRr?o?ﬁﬁ&tré%ﬁﬁlf F&Eﬁepl?fﬁscﬁn&gi cal saline

44 | ution (PBS), . After .the additi f 200Q.~1 of. _p-NPP h well,

the m xt HPEARES CARE e “Fo CAEATd Por FONReRu R ES GO Vit ur . 25 -1

of 8y sodi um Rydr Oefrl-%%ﬁ%nut&mh\@a%&d%% mg%n%agtl \efg's'sito% hegahnate the
of th S char&e t I

reaction. 100 ~1 e reaction solution 0 a 9o0-wel m cro

test platend Rty N +RQ7ZBUH BE g dobY 1 AL Bt ithe dd deScribed The
absorbencies of the solution at 405 nm (0. D. 405) and at 690 nm (O D. s90)

were meagur egausilRg sakaabser Raree tie iRt reRECT A MEEQ mwTuf act ured by
Mol ecul ar Devices, Inc.) to determ ne the 10 al kali ne phosphatase activity

as the dighbarerReentQaRi9d50fOch® embHPInDE §tem asldardenditered Tengesul ts
are shown in the graph of Figure 8. The al kali ne phosphat ase activity of

t he ES celhesceltitits dseshaige nial andathie end tware e gnod ifoanthg plriegleert t han

t he al kal i ne phosphatase activity of the ES cells cultured I'5 w thout using
t he A% crdnvamtiiems. The embmyerdar stem adlls cuppore@dsimdi fiecudttivaeed ES
cell culture. |INDUSTRI AL APPLI CABI LI TY According to the present invention,
enbryoni bastemrterisl znd fhgncuhtinrearehodfed shatrastnhéyertdrdd in a
| arge anobunt and in a safe nmanner in the abhsence of feeder cells or feeder
cel I - der idFé&d ddisaatis teth @ nehiisashifo St ic iTaR Bl e&F ¥ useful and
can be applied to.the fields .of cell cul &gre, &ilssue tgansplt%nt ation, drug
devel op S T e AF Y E LR o H9RE o | KES F§11S may be elther

hereditarily unaltered or hereditarily altered using the
20 above-described method. The pluripotent cells identified as
highly expressing the Oct—-3/4 gene may be specifically isolated
and may be used for cell transplant or for further culture and/or
alteration as mentioned above.
Furthermore, the use of the culture base material and
25 the cellular method of the present invention for providing a
culture product of altered or unaltered embryonic stem cells

may be applied to monitoring embryonic stem cells or screening
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CLAIMS 1. A culture base material for enbryonic stemcells conprising a
porous material. 5 2. The culture base material according to claiml,
wherein the culture base material can maintain the enbryonic stemcells in
an undifferentiated state. 3 . The culture base material according to claim
1 or 2, wherein the culture base material conprises neither feeder 10
cells nor feeder cell-derived conponents. 4. The culture base materi al
according to any one of clainms 1 to 3, wherein the porous material is a

nonwoven shakribe cesSthdPa Ll pievhassl et el bilo Reser dtdg dea 19y ene of
claims 1 to 4, wherein the porous material is coated wwth a 15 pol yner

conpoundex@mplle aubtesemedsempayenial saesordingahnplamyngneubktahaens 1 to
5, wherein the porous nmaterial has an average pore size of 0.1-150 Vim 7
Anet hosalyobeculitiedi ng eher yenilc calemreepkrsdaonppirsiinfe2@teasi nginke
cul ture base material according to any one of clains
the above-mentioned method. As compared with a control cell
5 culture product deficient of a presumed embryonic stem cell
amplification factor, a substance that increases Oct-3/4 gene
expression to a certain level is identified as an embryonic

stem cell amplification factor.

10 EXAMPLES
Examples will now be described. These examples
illustrate only one of the embodiments of the present invention
and are not intended to 1limit the scope of the present invention.
(Example 1)
15 Preparation of embryonic stem cell culture medium
To proliferate embryonic stem cells, an ES cell culture
medium was prepared by adding the following factors to
Dulbecco’s Modified Eagle Medium (hereinafter referred to as
DMEM, Cat. No. 11995, manufactured by GIBCO BRL Co.) at final
20 concentrations shown below. 15% fetal calf serum
(manufactured by BIO WHITTAKER), 0.1 mM B-mercaptoethanol
(manufactured by SIGMA) , 1x nonessential amino acid stock (Cat.
No. 11140-050 manufactured by GIBCO BRL Co.), 1 mM sodium
pyruvate (Cat. No. 11360-070 manufactured by GIBCO BRL Co.),
25 2 mM L-Glutamine (Cat. No. 25030-081 manufactured by GIBCO BRL
Co.), and 1000 units/ml ESGRO (manufactured by CHEMICON

International Inc. (product number ESG1107): containing mouse
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1 to 6 to culture the enbryonic stemcells while maintaining the cells in
an undifferentiated state. 8 . A nethod for capturing enbryonic stemcells
conprising using the culture base material according to any one of clains
25 1 to 6 to capture the enbryonic stemcells froma cell solution
containing the enbryonic stemcells. 9. A cell capturing material for
enbryonic stemcells 46 conprising the culture base material according to
any one of claims 1 to 6. 10. An enbryonic stemcell culture apparatus

conpri si Rgpt he Gebl-+GIRt YA iR MBLE i.alAr@@@OEQll[‘gaéé%g}élc%il'{‘u%eoﬁgh§qmi nas
container. 10 15 20 25 47 "A3r.ASE. AfE.A SE. A f2. A A | . A@. ASE. A

S2. ASE. Agh A . AsSh @%@-e&%@i@t@-n(a\shpﬁreﬁ’sé\%ﬁEaé\Ea?@ésA\lp@ép%fr%dAbﬁi Af 2. A
, Y.A3l . ASE. A, Y. A @. ASE. ASE. A f2. A f2. A3y2. A@. Al . AtE.A SE. A SE A
@ . AQY. AS¥mBIBEGABEGAROl from this ES cell culture medium.
(Example 2)
5 Culture of embryonic stem cells
Gelatin (Type A: from porcine SKIN, G2500 manufactured
by SIGMA Co.) ,was dissolved in distilled water to a
concentration of 0.1%, was sterilized. A dish for cell
culture with a diameter of 6 cmwas coated to 5ml of a sterilized
10 0.1% agueous solution of gelatin, and allowed to stand at room
temperature for 10 minutes or more. The agqueous solution of
gelatin was removed. 2 x 10° mouse embryo primary culture cell
(Cat. No. YE9284400 manufactured by Lifetech Oriental Co.)
treated with mitomycin C (manufactured by KYOWA HAKKO KOGYO
15 Co., Ltd.) was disseminated and cultured for 5 hours or more
at 37°C in 5 ml of DMEM containing 10% fetal bovine serum
(manufactured by GIBCO BRL) using a 5% CO; incubator
(manufactured by Tabai Espec Corp.). D3ES cells of mouse
embryonic stem cell line (available from Rolf Kemler, Max
20 Planck Institut fur Immunbiologie, Stuheweg 51, D-79108
Freiburg, Germany) were disseminated over the feeder layer of
mouse embryo primary cultured cells (fibroblast cells). The
cells were cultured and proliferated for two days at 37°C in
5 ml of ES culture medium using a 5% CO; incubator.
25 (Example 3)
ES cell differentiation suppression assay

The D3ES cells cultured in Example 2 were washed twice
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109 ()--"1109% ()-3, SH109%& ()- & Z10%&' ()- F(!10%& ()-LA

u51x|Ng#gaygag<&$pyuspsg1@%ﬂe&k¢¥mycentrlfuge The supernatant was

removed and the cells were suspended again in 5 ml of ES cell
assay medium. A nonwoven fabric was placed on the bottom of
a 6-well cell culture dish (Cat. No. 3046 manufactured by

20 FALCON). 1x10%cells were disseminated on the nonwoven fabric
and cultured for 7 days in 3 ml of ES cell assay culture medium.
A nonwoven fabric made from PET (polyethylene terephthalate)
as a basematerial with a fineness of 0.014 denier and an average
pore size of 10 Um (or a fineness of 0.03 denier and an average

25 pore size of 13 pm) coated with a 12% ethanol solution of a
97:3 copolymer of HM-3 (2-hydroxyethyl)methacrylate

(hereafter abbreviated as HEMA) and N,N-dimethyl methacrylate

32



10ff 10ff 10ff!S; Z109%f & ()- 99! 109%& ()- Y7109%& ()-A ~
}A<USIX! NI X3- f #10%.<L<& ()-g $y#10%<&' ()-S!'f $y#109%&<Z<& ()-S
&F #10%<& ()-f!S & #10%<C<&' ()-f g#10% & () -

| ~u=-\: XI NIl Nf g#10%JOUCE. () - ! Df g#10%KOKOE' () - 10< 10<
10<<s10%& ()-!Y7! 109%& () - 3-f#109%& ()-g=z[ 9~\: XI NI \

- y#10%008& () - S$z#10%08& () - T!\ $z#10% CcO& () - TOg#10%0& () - z! S9g#109ZCZO& () -
2] f g#10%00& ()-~\: XINI'! SF#10% (& ()-! @ SF#10% ( (& ()-! @ SF#10% ( (& ()-

100 100 J(HQ?. ;9%@& é]))b}:gvi-g%/@‘ a@ M)} 83\ n XA £ 3-oHEL QYRkis&n( Fakric
I a3- y#10%4\( A(& ()-zZ $y#10 -@a Sy#109A(A(& () - @ISHI0% & ()-g'S

9S#1098( 36& H9 c8Z 2 duEu¥d. f Mﬁlﬂ%c{aﬁtéd nbdwby #0044 2 &whl-dllso used.
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S10% & (pikafl#h@%h&sphalase staining
5 ES cells were stained using an alkaline phosphatase kit
(Cat. No. 86-R manufactured by SIGMA Diagnostic Co.). The
culture medium was removed by suction from each well in which
the ES cells were cultured as described in Example 3. The cells
were washed one time with 2 ml of a phosphate buffered
10 physiological saline solution (PBS). After the addition of 2
ml of a cell fixing fluid (25 ml of citric acid solution (Cat.
No. 91-5 manufactured by SIGMA), and 65 ml of acetone, 8 ml
of 37% formaldehyde) to each well, the dish was allowed to stand
for 30 seconds at room temperature. The fixing fluid was
15 removed by suction and 2 ml of deionized water was added to
each well. The dish was allowed to stand for 45 seconds at room
temperature. The deionized water was removed by suction and
alkaline phosphatase staining solution (1 ml of sodium nitrite
solution, 1 ml of first red violet LB salt solution, 1 ml of
20 naphtol AS-BI alkali solution, 45ml distilled water) was added
in an amount of 2 ml/well. The dish was allowed to stand for
15 minutes at room temperatufe. After removing the staining
solution by suction, the wells were washedwith 2ml of deionized
water. The stained image of each well is shown in Figure 1.
25 Wells (B-D) on which a nonwoven fabric was laid exhibited a

significantly high alkaline phosphatase activity as compared

with the gelatin coated well (A) as a control. Specifically,
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ES cells in an undifferentiated state.

(Example 5)

Quantitative determination of the amount of Oct-3/4 gene
5 expression.

The amount of Oct-3/4 gene expression of ES cells was
measured using a Light Cycler (manufactured by Roche
Diagnostics). The total RNA was extracted from the ES cell
cultured by the method shown in Example 3 using the_SV total

10 RNA isolation system (manufactured by Promega Corporation)
according to the method described in the attached protocol.
cDNA was synthesized using the resulting total RNA as a template
and using an 0ligo (dT) 12-18 primer (18418-012 manufactured
by GIBCO BRL) and the Omni script reverse transcriptase

15 (manufactured by Qiagen Co.) according to the attached protocol.
PCR was carried out using 2 pl among the 20 Pl of synthesized
cDNA as a template and using A Light Cycler First Start DNA
master SYBRGreenI kit {(manufactured by Roche Diagnostics)
according to the attached protocol. The expression amounts of

20 the Oct-3/4 gene and glyceroaldehyde triphosphate
dehydrogenase (GAPDH) gene as a control were measured. A sense
primer, OCT3 up: 5’'—-ggcgttctct ttggaaaggt gttc-3’ (Sequence
ID No. 1 in Sequence Table) and an anti-sense primer, Oct3 down:
5’—-ctcgaaccac atccttctct-3’ (Sequence ID No. 2, Sequence

25 Table) were used to amplify the Oct-3/4 gene. A sense primer,
GAPDH up * 5'-ggtgaaggtc ggtgtgaacg ga-3’ (Sequence ID No. 3 in

Sequence Table) and an anti-sense primer, GAPDH down -
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10 10pM Sense Primer 0.5 (Final conc. 0.25 um)
10uM Antisense Primer 0.5 (Final conc. 0.25 um)
CDNA 2.0
10xLC-DNA Master 2.0
H,0 13.4
Total" . 20.0 u1

5 Table 2 PCR reaction conditions for Oct-3/4 gene determination

Step Program Cycle Fraction  Temp. Time Rate of temp.

No. Cc) (sec) change
Cc/sec)
1 Denaturation 1 1 95 600 20
2 Amplification 45 1 95 15 20
2 55 10 20
3 72 20 20

Melting curve

3 1 1 95 0 20
analysis
2 65 10 1
3 95 0 0.1

Oct-3/4 gene expression of ES cells cultured on the
nonwoven fabric was significantly accelerated as compared with
ES cells cultured on gelatin. The effect was particularly

10 remarkable on nonwoven fabric with a fineness smaller than 0.03
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y#10%&' () - & SH10%&' ()-y 10( 10( 10(<10% & ()-!'f3f5y#10%(F(& () -
VVWXXSYV Wdet7 (Figure 3) Moreover, expression of Oct-3/4 was
10<10%&f%)-'fo/#lO%BFSF&T()-'f}3y/#10%33&f()-'f3#10%33&f()-'hB#lO%&f()-'IS
#109&' () reymaykapy z aLjckl e1@<dd@%on! bQYHE3C-codt¥d nonwoven fabric of
#10%K<&'() L' T109%<& ()-L10%& ()-sf 10%& ()-
which the surface was previously impregnated with a 0.1%
aqueous solution of gelatin (Figure 4). From the above result,
the nonwoven fabric was also shown to maintain ES cells in an
undifferentiated state from the amount of Oct-3/4 expression.
(Example 6)
10 ES cell differentiation suppression assay 2
The D3ES cells cultured in Example 2 were washed twice
with PBS. After the addition of 0.25% trypsin solution
(15090-046 manufactured by GIBCO BRL), the mixture was
incubated for 5 minutes at 37°C. Undifferentiated D3ES cell
15 colonies were removed from the feeder. 5 ml of ES cell culture
medium was added, the cell colonies were distributed using a
small pipette, moved toa 15ml sterilized tube, and centrifuged
for 5 minutes at 800 rpm using a desktop centrifuge
(manufactured by TOMY SEIKO Co., Ltd.) to pellet the cells.
20 The supernatant was removed. The cells were suspended again
in 5 ml of a fresh ES cell culture medium, disseminated on a
cell culture dish with a diameter of 15cm previously coated
with a 0.1% aqueous solution of gelatin, and incubated for 20
minutes at 37°C. After 20 minutes, the medium containing
25 floating cells was collected using a pipette, disseminated

again in a cell culture dish with a diameter of 15 cm coated

with a 0.1% agueous solution of gelatin, and incubated for 20
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"f#10%' E)loBEting cells was collected and moved to a sterilized tube
using a pipette and pelleted by centrifugation for 5 minutes
at 800 rpm using a desktop ceéntrifuge. The supernatant was
5 removed and the cells were suspended again in 5 ml of ES cell
assay medium. A nonwoven fabric cut into a circle with a
diameter of 20 mm was placed on the bottom of a 12-well cell
culture dish (Cat. No. 3043 manufactured by FALCON) and 1 ml
of an ES cell assay culture medium was added. 1 ml of a cell
10 solution prepared to a concentration of 5 x 10° cells/ml in ES
cell assay culture medium was disseminated to culture the cells
for 7 days. The nonwoven fabric laid on a 12-well cell culture
dish was previously impregnated with PBS for 10 minutes and
then with an ES assay culture medium for 10 minutes or more.
15 With the nonwoven fabric coated with gelatin, a nonwoven fabric
was previously impregnated with PBS for 10 minutes, with 0.1%
aqueous solution of gelatin for 10 minutes, and then with an
ES assay culture medium for 10 minutes or more.
As the nonwoven fabric for ES cell culture, nonwoven
20 fabrics made from PET as a base material having an average pore
size of 8.6 Um (fiber diameter: 1.15 pm), 12.0 pm (fiber
diameter: 1.2 Hm), or 13.4 pm (fiber diameter: 1.7 um) (all
manufactured by Asahi Kasel Corporation) were used. As
nonwovenfabricsmadefromacéllulosebasematerial,BemlieseTM
25  #PS140 (average pore size: 47 um), Bemliese™ #TS327 (average
pore size: 113.8 pm), and Bemliese™ #SF184 (average pore size:

114.1 pm) (all manufactured by Asahi Kaseil Corporation) were
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Quantitative determination of the amount of Oct-3/4 gene
expression 2
5 The amount of Oct-3/4 ¢gene expression of ES cells was
measured using A Light Cycler (manufactured by Roche
Diagnostics). The total RNA was extracted from the ES cell
cultured by the method shown in Example 6 using the ISOGEN
(manufactured by Nippon Gene Co., Ltd.) according to the method
10 described in the attached manual. Specifically, after
removing the culture medium from the dish after culture and
washing with 2 ml of PBS, ISOGEN was added in an amount of 1
ml/well. Themixture was allowed to stand for 5 minutes at room
temperature and transferred into a 1.5 ml Eppendorf tube.
15 After the addition of 0.2 ml of chloroform (manufactured by
Wako Pure Chemical Industries, Ltd.), the mixture was shaken
for 15 seconds, allowed to stand for 2-3 minutes, and
centrifuged using a small quantity centrifuge (TOMY SEIKO Co.,
Ltd.) at 14,000 x g for 15 minutes at 4°C. 400 pl of the
20 supernatant was transferred to a new Eppendorf tube. After the
addition of 500 Pl of isopropanol (manufactured by Wako Pure
Chemical Industries, Ltd.), the mixture was allowed to stand
for 10 minutes at room temperature and centrifuged using the
small quantity centrifuge at 14,000 x g for 10 minutes at 4°C.
25 After removing the supernatant, 1 ml of 70% ethanol was added.

The mixture was shaken and centrifuged using the small quantity

centrifuge at 10,000 x g for 5 minutes at 4°C. The supernatant
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using deoxyribonucleasel (amplification grade, Invitrogen),
5 an 0Oligo (dT) 12-18 primer (18418-012 manufactured by GIBCO
BRL) and the Omni script reverse transcriptase (manufactured
by Qiagen Co.) according to the attached protocol.
Specifically, a reaction solution was prepared by adding 1 pl
of 10 x DNasel Reaction Buffer and 1 M1 of 10 x DNaseI (both
10 manufactured by Invitrogen) to 1 ug of the total RNA, and adding
distilled water to the mixture to make the total amount 10 pl.
The reaction solution was incubated for 15 minutes at room
temperature. After the addition of 1 pl of 25 mM EDTA, the
reaction solution was heated for 10 minutes at 65°C. The
15 reaction solution was allowea to cool to room temperature.
After the addition of 2 ul of 10 x Buffer RT, 2 Ul of 5 mM dNTP
Mix, 2 Bl of Oligo(dT) 12-18 primer, 0.25 Ml of RNaseOUT (GIBCO
BRL, Cat. No. 10777—019), and 1 Ml of Omniscript Reserve
Transcriptase, the total amount was made 20 M1 with the addition
20 of Rnase-free distilled water. The mixture was incubated at
37°C for 60 minutes to obtain a cDNA solution. A part of the
synthetic cDNA obtained in this manner was diluted with
distilled water to 5-fold. PCR was carried out using 2 pl of
the thus-diluted cDNA as a témplate and using A Light Cycler
25 First Start DNA master SYBR GreenI kit (manufactured by Roche
Diagnostics) according to the attached protocol. The

expression amounts of the Oct-3/4 gene and glyceroaldehyde
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S5Y#10%<& ()-$VI[<nb@ 10< &y#10% & ()-z! X &y#1098(8(& ()-z @#10% & ()-! @
@#10% ( (& ()- | @#10%)& ()- y @#10%rt Y& ()-V8s/ I }[<nb@ 10<

9910% & ()-!\3-y#10%><>& ()-G 3-y#10%& ()-G ! 13-y#10% () (& () -G

$"10% & ()-f!'k $"10WK(K(& ()-f-~\=0

10<g#10%<& ()-f!\ g#l09P<P<& ()-f| SH109%& ()-f!| S#10%<<& ()-f 10( 10(
10(<10% & ()--\KD}[9~\=0 10!t -y#10%i<h<& ()-'!'\ -y#109%P<P<& ()-"
$y#1o%&'t@ipﬁbgp%mo%ﬁ@g&;o%hg o&f HEQYR) ( \yetlD &f ALO%B 858D - 2DGHI I/ |1 0

10! ' Dz#1098<8<& () -1S"10 -y 1S"10% & ()-y!' 1 S"10%<& ()-y 10< 10<
10<<10%&'tehadliOWtr@ measured. A sense primer, OCT3 up (Sequence ID
No. 1 in Sequence Table) and an anti-sense primer, Oct3 down
(Sequence ID No. 2, Seguence Table) were used to amplify the
5 Oct-3/4 gene. A sense primer, GAPDH up (Sequence ID No. 3 in
Sequence Table) and an anti-sense primer, GAPDH down (Sequence
ID No. 4, Sequence Table) were used to amplify the GAPDH gene.

The composition of the PCR reaction solution and the reaction

conditions are shown in Table 3 and Table 4, respectively.

10

Table 3 Composition of PCR reaction solution for Oct-3/4 gene

determination

25mM MgCl,

10UM Sense Primer (Final conc. O.25um)
10pM Antisense Primer (Final conc. 0.25pm)
cDNA (5-fold dilution)

10xLC—-DNA Master

N N O O

HoO 13.
Total 20.

o .~ O O U U o
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& ()-!Dz#1098<8<& ()- @ Z80 10!; fSHI0% (& ()-!,; fSHIOW ()-
fSH109AN\ T& ()-!; FSHI0% (& ()- 10< 10< 10<<10%& ()-#aS}"<| Z80

10! I S3. y#1098(3( & ()-: 3$f #10%&' () - g! D3$F #10%(S(& ()-g L#lO@&&f()-g!S
L#1098(3(& ()-g fSHI0%& ()-svwy.~ @ 10!! & 10%&' ()-"

!10%&T() “f1109%& ()- 10( 10( 10(<10% & ()-!a3. y#lO%A(A(&T() Z]*_" hbAO
10! ! ; Ly410%&' ()-Ly410%& ()-Ly410%& ()- 10 10

10<10%&' (['lablgzog/@c(l?) 2 ONKYL OAQ HY i@V &) 0S#-3/4 gene determination

109%& ()-! "109NN& ()-!"10%& ()- DLy410% ()-)!; Ly410% ()-"qY?A0 10! @
10%& ()-%$ @ 109& ()- @

Step Program Cycle Fraction Temp. Time Rate of temp.
No. c) (sec) change
(°c/sec)
1 Denaturation 1 1 95 600 20
2 Amplification 45 1 95 15 20
2 55 10 20
3 72 20 20
Melting curve
3 1 1 95 0 20
analysis
2 65 10 1
3 95 0 0.1

Oct-3/4 gene expression of ES cells cultured on the
nonwoven PET fabric was significantly accelerated as compared
with the ES cells cultured on a plastic dish. The effect of

5 maintaining the Oct-3/4 gene expression on the nonwoven fabric
with an average pore size of 12.0 um was confirmed to be
equivalent to that on ESGRO 1000 unit/ml (Figure 5). The same
effect was confirmed when the plastic dish and nonwoven fabric
were impregnated with gelatin;(Figure 6). Specifically, from

10 the amount of Oct-3/4 gene expression the nonwoven PET fabric
was confirmed to maintain undifferentiated conditions of the
ES cells. Inaddition,thenoﬁwovenfabricwitheu1averagepore
size of 12 um was confirmed to be most effective. In the same
manner as in the case of the nonwoven PET fabric, it was

15 confirmed that a cellulose nonwoven fabric can also maintain
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3<109%& ()- 33F4f #10%& ()-" 3F4f #109N& ()-° 3, MLO% ! & ()-m :

10%4& ()--hTd|[: NMO 110 $z#10%E#& ()-f 3g#10% E# & ()-S g#l0%E#z& ()-S
3g#10% J' & ()-f g#10%EH#U& ()-f | @ 10%EH#& ()-fs| obU4D 1

| " 109EHE ()-210' E# 10' E# 10' E# 3<10%E# & ()- - y#109EH#& ()-:

- y#10% E#z & () 3$z#10% E# & ()-fs|[:bU40 1 3*S10% E# & ()- zH#L109EH& () -

281 0VEH! 99 1 S p3hil 2 T30
| " 100 &'t%)e th 1%5% éx%eféllégé#wo B ) g e Ei%dge% SL'?EE#%%E#&' () -

+HHL0YEH &t b- Hoﬁ{vovgﬁofabﬁ:L@fvﬁaﬂé)%l@B ShownZ t o Sh#IVEHE K9 - Ils in an
& #10%HE#D& ()-S 3g#10% b ' & ()-f | g#l0%E#p& ()-f 3If"10% E# & ()-S vU40
3S" 10%#&n0) rrePeh@¥d#&d( bth1@ E#okO'thé hbob#'t IL1OULESR/& (@ene
-y#109EH#H&' () - '-y#lo%E#&f()-:@Dli|[:vU4O
expression.
5 (Example 8)
ES cell differentiation suppression assay 3
The D3ES cells cultured in Example 2 were washed twice
with PBS. After the addition of 0.25% trypsin solution
(15090-046 manufactured by GIBCO BRL of the U.S.), the mixture
10 was incubated for 5minutes at 37°C. Undifferentiated D3ES cell
colonies were removed from the feeder. 5 ml of ES cell culture
medium was added, the cell colonies were dispersed using a
pipette with a small diameter, moved to a 15 ml sterilized tube,
and centrifuged for about 5 minutes at 800 rpm using a desktop
15 centrifuge (manufactured by TOMY SEIKO Co., Ltd.) to pellet
the cells. The supernatant was removed. The cells were
suspended again in 5 ml of a fresh ES cell culture medium,
disseminated on a cell culture dish with a diameter of 15 cm
previously coated with a 0.1% aqueous solution of gelatin, and
20 incubated for 20 minutes at 37°C. After 20 minutes, the medium
containing floating cells was collected using a pipette,
disseminated again in a cell culture dish with a diameter of
15 cm coated with a 0.1% aqueous solution of gelatin, and
incubated for 20 minutes at 37°C. After 20 minutes, the medium
25 containing floating cells was collected and moved to a 15 ml

sterilized tube using a pipette and pelleted by centrifugation

for 5 minutes at 800 rpm using a desktop centrifuge. The
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3 3 $y#10%#& ()-- Sy#10% 1#f & ()-- 3 &SHI0%W#& ()-f &SHI0YK1#K& ()-f 3
f#1094#& ()-y w f#L109WMAW () -yl LMNOvUW40 3L'110%#& ()- 3 S!'10%u

& ()-101#101#101# 3<10%#& ()- 3-y#10%01#0& ()-:

3-y#10% 1#k& ()-:=z6qt]|[: vW0 3 3s!10%#& ()-3 3 310%#& ()- 3sfy
1094#& () - 3 & 10%#& ()- #10%#& ()- 3 10%#& ()-%()|\@Wo0 3 3f

109 ()-Z2 f 109% ()-Z 3y 109%k ()-3 3y 10%#& ()-3 3y 109%& ()-3
3sF10%#& ()-)*. DEl _"tT<40 3y & 10%& ()-Zzf 10%& ()-Zy f 10% ()-Z
f supernatant was removed and the cells were suspended again in

5 ml of ES cell assay medium. After the addition of 0.5 ml of
Asahi Kasei micro carriers (average pore size: 30 HUm,
manufactured by Asahi Kasei Corporation, Japan) to a 24-well
5 cell culturedish (Cat. No. 3047 manufactured by FALCON, U.S.),
an ES cell solution prepared in suspending cells in an ES cell
culture medium at a concentration of 2x10° cells/ml or 1x10*
cells/ml was charged in an amount of 0.5 ml/well. The cells
were cultured for 7 days at 37°C in a 5% CO; atmosphere. The
10 sample containing ESGRO was prepared by previously adding ESGRO
to the cell solution to a final concentrationof 1,000 units/ml.
Micro carriers were suspended in PBS, sterilized for 20 minutes
under pressure while heating at 121°C, replaced by an ES cell
culture medium, and suspended in an ES cell culture medium of
15 the amount 4 times the bed volume. Micro carriers coated with
gelatin were sterilized under pressure, replaced by a 0.1%
aqueoussoluthnlofgelatin,aﬁdsuspendedineuxEScellculture
medium of an amount 4 times the bed volume.
(Example 9)
20 Quantitative determination of alkaline phosphatase
The alkaline phosphatase activity of the ES cells was
determined using a p—nitrophenyl phosphate solution (Product
No. NPPD-1000, manufactured by MOSS Inc. of the U.S.,
hereinafter referred to as p-NPP). The culture medium was
25 removed by suction from each well in which the ES cells were
cultured as described in Example 8. The cells were washed three

times with 1 ml of a phosphate buffered physiological saline
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solution (PBS). After the addition of 200 Ul of p-NPP to each
well, the mixture was allowed to stand for 10 minutes at room
temperature. 25 Ml of 8 M sodium hydroxide solution was added
to each well to terminate the reaction. 100 Ml of the reaction
5 solution was charged to a 96-well micro test plate (Cat. No.
3072 manufactured by FALCON of the U.S.). The absorbencies of
the solution at 405 nm (0.D.gs) and at 690 nm (O.D.ggo) were
measured using an absorbance meter (SPECTRA MAX190
manufactured by Molecular Devices, Inc.) to determine the
10 alkaline phosphatase activity as the difference (0.D.gp5 -
0.D.g9p) of the absorbencies. The results are shown in the graph
of Figure 8. The alkaline phosphatase activity of the ES cells
cultured using micro carriers was significantly higher than
the alkaline phosphatase activity of the ES cells cultured
15 without using the micro carriers. The micro carrier thus

supported undifferentiated ES cell culture.

INDUSTRIAL APPLICABILITY
According to the present invention, embryonic stemcells
20 in an undifferentiated state can be cultured in a large amount
and in a safe manner in the absence of feeder cells or feeder
cell-derived components. The embryonic stem cells obtained
are useful and can be applied to the fields of cell culture,
tissue transplantation, drug development, gene therapy, and

26  the 1like.
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stem cells in an undifferentiated state.

3. The culture base material according to claim 1 or 2,

wherein the culture base material comprises nelilther feeder
10 cells nor feeder cell-derived components.

4. The culture base material according to any one of
claims 1 to 3, wherein the porous material is a nonwoven fabric.

5. The culture base material according to any one of
claims 1 to 4, wherein the porous material is coated with a

15 polymer compound.

6. The culture base material according to any one of
claims 1 to 5, wherein the porous material has an average pore
size of 0.1-150 Mm.

7. Amethod for culturing embryonic stemcells comprising

20 using the culture base material according to any one of claims
1 to 6 to culture the embryonic stem cells while maintaining
the cells in an undifferentiated state.

8. Amethod for capturing embryonic stemcells comprising
using the culture base material according to any one of claims

25 1 to 6 to capture the embryonic stem cells from a cell solution
containing the embryonic stem cells.

9. A cell capturing material for embryonic stem cells
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