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1 DESCRI PTION COVPOSI TI ONS FOR CULTURE OF PLURI POTENT
STEM CELLS 5 FILED OF THE | NVENTI ON Thi s invention

relates to a conposition for the culture of LI"IW"[II"I||\|||]||

pl uri potent stemcells and use 1 hereof, and ||””||“|||

specifically to a conposition that rrake [

to culture pluripotent stemcells in a medl um free 0

a feeder cell or a serum a nedi um conpr

same, and 10 use thereof. 15 20 25 BACKGR(IJND ART m“““lm“m“m““mm“l

Pl uri potent stem cell s IEeSS@IR IRPIIiOdi ng stem

that have an ability to differentiate into *G00002*

differentiated cell types, each of which belongs to

at | east one of ectoderm nesoderm and endoderm and

t he G@MROBHIONR RORIGIOhTURE &F FEURIREEENG $TEM CELLS

enbryonic germcells (EG cells), enbryonal carcinoma

cells (EC ceI I's), multipotent adult progenitor cells

(I\/AP cells and adult pluripotent stemcells (APS

Fﬁﬁﬁlﬁl NYENTIENcel I's are illustrated as shown

beI ow to describe the invention of the present

appl i cat iTéns ipveridon gelates forpmugsitianifon tha sultwre of

der| ved frompluripotent stemcell clones conprised

i PIARROLENY S ; §rdls and %@egﬁo&bamdt%pepgically to a composition
iate into._diver cel | pes i ncl udi germ

cateE mkedaf poSuble to guliiue: phirmGerFE ?@F%}rhar@edmm
V\HE tenylnadeflnede§ﬁulture condlth
fof eBadepet ERfibrid) pdigy o e Somprigipg the Sime, and

c ndl‘t’lo% are injected into a blastocyst or a norul a,
}}%r gﬁl mal s having two 2 5

f *159159+

BACKGROUND ART

Pluripotent stem cells are self-replicating stem cells that have
an ability to differentiate into differentiated cell types, each of which
belongs to at least one of ectoderm, mesoderm, and endoderm, and the
cells include embryonic stem cells (ES cells), embryonic germ cells (EG
cells), embryonal carcinoma cells (EC cells), multipotent adult
progenitor cells (MAP cells), and adult pluripotent stem cells (APS cells).
Among them, ES cells are illustrated as shown below to describe the
invention of the present application.

ES cells are a cell population that is derived from pluripotent
stem cell clones comprised in an early embryo, and have an ability to
differentiate into diverse cell types including germ cells. ES cells can
be proliferated while retaining their pluripotency in a defined culture
condition. When ES cells thus cultured in such a culture condition

are injected into a blastocyst or a morula, chimeric animals having two
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10 15 20 25 different genones are produced. Chineric
animal s that have germ cells derived fromthe ES

cells genetically nmanipul ated may be bred with each
other to create animal individdals with a mani pul ated
gene. Thus, ES cells are widely utilized to produce

transgeni c animals including knockout m ce wherein
the function of a certain gene is altered. On the

ot her hand, the technical approach to induce the
didifferemt genooresodreESrarblidesi.i NChimesie dminpalsvihde ave germ
certain differentiated cells has been devel oped.

Siaudls dérveg fraractine ESamilsi geheticaiynararifulated maydbe bred
provide differentiated cells necessary in cell

t ritbgagit athento creatamnimal individpeds adth hamagspukites gene.

woul d be used in the nedical field_ in future. As
deSrusHEd eallsvare widelipptibzedh te prpduce fternsgenye animals
establish ES cells while retaini ng t heir _pluripotency

( dnehadiag klaf’?]éﬁub HieaWhesgin tbgiungtionepbataestaingans is
be n devel op eg h@\M]—} ich the culture nmediumused _for

tergrt urn and,sting terhauapl aRBECACHSEY ipguce the
2?95"' HiPhce! S ¥ adaef revilinprest wipitferentiated

SRR B0 S ES el 800 PR O 1 b g
bl h |
?355 o BB e digeRiRe L Gl Sne bR i el rrnaptamtation

/S5 15 S BB -8 0 BERA 8 e e

sgl,&¢i, @0 appropriate serum I ot by a prepar atlve
screeni ng, which demands a Iarge amount of | abor.

As
another o 4E8&BORERRTE, %g)%écﬁftS FiBhfaaa stablish ES

cultured 1n a mediumt Fises

PrdeMRI WhAk! deWs #8n fthe?x’@flﬁ‘ﬁﬁé cggg?ﬂélgﬁtﬁﬁnﬁ?ﬁ)'té’ﬁéﬁ%lthout

to inhibrt the pr Ilfe
aRﬂff@?&jﬂnahﬁ% h&£€bREn ERivetofd e 1%5”6?!91‘1@1{ ¢RE il MeBium used

nafoxr' Itl):.e culture of ES cells usually comprises a serum, including

specifically a fetal calf serum (FCS), a horse serum, or goat serum.
Serums suppress the differentiation of ES cells, and supply various
liquid factors to promote the proliferation or establishment of the ES
cells. However, the identities of the liquid factors have not been
known yet, and the serum varies in quality depending on production lot.
Accordingly, it would be required to select an appropriate serum lot by
a preparative screening, which demands a large amount of labor.

As another culture approach, ES cells are seeded and cultured
in a medium that comprises, as feeder cells, primary cultures of

embryonic fibroblasts inactivated to inhibit the proliferation or STO

cells. In this approach, the feeler cells are understood to form a matrix



10

15

20

25

3 for ES cell attachment, as well as to suppress the
ES cell differentiation, and to release various
liquid factors that pronote the ES cell
proliferation. Since |eukem a ihibitory factor (LIF),
whi ch has been known as one of such liquid factors
(US Patent No. 5,187,077) has a 5 potency to suppress
the differentiation of ES cells derived from vari ous
animals, a conbination with a serum a feeder cell,
arfdr BS-cell attdclemeen) hy wedbds tbusupheressi thehBS dededifferentiation,
suggested that a | arge anmount of the reconbinant LIF
prancito relealsd veeriads diduid factoes dhat promotertie B8 dielim
to culture ES cells in a feeder cell-independent
mepnodiferaticn . 1 0Siudeakeikequiat iedhipltatye f4wsrRaiBnwiNoh has been
5,166, 065). Use of a serumor a feeder cell as shown
abovewnassese efjsarch haubd &amgors (USHRatemt Ne.ab j167,077) has a
differentiated cells derived fromhuman ES cells to _
capatencyigpupRressde disteapytiadpacoff ESatalls derivech fregn various
cells have been usually cultured in a nmedium
cAEmalsng Cé’mbtfaﬂltl%ﬁlwlﬂéér serurs, asfeadepeeiaanpd LIF are
tures of nouse e yoni c f| brobl asts as feeder
eijr?%uenta\}ﬁam;@ch I%PB’I K duiss been spipeeated thpbadatae amount of

¥ e %‘ﬁlaé}hl e p@%frﬁésﬁi%bg aqeh 6 PRI PG AMNIng
h | | ul
EE%?EI{P:% j’ egliHg d‘5§ ﬂéﬁ“@% Eeﬁ?tﬁe%r%hlaﬁ}% Fﬂé:alatrnelanner on a
fcﬁecl,%a t%oartFaepel Qgt r gﬁ%l# 3§§Bb§ﬁ£ accor di ng
adn i st Lot O SRS es?%ﬁﬁﬁtaasn%‘ﬁgwrﬁ $ofle'dauses major
a%@?%p&syfogetﬁ' ragﬂl)l?ce{&%{ of ﬂllt?férle%%{aetgﬁ gﬁlﬁna%gb%cf fﬁsolfﬁrhuman

I'n anal ySI'S

S 'c@llgecg &l RN &ﬁf&lt agt hogécciﬁkzahﬁ,‘dh@lﬁgan ES cells

uture S|nga |um e

hed &e0heg? Yis dllly BhlteRed ¢h eflnﬁ-:d]igm containing a fetal calf serum

using primary cultures of mouse embryonic fibroblasts as feeder cells,
and such heterologous biological components as used therein may be
necessarily the source of unknown pathogen contamination. Further,
transplantation of human cells co-cultured with heterologous cells
should be regarded as xenotransplantation, and recipients undergoing
such transplantation are forced to live in restricted circumstances
according to the draft guideline of the U.S. Food and Drug
Administration.

Under the circumstances, it is apparently desirable that
pluripotent stem cells such as ES cells to be used in analysis in cell
biology and in medical applications should be isolated and cultured

using a medium free of pathogen from a heterologous animal and of
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15 20 25 heterol ogous cells, specifically a nedium

which is free of a feeder cell and a serum which can

be artificially prepared, and which conprises the

known i ngredients. In response 40 the demand, nany

studi es have been conducted and proposed.

Representative study includes a culture techni que

wherein a | arge anount of the reconbinant LIF protein

is added to a serumcontaining nmediumto culture ES
ceh¢terologausemdly, specificdllyda predient whivlieis fiee af a feeder cell
gel atin-coated plate (US Patent No. 5, 166, 065).

Fuandher sermmyithick gsedbamrtificialis pyeparedstand edlith comprises
conprising a defined replacenent in stead of a serum
hathepkspawnpingsedmhtsJapanese Patent Publication

(kokai) No. 2001-508302), which allows to culture the

cel | s i nlngesppusetedhsfddmand; many stirdies havelbeen conducted
free of serum However, even if the nedium conprising

k RS Prageser e nReprgsanttativamtisysnghades acenilture technique
rep| acenent in stead of a serum. is supplenmented wth

aV F’éfénaﬁrlﬁﬁgﬁ ynoprgd ofdbsnsceanpingrt LI pratein is added to a
been i npossibl.e to st abl cuiture ES cells in a feeder

c I RROEAHURE MgAHAM Bhcrltyer &+S sells dnefonder cell-n

9 RERGRE F1ERRGR DT BT ATOPC RS EOINS HABRANO.

N ECER O A R P T

oS b RS O S5 b s

P e GaBRoBEL A G ERAIAER R, AR 5o 00lhoblea,

cSyAL S50 0 hhe AERE) S FR ARSI B f Bl oin o

asmeRAY F#BOVE sePum. However, even if the medium comprising
known ingredients which comprises a defined replacement in stead of a
serum, is supplemented with a large amount of the recombinant LIF
protein, it has been impossible to stably culture ES cells in a feeder
cell-independent manner on a gelatin-coated plate. In other words,
when cultured using a serum replacement in stead of a serum
according to the conventional manner, the feeder cell-independent ES
cells have not been capable of being proliferated or established on a
gelatin-coated plate under a condition that the cells are seeded at a
lower density.

There is a demand to proliferate ES cells even under a

condition that the cells are seeded at a lower density in the
establishment and the genetic engineering of ES cells, but the demand

cannot be satisfied by the approaches as shown above.
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5 10 15 20 25 DI SCLOSURE OF THE | NVENTI ON The

techni cal problem according to the invention of the

present application is to provide a process for the
culture of pluripotent stem ceédls in a nmedi um which

can be artificially prepared, and which conprises the
known ingredients without feeder cell and serum which
process for the culture has not been previously

bel i eved i npossi bl e. The present inventors conducted
enornous research for solving the problem as

menti oned above, and, as a result, found the solution

of DISGBOSURE OFtTHE INVIENFIONNt stem cells coul d be
cultured under a condition that an adenyl ate cycl ase

acti vi t y The techinicalepgrablepr atedmtingdodhe imsealionsaf the present
pluripotent stemcells while maintaining the cells in
arfpPRicftigreis i paotidesa greceshiarcthe ewltunglof ghinigotémt stem
present invention. Typical enbodinment for fulfillin

" Ledlona aimedivraiwhirhhganyheartificially prepacedy ang which
inhibited" s to add an inhibitor of an adenylate _
cyAmBBREsss theiknows ngredicnts withpuhiesdes|agll e esrum, which
stemcells, or t conbine the inhibitor with the i

c MTOGERS Mg thsCuriire has ast ibeenmprevionelyt beligvsd inapassible.

or establjish the pl.uri potent §§§n1 ells that retain )
their di fPerRARSe ileﬂeﬁmrérﬁ%}“ 'qtﬁélﬁn%m?léﬁ dRssancfpr solving
en$$ I n.the absenc of, f.eeder cells or s

c

PR OHIEh Sriastonn AHHE: Brsana Frvalh Found sh solution of
0 S3RSED B TR B PR L R o
neftiBh, et h AERBASL R S8 IR it hBio AL B Brofferate or
ST B 51 B PR

| NYediifePEnRARM 46ste? tREAGSSScdSthplilRif th WreSint invention.

pluripotent stem
Typical embodiment for fulfilling “a condition that an adenylate

cyclase activity is inhibited” is to add an inhibitor of an adenylate
cyclase activity to a culture medium of pluripotent stem cells, or to
combine the inhibitor with the culture medium. This makes it
possible to proliferate or establish the pluripotent stem cells that retain
their differentiation potency without differentiating, even in the absence
of feeder cells or serum in the culture medium.

As such, the present invention in a main aspect provides a
composition for the culture of pluripotent stem cells, which comprises
at least one inhibitor of an adenylate cyclase activity. In another
aspect, the invention provides a medium for the culture of pluripotent
stem cells, which comprises said composition. In the further aspect,

the invention provides a process for the culture of pluripotent stem
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6 5 10 15 20 25 cells which conprises using said
medium In the still further aspect, the invention
provi des an undifferentiated pluripotent stem cel
proliferated or established, wgch is cultured in said
medi um Those and other aspects will be apparent from
the detail ed description hereinafter for those
skilled in the art. In an aspect, the invention

provi des a conposition for the culture of pluripotent

staMsowhich cohifiis BN S 8gicRinddeast. Methd BNl fiRthePhspect,
an adenyl ate cyclase activity. The conposition of the

| nteniniventizey prdedas arcindifferepltRired plufipd teéArBashtddn
of the invention is to proliferate pluripotent stem

cghricdifeduted oredstablished, tithickdb lcalturednn said medium. Those
undi fferentiated state. Preferably, the inhibitor of

aramatl etlyémbspegts| wHEbe agipatieny framstibleadé tadletlr desdriystion

group consisting of SQ22536 (9- (tetrahydro-2

- fherenydffemfterthosk, sldlled' indiloeantyadenosi ne, 9-

cycl opentyl adeni he, 2',5'-di deoxyadenosi ne

3' - di phodpleat espect, 3he idvdntirnapieviddésne composition for the

3' - monophosphate, and MDL-12, 330A (cis-N-(2- o

prranyus ef phunpgiendatencicolls which cemprises atJeassroneinhibitor

sel ected fromthe group consisting of ) )

adie edenviade opiaseae . (Roegompesitien ahthe imegntéon may

peptide (BNP), pituitary adenyl ate_ cyclase activating

pd?s Bepednm suwplemening the epminesitian gl ghg invention is to

physi ql ogi cal activit substantially simlar to them

 raliderde yp@otent ﬁﬁemrﬁf&ﬂwgﬂe pR8intadaing thairehs faan

t he |ture o l.uripotent stem cell.s, whi.ch

comsftesettifseth e BREfeTabR b noHBiaE o edadpaplate cyclase

above.. Preferabl the mediumis free of er

ety s leGiec ot ThE BB HPGrRIIENOE ARt et s

f r(?eecrgiflydro-Q—furanyl)aldenine), 2’,5’-dideoxyadenosine, 9-
cyclopentyladenine, 2’,5-dideoxyadenosine 3’-diphosphate, 2’,5-
dideoxyadenosine 3’-monophosphate, and MDL-12,330A (cis-N-(2-
phenylcyclopentyl)azacyclotridec-1-en-2-amine), or is selected from the
group consisting of adrenocorticotropic hormone (ACTH), brain
natriuretic peptide (BNP), pituitary adenylate cyclase activating
polypeptide (PACAP), and a peptide having a physiological activity
substantially similar to them.

In another aspect, the invention provides a medium for the
culture of pluripotent stem cells, which comprises any one of the
compositions as described above. Preferably, the medium is free of a
feeder cell, and/or a serum. More preferably, the medium is free of

both feeder cell and serum. The medium may be a minimum medium

for cell culture, and may comprise further a differentiation inhibitory
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both feeder cell and serum The medi um may be a

m ni mum medi um for cell culture, and may conprise

further a differentiation inhibitory 7 factor, a serum
repl acenent and an antioxidant.7In a further aspect,

the invention provides a process for the culture of

pl uri potent stemcells, which conprises culturing the

pl uri potent stemcells under a condition that an

adenyl ate cyclase 5 activity is inhibited, said

priactss akénymngplacgneht fagidaha artiesidablti sh t he
pluripotent stemcells while maintaining the cells in

an undi f flarefiurtheespecst the Rrvefrgiabpyovitlee o prolidssofor the
that an adenyl ate cyclase activity is inhibited

i nvaltues of péuripetarit sten weils| wirichfcommprdes yudthering the
cyclase activity. The culture process may be
pephuipei¢ntsten cdls nodieura eenditbrdésat abhetleadate cyolase
the culture process according to the invention, the

pl aetipdy éminkibiteds skid proeeps etlowanhg yo EBotifdtriage oTtestablish the
pluripotent stem cells may be derived froma mamual . _
ThRIRetepsstom cellswddle mainiainyeg dheiogls inrammundifferentiated
human. 15 The invention al so provides an L
unddi¢er Breic Ry, thecopdiian thetan adenylafpicyglase activity is

prol.i.ferated or established according to the process
asmé’éghtFak}é‘éfog’Bé@.e W$e PEénslﬂ 1pitpg @@raé@@é@ctf: Qyklase

i nvent.i on ovi des a process fqr the preparatiqn of
10 RS s o iieass rBAY e REGArDEG VpRE:He mastium as

stem cel | whi ch conprises culturing the
-§q;r§t?eeci?pgy%d pluripotent stemcells under a

o oy TR AT
B i kR e
CORM 365, bSOk AP, AR T AR S4By

uneld Heeienti-ghes Lihpotent stem cells under a

condition that an adenylate cyclase activity is
i nhi bi t efhBinvention also provides an undifferentiated pluripotent

stem cell, which is proliferated or established according to the process
as described above.

In the still further aspect, the invention provides a process for
the preparation of a clonal population of undifferentiated pluripotent
stem cells, which comprises culturing the undifferentiated pluripotent
stem cells under a condition that an adenylate cyclase activity is
inhibited. Further, the invention provides a process for the
preparation of a clonal population of undifferentiated pluripotent stem
cells, which comprises isolating undifferentiated pluripotent stem cells
from a living body, and culturing the undifferentiated pluripotent stem

cells under a condition that an adenylate cyclase activity is inhibited.
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5 10 15 20 25 Preferably, the condition that an

adenyl ate cyclase activity is inhibited involves the

use of an inhibitor of an adenyl ate cyclase activity.

The culture step of the proces8 may be perforned

usi ng the nmedium as described above. Preferably, the
process for the preparation is characterized in that

one pluripotent stemcell is cultured to provide a

clonal population of the cells. Aternatively, the
pribdesablyy théd eonditpen ahaoan sdesylatacyelaseatttivityt inhibited
pluripotent stemcells are cultured in the nedium as
déswoltesdthebuse of ampinhibieraofciwadenytatel atclase attivitg. The
cells, in which the pluripotent stemcells are seeded
atculthisevsteplehshe provess magt baiparforméd msingdhaaaadium as
pluripotent stemcells to interact with each other so
asdesasibediabevehe proliferative, undifferentiated
pluripotent stemcells, or in that pluripotent stem

cel | s ar @refarablsdhenpragessdar the awepesationds charaoterized in
to_provide a clonal population of the cells, in which

t Hbatng pheripptendt g 6ellds sudtuned tor provide & elonmiipapulation
mai ntai ning an. undifferentiated state under the

RIS GRS n AR AtELy 1 Bariroeess for thsdprapasatigmsis

nor, the nedi um as descr,i bed above is used. Most )
priaagieyoed i thab BLAKIPAEN, ReT celiaite GHtyEed in the medium

R A b e e P ST ST, i whi

BRI 48 la RS s5EHS e I 85ES 3o cha which

S8 a0 B AEAN R, G014 Bl PR R otrcr s

D L AL T L DU cote, o in
that pluripotent stem cells are cultured in the medium as described
above to provide a clonal population of the cells, in which the
pluripotent stem cells are not proliferated while maintaining an
undifferentiated state under the condition that neither feeder cells
and/or serums, nor the medium as described above is used. Most
preferably, the process for the preparation is characterized in that one
pluripotent stem cell is cultured in the medium as described above to
provide a clonal population of the cells.

In the process for the preparation as described above, the
pluripotent stem cells are preferably ES cells. The pluripotent stem
cells may be derived from a mammal. The pluripotent stem cells may
be derived from a human.

The invention also provides clonal population of

undifferentiated pluripotent stem cell, which is obtainable by the
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undi fferentiated pluripotent stemcell, which is

obt ai nabl e by the 9 process for the preparation as

descri bed above. In the still further aspect, the

i nvention provides a use of an9inhibitor of an

adenyl ate cyclase activity or a conposition conprising

an i nhibitor of an adenyl ate cyclase activity, for
culturing pluripotent 5 stemcells while maintaining

the cells in an undifferentiated state to proliferate
orPreseas Ifps the peepatatior asrdésardeedt ebpye. The present
inventions nmake it possible to proliferate or,

est abl i sAnJdhgi stk farthestaspestuthpinveantion previdesa wsgtof an
retain their multi- differentiation potency in a L
medhiites eb ansadenylate kielase st dly enescorpppsitionycomprising
feeder, cells and seruns. The pluripotent stemcells

prég} ilatbiteriof gh adensipicspeiabh astigHYa foreukinEing Bhidpotent

contam nati qn.w th pat hoge from seruns_. f eeder
ot cely FalRLaiag thercalisci an hndibessntated sate to

o S B TR A B 2075 B 5
shon 5 S R R g A AR o
T e T —
e U S IR LR i
| .
g FLOHSET, PRISOR AL erc
t YResstabfisReq tHMY GBté?ﬁE&g&g fr8e B cbﬁ?&r{rﬂﬂ@ﬁoﬁfwith pathogen
d endo biTity to

ectoderm nesoderm an erm An a

?iff&@f %Fdrﬂfs%ﬂ fekQer 86NY) &84 !avdig tRkSRstricledGfciihdtifices due
erm

to the co-culture with heterologous cells.

BRIEF DESCRIPTION OF DRAWINGS
Fig 1 depicts a photograph showing the proliferations of
undifferentiated ES cells by means of supplementing with indicated

peptides in the absence of serums and feeder cells.

BEST MODE FOR CARRYING OUT THE INVENTION

As used herein, the term “pluripotency” refers to an ability to
differentiate into differentiated cell types which belong to all of
ectoderm, mesoderm and endoderm, and an ability to differentiate into
differentiated cell types, each of which belongs to at least one of
ectoderm, mesoderm and endoderm. An ability to differentiate into

germ cells is also included in the term.
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5 10 15 20 25 The term "pluripotent stemcells" refers

to self-replicating stem cells that have an ability

to differentiate into differentiated cell types, each

of which belongs to at | east oh® of ectoderm

mesoderm and endoderm (nulti-differentiation

potency), and the stemcells include ES cells, EG

cells, ECcells, MAP cells, and APS cells.

Representative stem cells, enbryonic stemcells (ES

cel I's), Mhecteamm{iphiriphtehé stemn e¢lisfnrefenst ensglf-rapicating stem
differentiate into diverse cells including germcells,
wiesilsi thiadhase antapilifothdifferemsiateyisto differendiated cell types,
"feeder cells" refers to cells that have a netabolic

acgich i, wiieh helorgs to pt dgrsfane gf catatlarmtmgsodea, and
various netabolites to assist the proliferations_ of
oteelodeam {mydEydiffesentintiondeetencybl ard thestempeells include ES

Muramatsu et. al ..., "Bunshi sai bosei but sugaku Jiten"
oSS, Ehgolls TERes iR AAAD GRS, 1ANBAPS galis, Repfesentative stem

i TR Y S 5 S B s o Pl o
R RE e ENR NI
ST o A P MBRIATS ol T, oo Lot S
e Cab g e BB GBI F metabon
) S o Bl BB SHHERs e oot
8, L ek o B ARl AR s e

. i t J : i : »
CLM&&%I?‘%%UPA dtRAt&M1. S‘Eﬁm%sh%@s%lbﬂ{% ta Jiten”? p367,

accor g to the pr eserit invention are ¢

i n gt TOKYD KNBAKIU bzs@m,qrjptj g@na)t. | EASExMBle, primary

i nhi bitor of an adenylate cycl as
cultures of embryonic fibroblasts that are inactivated to inhibit the

proliferation or STO cells are used as feeder cells in case of ES cells.

The term “feeder cell-independent pluripotent stem cells” refers
to pluripotent stem cells that can be proliferated under a culture
condition wherein any feeder cell is not involved in the presence of a
serum. Normally, pluripotent stem cells are hardly proliferated while
maintaining the cells in an undifferentiated state under such condition,
but they will proliferate in a feeder cell-independent manner when
repeatedly subcultured.

Compositions for the culture of pluripotent stem cells as
provided according to the present invention are characterized in that
the compositions comprise at least one inhibitor of an adenylate cyclase

activity. Adenylate cyclase is an enzyme which converts ATP to cAMP
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activity. Adenylate cyclase is an enzyne which

converts ATP to cAMP 11 5 10 15 20 25 (cyclic AWP),

and plays a central role in cellular signa

transduction. The activity of ltthe enzyne is regul ated

mai nly via G protein-coupled receptors by various

extracel lul ar signals, and the cAMP produced

functions as an intracellular second nessenger. A

total of 10 adenylate cyclases have been reported to

ex(cytlic AMB)matd pdapd acenthainmile inmedkilar signdiavanseduction.

dog, and rabbit (for exanple, Patel, TB et al.

MoT'lee alctivitlyi ofl thyi eafyrapps caghbsetianaimbveh Gemmoyéiyl-coupled

cyclase signaling and function, Gene, 269, 13-25,

20GTyptatseby asows extreceliiier sagnahe sarad'rbhg cAMImpmedaced

i solated in human, whereas the genes of the five were

i sigingtions as mrtmtraﬁell@@qmn@ed wiessprgens ol Atethl gdndd

are_conserved between mce and human, and those

rmﬂl@mbr ate gyelasgs e been reperdad toi exist phonemsnals such as
cluding cell proliferation control, thus believin
YA TOREE 6Ab Wlﬁﬁeﬂ%’a@’é &pbibit er egample, Patel, TB et

so conserved in_ these

prra%lrralp@r ' eeqqittiﬁr 19i§g§§%}§’1%§;%§§ §Itareneanal adenydyli giolgse
i o OB B D] o o R B o
invention may function at eac extra ellula

e HEATBES Ao anE SPGRAIrs drate fB a5os o genes
<ot GRRE W Ll g A &%&@%ﬁ&#%f%pageeaegenes
S o AN A EBORTH A e LBOEL A o
ST S ol S5 o
ORI BEREHNE Mtthmrﬁzttﬁﬁlsaoisé&@ﬁirlatté WRAHES i pluripotent

stem cells are also conserved in these mammals.

Inhibitors of an adenylate cyclase activity as used in the
compositions for the culture of pluripotent stem cells according to the
present invention may function at each stage of extracellular and
intracellular signal transduction systems so long as they result in the
inhibition of adenylate cyclase activities. For example, useful
inhibitors include agents that transmit an extracellular signal leading
to the inhibition of an adenylate cyclase activity to a receptor, and
agents that directly inhibit an adenylate cyclase activity, and agents
that function on a molecule that mediates a signal transduction
between a receptor and an adenylate cyclase may be also used.

In order to examine whether or not a substance inhibits the

adenylate cyclase activity of pluripotent stem cells, the substance is
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between a receptor and an adenyl ate cycl ase nmay be

al so used. In order to exam ne whether or not a

substance inhibits the adenylate cyclase activity of
pluripotent stemcells, the sub@tance is 12 5 10 15 20

25 added to a culture nediumof cells (for exanple ES

cells) to be proliferated or established, and an
inhibitory | evel of cAWP production is checked.

Exanpl es of agents that directly inhibit an adenyl ate

cyaddegk to actuurg meditum of 862486 example ES cells) to be
(9-(tetrahydro-2-furanyl)adenine), 2',5'-

direredierated oui ertablisbed) epdmty limbidsitowy, lexe] of cAMP production
5' - di deoxyadenosi ne 3' - di phosphat e,

2'iss*hegkgdoxyadenosi ne 3' nonophosphate MDL- 12, 330A
(cis-N-(2-phenyl cycl opentyl )azacyclotri dec-1-en-2-amn

e), and &Examples of @muﬁmt directly imhibih aar@deredatet gyclase
avai | abl e since_they are offered conmnerci al
c&%}%ﬂmm@v@ B Ectietrimdon-2 (f@aanykbawrramebgw

or the like. Amount of those conpounds nay ’
delidrRrTRACIRNINGp Or Y IPpeRBRaAan g ch. Mﬁeawfmosane 3
OB o hbTe Ao A ine b g o sRb ey MDL-12,330A

2536 ma

HEE-N- kS daen Serror t%m- 25 %w}r}’une? ad'a similar
'3 L%He* oA £ L AP et R s BB, St i are offered
AT AT A Eimon

S AL 1, MR YR A o
pfli/étb{ﬂﬂn?ﬁé& Apf6bridtt depending on what kind of a compound is

used. In case of SQ22536, for example, the final concentration in a

medium are not specifically limited, and usually SQ22536 may be used
in a final concentration from 1 pM to 10 mM, preferably 10 pM to 1
mM.

Other examples of agents that inhibit the adenylate cyclase
activity of pluripotent stem cells include adrenocorticotropic hormone
(ACTH, corticotropin), brain natriuretic peptide (BNP), pituitary
adenylate cyclase activating polypeptide (PACAP).

Additionally, a peptide having a physiological activity
substantially similar to those peptides may be used, which is a peptide
that comprises an amino acid sequence wherein one or more amino
acid residues of the amino acid sequence composed of such peptides as
ACTH, BNP, and PACAP are deleted, substituted and/or added, and

that has a physiological activity substantially similar to the



substantially simlar to those peptides nmay be used,

which is a peptide that conprises an amno acid

sequence wherein one or nore am no acid residues of

the am no aci d sequence conposéB8 of such peptides as

ACTH, BNP, and PACAP are del eted, substituted and/or

added, and that has a physiological activity
substantially simlar to the 13 5 10 15 20 25
corresponding full-length peptide. For exanple, as to
AGxrresponding dhbosetih péptide anFop ezaimplee aisdoeSCTECHHAL is
(1-39)), it has been known that the am no acids
pozimposed of SShaminonaid mesithiesl(AGTHA 1sBQ))eiti lnas been known
various ani mals, whereas the amno acids positioned

f rthatabetamdzo agidy paepiontichiroom tharN-itermamuardi tmR4, share in
and that the am no acids positioned fromthe

N-Yadiony animads, whessas the aminooreidsinasitioped from 25 to 33
actions, and therefore, in addition to ACTH (1-39), .

i teary depRitie g o particulayanimats, anch tha the amine agides

may he us accqrding to, the_ invention. Those .
pe%?&}laegleag‘yo@etf&% E}Iafqrynwg@dl it 1B eraEs adsmnaserHeptrapic

f

il DiSaS B PLEASEERLYe A 10 AL, B, cmi
D LAEIREHET AT, P R s SR8 A
il BT o D 2
SR8 BG5 TS DIRCRRABESA, 11D 1.

PPt s 000 BE T B HICRPL 010 1R sghOATDR I B cscribed

| ah 1iR0aR S dsPUSIWaREL N'l4 81B354¥ hkd KORAYJHRY Imahori,

prepared via genetic engineering’ protedures

Whar gl Belliaghl8e et G . 'Bpi 198P8PI 18, p721, and pp286 to 287
(1998), Tokyo Kagaku Dojin, or are commercially available as reagents,
or are may be prepared according to the methods described in
literatures. For example, those peptides can be prepared according to
common methods for a construction of a desired amino acid sequence
for those skilled in the art. Alternatively, they may be prepared via
genetic engineering procedures wherein by a gene encoding the peptide
is inserted into a host cell such as E. coli, and then the peptide
expressed is isolated and purified.

A composition of the present invention may comprise a single

inhibitor of an adenylate cyclase activity, and may comprise any
combination of two or more inhibitors of an adenylate cyclase activity.

According to the invention, specifically, a composition comprising two

or more compounds, a composition comprising two or more peptides,
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Is inserted into a host cell such as E. coli, and then

the peptide expressed is isolated and purified. A
conposition of the present invention may conprise a

single inhibitor of an adenyl ge cycl ase activity,

and may conprise any conbination of two or nore

i nhibitors of an adenyl ate cycl ase activity.

According to the invention, specifically, a

conmposition conprising two or nore conpounds, a

COoARAS EbRIPOBHITY !c&hﬂﬁribﬂ&%]ﬁbtmﬁr&rﬁﬁehh@énd% épﬁd%, may be
conposition conprising both a conpound and a pegt de,

nmeysée, and edieraadivalyt, e botipsiition %o?ﬁ’ﬁﬁ@ﬁi% h%ingle inhibitor of
conprising a single inhibitor of an adenylate Cyclase
acan\ddenydatye delassactivhy makhehd aenhsed. of the

present application provides a nediumfor 5 the

cul ture dhepinvenpizireot tisé presend spplbatbniSrovitasawnklium for
a conposition described above. The conposition may be

ustt esltane af pluripbitemet stemldedis| difiehtiorsidirl e afd@fiposition
feeder cells or seruns. Although the existence of

f edesariless hbove. sEhamompositiom mayeberdicdnasl@esaltetnative to
bring about any obstacle to the culture of

pl ligiisbfastersderived|fram fender gellsioe stumesli uAdthiotighuthe
feeder cells and/or _seruns is preferably used, and
notEspnceciiseder calls on sarpensria iavenitiire medivimardass het bring
nor. serumis used, since existence of feeder cells or

st et ARY phstaclgrte thaurulure of @lvsipotgntstammediseshe culture
contam nation with pathggen therefrom and _the

r eSEAIM It K fredan celds gmel /o5 semamispsefsgably used, and

cells. 1 r words, a preferred culture nedium

5.1n oth . > .

of MORE NEFiELaRLY, § Wee mediyng yith neithern eglls nor serum is

congr-sLng a c%ll cul%ur nigﬁnun1 nediugLécgﬁww as a,

i Al SIBES EMTATCR@TERTeRrals OF SREFMS BB Fedium

differentiation inhi.bitory factar, a.serumreplacenent

O SR SLSRRT o OB ot 54 B B B5Ri, anc

di thi e ; r.hi i s.wel.l as a

conS Bl brre A BARRER u B foe B fforpeBig fens.

inhibito wasieny! I Vit ich

medi um | gf‘ﬁrﬂe‘gpof_ 3> F‘Z%%ef‘?y‘%& sfiff i, ot AbE gesent

CaMVenion! i1 £ EaNURUhRALN eS| Ing a cell culture minimum
medium (CCMM) as a minimal essential medium, and further
comprising a differentiation inhibitory factor, a serum replacement and
an antioxidant such as 2-mercaptoethanol (2-ME), dithiothreitol,
ascorbic acid, as well as a composition of the present invention (i.e., an
inhibitor of an adenylate cyclase activity), which medium is free of a
feeder cell and a serum. All of CCMM, a differentiation inhibitory
factor, a serum replacement, an antioxidant, and a composition of the
present invention are known substances that can be artificially

prepared, and therefore a culture medium composed of those

ingredients can avoid unknown pathogen contamination due to the use
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15

factor, a serumreplacenent, an antioxidant, and a
conposition of the present invention are known
substances that can be artificially 25 prepared, and
therefore a culture nmedium co sed of those

i ngredi ents can avoi d unknown pathogen contamni nation
due to the use 15 of conponents fromliving bodies.
The term "cell culture m ni mum medi um (CCMM " used as
a mniml essential nmediumrefers to any nedium that

TolicSorhoRERE. Blof ihAnBipldiLer at e Pl uri potent stem

€ min e cells in an 5

undi f f er g &Eﬁg“éélﬁkgltd%%}&q{}%{r}l HRRLGER? &@b‘i\ﬁ‘M‘?’ used as a

differentiation Itory a seru

r %ﬁﬁﬁﬁgﬁ%serﬁ{hlarﬂkz%% lers F’(Vgng mgamsfﬂdt%a‘kfes #Possible

pr esent 1 nventl on nprises a commo

| ner gliteraaa! glusipte A stéx‘n”é‘ellé Wwhille I'i‘i%%‘f%ﬁhﬁ@ the cells in an
cal cium and potassium a vitamn, gl ucose,

buﬁﬁafffewﬁhaeed 3thtes wﬁn addea therafd Gntrﬁacalrﬂaﬁeﬂm&ﬁon
Exanpl es of CCW i n¢l ude Dul becco's Modi fi ed Eagl e' s

MaghiBitoBEVEMtor M Refain résiaeshiet, thaﬁlﬁbﬂkﬁﬂt a%@isal
Medi um Eagl e (BI\/E) RPM 1640, F-10, F-12, a ni mal

essenpositidvedf the paddt irfdemstowy’ s M nimal  essenti al
Medi um (GVEM), |scove's Modified Dul becco's Medi um

all of 1E€0MM ustmllybeomprisssca abinymanainorghaic dlstsuch as
preferred CCMM i s GVEM havi ng the conposition
dezincj bred, magdiaddiani, cdlebhm, hnd potassium, a vitamin, glucose, a
i ngr edi entsconcentrations (ng/ L) CaCl2

( dmffelr spsteR00a@sFentibiD apsineHdd, atdkitietliRe 00 Exgaaples of
(anh drous%97 67 NaCl 6400. 00 NaHC(O32750. 00

CCMM include Dulbecco’s Modified Eagle’s Medium (DMEM), Minimal

essential Medium (MEM), Basal Medium Eagle (BME), RPMI1640, F-10,
F-12, a Minimal essential Medium (aMEM), Glasgow’s Minimal
essential Medium (GMEM), Iscove’s Modified Dulbecco’s Medium, all of
which may be commercially available.

Most preferred CCMM is GMEM having the composition
described in Table 1.

Table 1

ingredients concentrations (mg/L)
CaClz (anhydrous) 200.00

Fe (NO3)3 9H20 0.10

KCl 400.00

MgSO4 (anhydrous) 97.67

NaCl 6400.00

NaHCO3 2750.00

NaH2PO4 H20 107.80

D-glucose 4500.00




NaH2PO4 H20107. 80 D- gl ucose4500. 00 16 phenol redl16. 00
L-argi nine HO 42. 00 L-cystei ne HC 31. 29

L- gl utam ne292. 00 L-hi stidine HO H2Q21. 00

L-i sol euci ne52. 40 L-Ieucinesz.%% L-1ysine HO 73. 10

L- net hi oni nel5. 00 L- phenyl al anirRe33. 00

L-t hreoni ne47. 60 L-tryptophan8. 00 L-tyrosine 2Na
2H2052. 19 L-val i ne46. 80 D- Cal ci um pant ot heni ¢ aci d2. 00
choline chloride2.00 folic acid2.00 i-inositol 3.60

Nisteemaintede?. 00 pyri doxal HdgpPO riboflaving.
tlhiamn HQA 2 00 Preferably,] CCMM conprises 0. 1nW
ndwasggeneilBCl ani no acid, |&M400mM sodi um pyruvat e.
Ner—essenttak—am-hro—act-d—as—sedherein—ineludes a
MLCUSEIRE HOL| ani ne, L- aspa?r]aapnle_, L-asparati c |aci d,
L TR 7 AT s S
garii-hisadirss HGI Wi on 10 mM|IZ21g00d

L-isoleucine 52.40

L-leucine 52.40

L-lysine HCI1 73.10

L-methionine 15.00

L-phenylalanine 33.00

L-threonine 47.60

L-tryptophan 8.00

L-tyrosine 2Na 2H70 52.19

L-valine 46.80

D-Calcium pantothenic acid | 2.00

choline chloride 2.00

folic acid 2.00

i-inositol 3.60

niacinamide 2.00

pyridoxal HC] 2.00

riboflavin 0.20

thiamin HCI 2.00

Preferably, CCMM comprises 0.1mM non-essential amino acid,
and 1mM sodium pyruvate. Non-essential amino acid as used herein
includes a mixture of L-alanine, L-asparagine, L-asparatic acid, L-
glutamic acid, glycine, L-proline, and L-serine, which is commercially
available as MEM non-essential amino acids solution 10 mM liquid

(Invitrogen). Sodium pyruvate as used herein includes MEM Sodium
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(I'nvitrogen). Sodium pyruvate as used herein includes

MEM Sodi um 17 5 10 15 20 25 pyruvate sol ution 100 nM

liquid (lInvitrogen), which is commercially avail able.

A differentiation inhibitory fdédtor is a liquid factor

rel eased by a feeder cell and a pluripotent stem

cell, and inhibits the differentiation of an

undi fferentiated cell. Representative differentiation

inhibitory factor include |eukem a inhibitory factor

(LpAuvate sadupiosf B0 edM hguid dirfvirogen), avhimh is commercially

inhibitory factors are artificially prepared from

ecavriddlele. vi ewpoi nt, and in view of avoi dance of

pat hogen cont am nation which would involve the

i sol at i orft diffeneatiatiar ighibitenyl fagtomjisbadicedd fantarhreleased by a

isolation is possible since the factors are inherently

bi iegsr csll and, psplariratent stemseelbfand prbikitsshe differentiation

differentiation inhjbitory factor such as LIF, a

r e@ %i%ﬂ?fteﬁ%ﬂél‘—qd ¢l hRegresentative diffsrentiatipntishyjbitory

factor that i epared. vj a genetic engineering is

pr%ﬁé?%mQjU%geﬁks- rRgpbieth fager (Id]ithi b 1y ereferred that

as bic _.acid,. or..the lLike my be us as an i

oS AR OTL i lgay 9 Sradt AR BFepares fpm economic

Those conpounds are offered co rcially, and readi.l _

2V SEPRREE 04 I Ty i aoadtarice PLPationdd srpéatmiaption which

S raoliferati of. pluri.potent. sttem.cells.

B8 eid Batdfs Bedablidt bE e trors b ip R SRS nvhicn

re ] : ' t 1. X1 ur e .of

b e R St w2 T

i ngLed t. : . 1.5 ]

o “ABSFReS, | 1 calsh I3 BEbRIGHEHBR A SRR factor

al 9”9? r C b r Is i . . e e

extrac%ss,ﬁﬁ’%e Eygro ysat@?te etga %glll%f&léeltrg%%ll%n inhibitory
factor that is prepared via genetic engineering is preferably used.

2-Mercaptoethanol, dithiothreitol, ascorbic acid, or the like

may be used as an antioxidant, and usually 2-mercaptoethanol is used.
Those compounds are offered commercially, and readily available.

A serum replacement is a substance that supports the
proliferation of pluripotent stem cells when added to a serum-free
culture medium. A serum replacement may be a single substance or a
mixture of the substances, and specifically comprises one or more
ingredients that is selected from the group consisting of an albumin
such as bovine serum albumin; or an albumin replacement such as
bovine pituitary extracts, rice hydrolysates, fetal calf albumin,
ovalbumin, human serum albumin, bovine embryo extracts, and

AlbuMAX I (Registered Trademark); an amino acid such as glycine, L-

alanine, L-asparagine, L-cysteine, L-asparatic acid, L-glutamic acid, L-
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oval bum n, human serum al bumi n, bovi ne enbryo

extracts, and AlbuMAX | (Registered Trademark); an

am no acid such as glycine, L- alanine, L-asparagine,
L-cysteine, L-asparatic acid, L8glutamc acid, L 18 5

10 15 20 25 phenyl al ani ne, L-histidine, L-isoleucine,
L-lysine, L-leucine, L- glutam ne, L-arginine,

L- net hi oni ne, L-proline, L-hydroxyproline, L- serine,

L-t hreoni ne, L-tryptophan, L-tyrosine, and L-valine; a
viplhenylalaninendfhistidine| Laisbieundhe| Lilysiray|[ateansine, L-

such as an iron-chelating agent including ethylene

di glmitamine; Leargoeinies Lamathieting, éaprajinye dl-hydroxyproline, L-
bi s((3-am noethyl ether) -N,N, N,N -tetra-acetic
acserneldi-¢hoeamineg L-trypgdphen, dityeosiays, eprdbpavaline; a vitamin;
di et hyl enetri am ne pentaacetic acid, and

t rtaansferrindpn ai trapgtaroine xeplacBindnt such astammiracethelating
acid, and_an iron-chel ated conpound [nclpdin% ferric
ciagentdnehadingethylene diagpdne datresaectihatia, ethylene glycol-
antioxi dant such as reduced gl utathi one and )
adeistiramineehvletherk Ns Bl N, Ni-tetrprscasic agid, sleferaxamine

re Iacenené,such as a zinc-containing compound ) )

i rrglﬁamaﬁa, IRercantepreransl, giethylenewiaminge peptagsefic acid,
and zinc suylfate; .a collagen precursor such L-proline,

B Grns  ordinminaricleilRer LR NN 4 anaseie 8cid, and an

RSB ling, bictling Eiric Cgate RReere o ferrous
RSB L ebroRlEhER Ao Elifathione and
P, RN S I T e BB a
U L0 R I e,

RaproRRfMY Ahd YinS SUHELL SR REEEEA Sredlfs & EGEAD-proline, L-
hydroxyproline, and ascorbic acid; and a trace element such as Ag*,
Al3+, Ba2*, Cd?*, Co?*, Cr3+, Ge4*, Se?*, Br-, I, Mn2+, F-, Sj4*, V5+ Mo6+,
Ni2*, Rb*, Sn?*, and Zr4+.

An example of the serum replacement is described in Japanese
Patent Publication (Kohyo) No. 2001-508302 as “a supplement for
serum-free culture medium of eukaryote”, and the composition of a
serum replacement can be determined as appropriate in view of the
publication. Representative serum replacements are offered
commercially as Serum Replacement for Embryonic Stem Cell (KSR) by
Invitrogen, and readily available.

LIF, 2-ME, and KSR as described above may be usually
adjusted to final concentrations of 1 to 10000 units/ml, 1 to 1000 uM,

and 0.5 to 90% (v/v), respectively, and preferably to final
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commercially as Serum Repl acenent for Enbryonic Stem
Cell (KSR) by Invitrogen, and readily avail able. LIF,
2-ME, and KSR as descri bed above may be usually
adjusted to final concentration® of 1 to 10000
units/m, 1 to 1000 }iM and 0.5 to 90% (v/v),
respectively, and preferably to final 19
concentrations of 100 to 1000 units/m, 10 to 100 pM
and 5 to 20% respectively, in a culture nedium The

c oopustritrationt dffEO(Mte1ON0 unitsgmil, AO 80d00NENE and 5 to 20%,

i ngredients nay be added to a culture nediumin a
porasipectivhbt, ipraoculiese rhediummenddte Eomalosition of the present
concentrations, or two or nore 5 portions that totally
priswieggiorhendrithesddugrédiants anay eradderhso aThdtpte noédium in a
the culture nedia is usually adjusted to 7.0 to 8.2,
preeEiebithat pgovides the initended Hirzd rdemeanératidres, or two or more
conpositions and the culture nedia according to the
preedinng thahtotaHy mipvide the intesrdadofingbtoncemtrations. The pH
drying form The_ 10 solution may be a concentrated

or eorultusspnediadst wsualdpadiustadcte e tw 8.2 praferrlaly 7.3 to
appropriate before the use. Liquids for diluting or

dii- o&'@‘ihnﬁ ifarkenAtssi ti ons or the culture media in a

f or m of lution or adr;(/:{'g_?ﬁjfogminclude water, a

buf f er ed EOTPOSHIORS SR cyltusgyaediapgreanding to the

Z%ﬁe%%ﬁtiﬁ%&ﬁ%%%% Bt gigi{%ﬁofigﬁlﬁlgﬁiqﬁfpg%sdaﬁagtfﬁ@n- The
CHER B AoRSCOLALIN o M (PESEALYEIE F00%S whic
S5 B T R S AR I R0 o
o iShol g Oh AL, LPPAE DSB8 B ot cotution
%, € AR OR LU, pRUERER DYEM L A enc o

prishediaRigicd ngaliRdi %1(33“ ?{‘Iﬁﬁr :nz.%g %e.are%ﬂiim %’l{e%‘&ré;?e?.gig?)?ﬁg}iate.

medi'um suppl enent’e ema in t ol
an anti oFrdfithblyR thel ¢t pbSRiAES IBA! (N RUFO IRESiA 48brding

of the present i'nvention may be used to
to the present invention are sterilized to prevent any contamination.
The sterilization methods include ultraviolet irradiation, heat
sterilization, radiation, and filtration.

In order to proliferate pluripotent stem cells while retaining
their pluripotency by the process for the culture according to the
present invention, the culture media of the invention described above,
preferably the media comprising a cell culture minimum medium
supplemented with leukemia inhibitory factor, an antioxidant, a serum
replacement and a composition of the present invention may be used to
culture the pluripotent stem cells in a culture condition commonly

used in the art.
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25 culture the pluripotent stemcells in a culture
condition commonly wused in the art. 20 5 10 15 20 25
Pl uri potent stemcells include those derived from

di verse animals such as manmaleg i ncl uding a hunan, a
nonkey, a nouse, a rat, a hanster, a rabbit, a guinea
pig, a bovine, a pig, a dog, a horse, a cat, a gout,
and a sheep, birds, and reptilian, and the cells
derived from the manmal s are usually used. Exanpl es

of pluri Riueigotehestamnl dedls invthddehEse detived fEentaiverse
EC cells, APS cells, and MAP cells. Cells frequently
usanimalks &l elsl maimwmlsiineludihg asnhobein 04 mhbtikepohanbuse, a
stemcells to be cultured is not limted to a specific
onesit, anbiamiséer, @ oalelsis, Aguinke mg| albevinecarpdigng dag, tehhorse, a
i nvention has an advantage that the process can
preatu@egeutlagthh steidp, fupds,sandmeptilinne hinfdetted calys demived from
culturing one pluripotent stemcell. Pluripotent stem
cefhesmagngals @regrsiplisaypsed. d&yemples ofrpluripatent stem cells
cells, and are preferably independent from feeder
cdnciudegayeells,cBG c@&ﬁ@mﬂ%ms polisand MAPxsllss  Cells

be changed, to feeder cell- |ndependent ones by
F%%%’tl@aﬂy lg%’cﬂrq 85 eells o aninsr  déie Bumersy of hﬁmpotent
culture gondition w t hqut ariy feeder cells, an

t

d
seHER CRYS Lo hescyultyredde notdipited g a spacificu@ne, and the

cified. ecific procedures of the process for the
ifﬁlﬁ%ﬁésg?r ae% et Recar élagé%ﬁflg inveRtenmas anadvantage

P R s e ST8E51 o By RESReS3B¢ b faring

o S EES ph B AR SURERY 0, oL 1o,

ed., the Piﬁi‘ilﬁ%@erjngg@fn cells to be cultured may be dependent on
feeder cells, and are preferably independent from feeder cells. Feeder
cell-dependent pluripotent stem cells may be changed to feeder cell-
independent ones by repeatedly subculturing the former cells under the
culture condition without any feeder cells, and selecting cells that meet
the condition thus specified.

Specific procedures of the process for the culture of pluripotent
stem cells according to the present invention can be conducted in
accordance with the procedures and conditions commonly used in the
art. For example, the procedures may be determined consulting the
literatures such as Norio Nakatsuji ed., the Jikken Igaku
supplementary volume, Posutogenomu Jidai no Jikken Kouza 4
“Kansaibou/kuron kenkyu purotokoru”, YODOSHA (2001); Hogan, G.
et al. ed.: Manipulation of mouse embryos: A Laboratory Manual, Cold

Spring Harbor Laboratory Press, Plainview, NY (1994); and Robertson,
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suppl enmentary vol unme, Posutogenonu Jidai no Ji kken
Kouza 4 "Kansai bou/ kuron kenkyu purotokoru", YODOSHA
(2001); Hogan, G et al. ed.: Manipulation of nouse
enbryos: A Laboratory Manual, @ald Spring Harbor
Laboratory Press, Plainview, NY (1994); and Robertson,
21 5 10 15 20 25 E. J., ed.: teratocarci nona and
enbryonic stemcell, A Practical Approach, IRL Press
Oxford, UK (1987). Typical procedures for the

subcdl,tad. e teradotampineinacaht wrabreamidi sSteanseldy & Practical
descri bed below. In order to subculture ES cells,
grapproZEd ,dRL BrewseOkfarslt, WKr{3887) t h phosphat e
buffered saline (PBS) once to twice, and then a

suf fi ci efMypacalupriocetiuaes foptha sEDTAlRIeHnd typida? sUlture
trypsin-1nM EDTA in PBS) is added to and covered over

t leoruditions arfeodl¢sswdetdbpelamyi by ordler teslibctibturki B8 cells, grown

m nut es. Subs_,equentﬁlz%, .a PBS containing a trypsin

i hb sedlsrans fiest rEssesk witle phasphate mufisredestiline (PBS) once to

cont ai ni ng a serum (CCMW+LI F+2- ME) is added thereto,

ar@vicpeang| thenyg sufficiens ganauag oby ypsin-EIYTA medution (0.25%

suspensi gn is_usual l centrjfuged to sedi ment the

ceryRsinpleM ERFimEBHds £ and, cauesed qver thgtealls,

cells are resuspended i n ES cell cultyure m ni num

rretjﬁhﬂfﬂe@om’ iﬁf%ﬂlﬁg t esfé?l%@af‘ae TURYLSS-epPeabEaEnentlyng PBS

a portion of the suspension is_seeded into a.feeder .

c RIS 2 sy PR TP AT 88 a1t ES vl CHIGiE iy anedium

by incubating the 7~ 1 n 5% As an

rSUARRE SRerid: (rCMMTLI (308) B Rducd thererdamd he cell

of __the .pr nt. invention.that,.s rmed at .37.'Cis

adneasis Soefuied Y Hedlting e, Thé ¥l TiSpdision ds sl

Wi . % (. t ] S ' erein

oIt eEiHaed od selinbbn? IhE cdlls, St RtagPly (5 EbRrmatant, the
sedimented cells are resuspended in an ES cell culture minimum
medium containing a serum or a serum replacement, and a portion of
the suspension is seeded into a feeder cell layer, or a gelatinated plastic
plate, followed by incubating the cells at 37 °C in 5% COa.

As an embodiment of the present process, the culture medium

of the present invention that is warmed at 37 °C is added to a
gelatinated plastic plate which is treated with a 0.1% (w/v) gelatin
solution, and therein pluripotent stem cells are seeded at 10 to 1000
cells per 1 cm?. The plate is placed into a CO2 incubator, and
incubated at 37 °C in 5% CO2. Developed colony (for example, El4tg2a
cells are grown within seven days) is again seeded in a fresh medium to
conduct the subculture, and at this time a PBS containing a trypsin

inhibitor is preferably used.

Preferred example of a condition that the cells are seeded “at a
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cells per 1 CM. The plate is placed into a C02

i ncubator, and incubated at 37 'C in 5% C02.

Devel oped col ony (for exanple, El4tg2a cells are
grown within seven days) is agaRn seeded in a fresh
mediumto conduct the subculture, and at this tine a
PBS containing a trypsin inhibitor is preferably
used. Preferred exanple of a condition that the cells
are seeded "at a 22 5 10 15 20 25 | ower density than

t Hatvertdeetsityt tlows thdi addoh gllows pajacdntsplenimetehs stem cells to
interact wth each other so as to induce the

prinkerdfaet avithesachuothdrf sy aattbdnhedicel threi patl Hetatstegm

cells" specifically includes a condition at 1
cealndiffeentiated pluripstent stenolwedish specificallly ipocpades acrondition
of pluripotent stemcells fromone cell should neet

t Hitsl ceHdmm3ordass.heA sispdbl olstaierat clohad poprdgtinoust

cell line of pluripotent stemcells or the .
priduripatent stewf cgllsutrppooastcall shouvld meejdhés cenditjon on the
mani pul. ated. The preferred enbodi nent of the present

i ipéablishmaniotha omogenaup cell dinfepf plinigotend sfemypglls or the
and &’Eerefore save the needs fi)r screeni ng of a serum

| qroliferation ef plwgratet steup sellsgensticaliymagipulated.

whi ch are_ usually conducted in the cell culture.

Cul ture arefe%ﬁﬁw@i &lmﬁ@tkqf&%ﬁ PrEgEBLiRYRIstion involves no

2SBT OF Rdee L RLESEM, LIVCR! Lon ks, b poSSLEl e,

D AGHRRAEE 3 SRGE1LS LT 8RO AR hd con

e e BB SR SR e

DR TR ol Bt SRR baon
malkes it possible to proliferate single feeder cell-independent
pluripotent stem cells while maintaining the cells in an undifferentiated
state on a gelatin-coated plate under a condition that the cells are
seeded at a lower density.

Further, present invention provides a process for screening for
an agent that is capable of proliferating pluripotent stem cells while
maintaining the cells in an undifferentiated state, when added to a cell
culture medium without feeder cells and serums. Specifically, the
process comprises culturing feeder cell-independent pluripotent stem
cells (for example, mouse ES cells) in a culture medium comprising a
cell culture minimum medium supplemented with leukemia inhibitory
factor, a serum replacement, an antioxidant, and a candidate agent,

checking the presence or the absence of the produced colony of

undifferentiated pluripotent stem cells, and selecting a candidate agent
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mai ntaining the cells in an undifferentiated state,

when added to a cell culture mediumw thout feeder
cells and seruns. Specifically, the process conprises
culturing feeder cell-independgat pluripotent stem

cells (for exanple, nouse ES cells) in a culture
medi um conprising a cell culture m ni mum nmedi um
suppl enented with | eukemia inhibitory factor, a serum
repl acenent, an antioxidant, and a candi date agent,
chiakishpwhe gigadfenes positive sigpsalnce of the produced
colony of undifferentiated pluripotent stemcells,
and sel e@henfpranataomiiod at eolagyndf the thdifferkavmted cells may be
nificant positive signal. The formation of a col ony
C%Idwkednmmphloémglcaﬂjedlmg Ippotain $tainicigeniethbods including
norphologlcally using protein staining nethods
i Aedischmgn stdinimgranUsdéfferendiateddidlf megierasudhoad hlkaline
mar kers such as al kaline 5 phosphatase, and SSEA-1, 3,
4 phesnhatasgnapd SPEA-Ls8d4 amdgenepnabe alseusedednd they are
with an antibody. Additionally, the expressions of
odeterted yateaamnideedy. gAdditerally cthe exprassins af Cy:t 3/4
in undifferentiated cells and therefore the
usEdreaang R@éﬂsg?‘b‘? offar chasrctensiiaally maunétﬁ%crﬁnaﬁt@ﬁ cells,
ed to, check for

Of W ?ﬁ??ﬁe lg'%w gy Be ysed 48 azﬁlefsﬂSAfoe&#ﬁd‘shqqkon Ypually, a

a cal cuI e medi nd a t

c sRbiEtEs ot dhRat v b fe Seod Bhichsclibeele tnditferentiated
deSfﬁrl bed above are as foll ows: Corrp05|t| on of a

tyical culture medium GVEM 10% KSR, 10 pM 2-ME, and

i%&os%%m sl S dliaEahldre B < Bt
CSC{I{I?J.JI(CO cOfdRS (g'g o6k 8&&38%,@%%? dégfggq%ﬁg&gerses §escribed above

ure used per one ¢
are as follows:

Composition of a typical culture medium:

GMEM, 10% KSR, 10 uM 2-ME, and 1000 U/ml LIF;

0.1 mM non-essential amino acid, and 1mM sodium pyruvate;

The number of pluripotent stem cells to be seeded on the
medium: One ml of the culture is used per one cm?2, and 100 cells are
seeded.

Culture condition: 37 °C, 5% COz2;

Means for checking and observation: The medium is checked
after seven days, and the number of colony of undifferentiated
pluripotent stem cells (/ 1cm?) is estimated according to the following

table.

Number of colony of Estimation
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seeded. Culture condition: 37 C, 5% C02; Means for
checki ng and observation: The nediumis checked after
seven days, and the nunber of col ony of

undi fferentiated pluripotent gaemcells (/ 1lcnR) is
estimted according to the following table. Nunber of
colony of Estimation 24 5 10 15 20 undifferenti at ed
cells (/ch) O- | to 5+1 6to 10+2 | K4 L+3 The process
for—t eu-ture—-accordingto-the prccanf i nventi on
ndﬁ%@ﬁ*¥eﬁﬁ§§?%F€n§3/%¥bﬁhce a clonal popul ation of
QT potent—stem cef s by guiturtngamd proliferating
ne pluripotent stemcell. This provides an advant age
whego & popul ation of pluripotdant stemcells, of which
he genone is altered, is necessary and when a

t

trfaﬁ%g}éhl c animl is produg é‘@ As a medj um for the

C re—of—arepresentativerexanpte—of—pl uri pot ent

St 1, ES cells, a cultur& medi um conprising a
ceft——utture m i munm medrunT suppremented Wt h

| eukemia inhibitory factor (1), a serum (2),

2- mer capt oet hanol (3), and feeder cells (4) has been

used. Whdine pyocess(fay the sudbms ascardingsn thequtesentlinvention
i ndependent ES cells may be cultured on a

gépaﬁpﬁ i passiblp tagwodyice a clonal population of pluripotent stem

cells by culturing and proliferating one pluripotent stem cell. This

(@]

provides an advantage when a population of pluripotent stem cells, of
which the genome is altered, is necessary, and when a transgenic
animal is produced.

As a medium for the culture of a representative example of
pluripotent stem cell, ES cells, a culture medium comprising a cell
culture minimum medium supplemented with leukemia inhibitory
factor (1), a serum (2), 2-mercaptoethanol (3), and feeder cells (4) has
been used. When (1) to (3) are comprised, then feeder cell-
independent ES cells may be cultured on a gelatin-coated plate to
which the cells are directly adhered, and (4) is not necessary. When
(4) is comprised, (2) may be substituted with a serum replacement (5),
which makes it possible to culture the ES cells without a serum. The
present invention provides a process for the culture of ES cells in the
absence of feeder cells (4), which comprises adding an inhibitor of an
adenylate cyclase activity (6) to such medium as that without a serum.

The aforementioned descriptions illustrate an embodiment of
the present invention in which “a condition that an adenylate cyclase

activity is inhibited” involves the addition of an inhibitor of an
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which the cells are directly adhered, and (4) is not

necessary. Wien (4) is conprised, (2) nay be

substituted with a serumreplacenent (5), which nakes

it possible to culture the ES @8 1s wthout a serum

The present invention provides a process for the

culture of ES cells in the absence of feeder cells

(4), which conprises adding an inhibitor of an

adenyl ate cyclase activity (6) to such nedium as that

wi adenylate sgclase adtevitf to amaetiumedr dies coibbination of the

illustrate an enmbodi ment of the present invention in

whindtibiter owitidi thieametinam, dutasiecly lbatendiyivmean techilfilled by

i's_inhibited" involves the addition of an inhibitor of

andiffergnt suitabRe naethadeny IRareexarpls ea avttheidt fprtinhibiting the

medi um or the conbination of the inhibitor with the

nmedwRnessian of apradensdatit cydase gengeirf alﬁluhlp@delb‘ystem cells by

di fferent_ suitable nmethods. For a nmet hod for

i nEREBIS| HgmRA N As Sfosexanaple, w@glme&l@mra@aaressmg a
ene in.a plur Békt)ent stemcells b{a means of nMRNA or

RNNO eqYe %@ﬁd}a ity a8 aderylade cvelaseqatiyty wig genetic

nol ecul e that inhjibi tsqyan adeny| ate cycl ase, activity

vi NYBRETTE P &P gnﬁaé’éeédﬁ THAZRBETIC warigpt, can be

antagonistic yariant, can be utili zed according to

thléaﬁﬁ?fiﬁ‘PFBﬁngnt H&HB’F“&%%a the present

i nventio vi.des a um s l.enent. for th .

cul ure SRR e A PEG L P lﬁncawe&g%g mgdium
prayepaTont frelne uisré 3r BFREeRrh S e oy iigh omprises

ro con I NgpOf

s&fzféé%Y 851%0?&{18&&? 4f SR dh Aifias iy " gpferably, the

di; t

‘. 1?131?§i§gg$)zﬁn§§?1ﬁgfa%¥ %&g&?%o%%tﬁ\q?y i0Selefted from the group

2' consiStiHgBHEID836"O - R trEFPRRRBOS HIRL By AdchiMR). 2, 5-
dideoxyadenosine, 9-cyclopentyladenine, 2’,5-dideoxyadenosine 3’-
diphosphate, 2’°,5-dideoxyadenosine 3’-monophosphate, and MDL-
12,330A (cis-N-(2-phenylcyclopentyljazacyclotridec-1-en-2-amine), or is
selected from the group consisting of adrenocorticotropic hormone
(ACTH), brain natriuretic peptide (BNP), pituitary adenylate cyclase
activating polypeptide (PACAP), and a peptide having a physiological
activity substantially similar to them.

In a further aspect, the invention provides a medium for the
culture of pluripotent stem cells, which comprises any one of the
medium supplements as described above. Preferably, the medium is
free of a feeder cell, and/or a serum. More preferably, the medium is

free of both feeder cell and serum. The medium may comprise a cell

culture minimum medium as a minimal essential medium, and may
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12, 330A (ci s-N-(2-phenyl cycl opentyl)azacyclotridec- 1

-en-2-amne), or is selected fromthe group

consi sting of adrenocorticotropic hornmone (ACTH),

brain natriuretic peptide (BNPR6 pituitary adenyl ate

cycl ase activating polypeptide (PACAP), and a peptide

havi ng a physiol ogical activity substantially simlar

to them In a further aspect, the invention provides a

mediumfor the culture of pluripotent stemcells,

Wrotitprisefartdes adyffereatizitid énhibdtbrynfastgplesemirm as

descri bed above. Preferably, the nediumis free of a

f eeplCceretht andddwandiccaedant. More preferably, the

mediumis free of both feeder cell and serum The

medi um mhy acsifdfusthex aspdct, the inventmomipromdesd prmoasss for the

a mnimal essential nedium and may 26 conprise

f wultare of pluripetenti siefoeclishwhiclo coniprises culiusismg the

repl acenment and an antioxidant. In a still further

adeEipotent stemernlisoangen ai epnditiopr dratsan fglenyiric cyclase

culture of pluripotent stemcells, which conprises .

c@ctiyitynig ikubieg spidprecasssalipwing (e pypliferate the pluripotent

condition that an adenylate cyclase activity is

i (R eells “gaiedrrm«la&@@én&thmehlg AR Hdifisrentdatasestate. In
i pot ent stemaells whi | e intaining the cells, i

g'ﬁ GriFocesseths Sonditigmthat pp a o crclase getivity is inhibited
" Shek b le A B 8RB B U235 BB ke apriviny.
PR 00 GNP S EhAY be e BB R i as
FRSFLRR ABUE. ALCREAhERo B AALGI MY, B5R 0Ty TBbien:

o PR PR Bl lS BIS: o AR OIRbON ks et
ReERPEARE o0 YRl oV lon 2 chua0f LRGSR Bhe mediuim

U‘r?]%;i REQrihEd %tb%q'e%igr%vf@é Htc%ﬁépggﬁgllation of the cells in which

( fferentiated state under t t1on that _
nehesiuriadat stéinl Geliafl Abt $RbUBratéd®whiltenlBHAtMRing an

suppl'enent as descri bed above'is wused. According to

t iendifferendapid s etz under hetbaditeeh thhemMeiidr feéder cells
and/or serums, nor the medium supplement as described above is
used. According to the culture process, one pluripotent stem cell is
preferably cultured in the medium as described above to provide a
clonal population of the cells. In the process, the pluripotent stem
cells may be ES cells, or may be derived from a mammal. The
pluripotent stem cells may be also derived from a human.

In a further aspect, the invention also provides an

undifferentiated pluripotent stem cell that retains its pluripotency,

which is proliferated according to the process as described above.

In a still further aspect, the invention provides a process for the
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preferably cultured in the nmedium as described above

to provide a 20 clonal population of the cells. In the
process, the pluripotent stem cells may be ES cells,

or may be derived froma manmaby7 The pluripotent stem
cells may be al so derived froma human. In a further

aspect, the invention also provides an

undi fferentiated pluripotent stemcell that retains

its pluripotency, 25 which is proliferated according

t actilitar® bo pbasipasetieseim ketlsphdieh doinprises lculfutihPehe
aspect, the invention provides a process for the 2

c upluripoteht Eterni pelleninderencordition that Ancadglagscyclase
culturing the pluripotent stemcells under a

c oanctivity s irilaibitod, adéd Pratess gilbadng tedsitablish ithe

i nhibited, said process allowing to establish the
undnfliféarentiadéed gplpripatent stemstedls céhlthe prodelss, the condition
process, the condition 5 that an adenyl ate cycl ase

acthiatiaty adenyldtieniytadaiseragtivity b vehithited seapineive the use of an
i nhi bitor of an adenylate cyclase activity. The

c unhibgopod easadanylase cyplasemrativitinsi e tchdtunedproness may be
descri bed above. In the culture process, the

pl Renfponediusing-theemeslivay ap dlessribed abovs. raythreculture
derived froma manmal. The pluripotent stemcells my
bePLACssSJErS pPharippient stgm Cﬁﬁﬁﬂnay ke BSteallher mapdes derived
the invention alsg praovides an wundifferentjated .

pl GPTHBIBAMEAEM Toriphimmotent st Galls may ppglsndgrived from
which is established according to the process as
dé%g?VB@H'above. 15 20 25 The fol | owi ng wor ki ng

CLaTDl oo 8 2 R SRELSL  PHRRSE P vt b o
T N s R
rf‘\&h | nbs:r Pﬁ%ﬁlmégﬁorlﬁaﬁéE§ttp'<ea$@prg%ggg atsodé)secribed above.

The following working examples are presented for purpose of
the demonstration of the invention that makes it possible to culture ES
cells in a medium prepared from all of the known ingredients, without a
serum and a feeder medium. Those examples are not intended to be

limiting the invention in any respect.

Example 1

One hundred of the feeder cell-independent ES cells (E14tg2a
(Hooper, M. et al., Nature, 325, 292 (1987)), CGR8 (Mountford, P. et al.,
Proc. Natl. Acad. Sci. USA, 91, 4303 (1994)), and ES cells derived
therefrom) were incubated on the gelatinated 12-well plate treated with

a 0.1% (w/v) gelatin solution at 37 °C in 5% CO2 in one ml of a culture



Exanpl e 1 One hundred of the feeder cell-independent
ES cells (El4tg2a (Hooper, M et al., Nature, 325,
292 (1987)), CGR8 (Mountford, P. et al., Proc. Natl.
Acad. Sci. USA, 91, 4303 (1994pR, and ES cells derived
therefronm) were incubated on the gelatinated 12-well
plate treated with a 0.1% (wv) gelatin solution at
37 Cin 5%C>®2 inonem of aculture 28 5 10 15 20 25
medi um of d asgow m ni num essential nedi um (GVEM

Si gredjunsefiGlasgaw eridinouint essertialimediuRd(GMEM; Sigma) used
supplemented with (1) 1 x 103 Um LIF (ESGRO

| ras araegleoyiltu¢8)mihifgynid Dredbnnastippldasnted Watta(Hi 1 x 103 U/ml

Tesque), and (5) 10% (v/v) KSR (lnvitrogen) per well.

Fi Md (FoSERE), Imvitrogenpr(3) feljiNt Gbmteiroaptddihanocl (Nacalai Tesque),

supernatant was renoved by aspiration, and then a

Leanrd ipah0% &t/v) ABRi(tpiitrogenbger weslschman St ai ni ng:

Sigma/ L nethanol) was added to the plate until the

li qui d cdVee dayslar wiore pdtestibfeansudfatiorg fhleaseperfratant was

plate was |left at roomtenperature for 10 ninutes,

anEmoYet By\aspirafery anddheanadsischman stginimpliquic (1.5

bl ue-stai ned col.onies, no formati on of col oni es that _

mek§iBER e PhngpPIsBRbymetharol)l AT rddeditpdhsdplate until

stat e.was, shown b he naked eye and_|ight_ m croscopy

( Fﬁ%. llau'((’gfﬁ?‘.’er\ﬂﬁ‘e%u ohdhe S Haeobdioplathoy TRccRath A left at

culture nmedi um wherejn the nmedi um descri bed above wa

o s RS (LIRS resd BRsed My oy AgH (b isthman

col.oni.es, of . undi fferentiated cel.ls was. observed. (Fi g.

1 5@ B, Eot MBS il ColbRin St tormaionsst lpjes that

+ I i ngredi ent e ntial for the

f PRl R s BPeR Pt AR e B b Resed A wagahown by

c ri 0. F . . fqrmt i

corBrhaRE e S HERL micdibictity, (g @' Wneh the BS cells were
incubated in a culture medium wherein the medium described above
was supplemented with 0.3% (v/v) FCS (2), an average of 17 colonies of
undifferentiated cells was observed (Fig. 1 (d)). This showed that the
composition of (1) + (3) + (5) should lack an ingredient essential for the
formation of undifferentiated cell colonies, which was comprised in FCS
(2). Further, a formation of colonies of undifferentiated cells was
observed when the ES cells were incubated at 1000 or more per well in
the culture medium having the same composition ((1) + (3) + (5)).
When the conditioned medium (CM) was added to a culture medium at
a final concentration of 10% (v/v), and 100 ES cells per well were
incubated therein, then an average of 7 colonies of undifferentiated
cells was observed (Fig. 1 (f)). This showed that the ES cells

themselves secreted an ingredient essential for the formation of

undifferentiated cell colonies.
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observed when the ES cells were incubated at 1000 or
nore per well in the culture nmedium having the sane
conmposition ((1) + (3) + (5)). Wen the conditioned
medium (CM was added to a culpgre nediumat a fina
concentration of 10% (v/v), and 100 ES cells per well
were incubated therein, then an average of 7 col onies
of undifferentiated cells was observed (Fig. 1 (f)).
This showed that the ES cells thensel ves secreted an

i ngr edi eStulaeseintht, £ oantitite eptideothaf had been selected from
undi fferentiated cell colonies. 29 5 10 15 20 25

Sulisexpeckhbwn graetidiastbes,pepbkiteed, hadptide hbesones and the like,
selected from diverse known growth factors,
cywak added foetiié daltwe medsiranzbrhpeising¢l) +\(Bs+48gethd the ES
to the culture nediumconprising (1) + (3) + (5), and
t reellsSvereincubwted therabated7t Heiwidvedf 03 3oGhat HeapaBility of
so that a capability of the candidate to forma
cdhersargdidatelite ffermam calay eblundiffererdiateddallsowas Al=tarmined.
result, a formation of colonies of undifferentiated ES
cels 8 igaitith @ farmeation of @elomiss sHolrdiffenantiobed Biodelds having
t he nmedi um suppl epented with 1 pM adrenocorti cotro?i c
hdhgRrpareniNngr ahalogyt was odseevesk pr e megligm sppplemented
pitujtary adenyl ate cycl ase, activating_pol ypeptide . )
( M’léb fi‘v%f\é)% reReTA iBRLroRKhaEmenss J Pé@)bram nagpyrgtic peptide,
be npted fhat Fig. ) to () showthe results .
o M PRHEE RIS SHUARe ARG R PEpETefiE. 1 (o)
2- uppl.emepted with FCS + feeder, cel|s, KSR +
 AGEH WBR SR 55 @ Perflaples gbahoiii pe Rtskeiarie 1 (@) 1o (o
whi,ch re_copfposed.in,the | oni es fornmed by t
e N e SRR i it 1B AT EC AR 6 Rt GMEM, LIF
t h [ tive.hn e b N t fo
alrbg{ac} Pﬁ@%h%@ la a%jégegc‘?’fﬂ\% ]€‘§Ig +$Le g Qecils,eﬁéR Pleeder cells,
and FCS, respectively.
The ES cells which were composed in the colonies formed by
the supplement with those peptide hormones were checked that they
were positive in the staining test for alkaline phosphatase activity,
which is a marker of the undifferentiated state (Fig. 1), and that a
transcription factor Oct-3/4 was expressed by the activity of a reporter
gene transducted via homologous gene recombination. This shows
that those peptides should have a capability to form a colony of

undifferentiated cells, similarly to FCS and CM.

Example 2
ACTH, which had been shown to have the capability at the
lowest concentration among the candidate peptides tested in Example 1,

and fragments thereof, were used to examine their significance. In a



10

15

20

25

which is a marker of the undifferentiated state (Fig.
1), and that a transcription factor Cct-3/4 was
expressed by the activity of a reporter gene
transduct ed vi a honol ogous gengQr econbi nation. This
shows that those peptides should have a capability to
forma colony of wundifferentiated cells, simlarly to
FCS and CM Exanple 2 ACTH, which had been shown to
have the capability at the |owest concentration anong

t hend ErdingaireerpepthiclaboveACTH anBxxderfragmentaN@hereof were
fragments thereof, were used to examne their

siafddd tathhe culture BkdiutDal d fhal ¢caicermrationtsf T M wherein
above, ACTH and the fragnments thereof were added to

t Hé) &0F 1 () &-MEl8j andaS) KSR madre summeletnettiedntood ctéllpMiture
wherein (1) LIF, (3) 2-Mg, and (5) KSR were

supphisaant medivn. cdlsia cesuloy ACTH (1-39)) ASTHIM -2, and ACTH
result, ACTH é1-39), ACTH (1-24), and ACTH (11-24)
sHéWe24) showed tohkave pladicapapilityherhexreas @ETH1(E 8399) showed to
showed to have no ca[%abi lity. ACTH (1-24) showed to

hdvave Re cepabiliet e ACTERPEBA) shpwedoteghate theagashpstent
havi ng .a capability, and showed the formation of the
cAeRAPIiEY amang the fagmentchayinge eapabilitys iand showed the
concentrati of 0.1 p Formati on rate of ]
carmRsdef e goltny bl badiireatialad cels cven at a final
proliferation rate int case of the_supplenentation

b1 BB D Sy hoe HorBa o el of Schiieramiqiee cell

case of 0.3%F 0., 10% CM The results scri be )

= 3200 RPErRT Brolier AT di eSS of the. spblementation
cylt 141 fumas used as. a Jnni essent i al

i AR T S PR RtRvle L g bt o the sese o 3o Fes
(L i_(%;;f)c ) 2-ME, (5) KSR+ (6) ACTH, nmkes it

possibl'e 1o proliferate ES cells while maintaining

the cell gnenedUtdde{dEbENRAVE AWt fat Whfifure medium

wherein a cell culture minimum medium as used as a minimal
essential medium was supplemented with a peptide hormone such as
(1) LIF, (3) 2-ME, (5) KSR+ (6) ACTH, makes it possible to proliferate ES
cells while maintaining the cells in an undifferentiated state, which

retain their pluripotency, even without serums or feeder cells.

Example 3

In order to examine what kind of signal transduction ACTH
involves within cells to proliferate ES cells while maintaining the cells
in an undifferentiated state, which retain their pluripotency, even
without serums or feeder cells, various inhibitors of the signal
transduction were added to the culture medium to observe the

proliferations of ES cells.
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retain their pluripotency, even w thout seruns or
feeder cells. 20 Exanple 3 In order to exam ne what
ki nd of signal transduction ACTH involves within
cells to proliferate ES cells ghile maintaining the
cells in an undifferentiated state, which retain
their pluripotency, even wthout seruns or feeder
cells, various inhibitors of the signal 25
transduction were added to the culture nmediumto

observe WEHTHM bkeh dnsa tefadtivateldrB ACTH Pedébth? Bdonging
25 ACHT has been known to activate an ACTH receptor

bejoo@gpitgeiri-eoGpld reteptoe ipiriles enBiilD Fedeitol iaRSivates an

whi ch receptor activates an adenylate cyclase

acddentlsitd byclags adiiwigcthiroaighothehctivatieni of trirperitadh sroteins
containing the Gag subunit. Now, to a cell culture

m cormtamimgdihenGq s wouemnint Bldwyi toha €&l clilkuAOmitimium medium
LIF, (3) 0.1 pM2-Mg, (5) 10 % (v/v) KSR, and (6) 10
pMwdlementedrikithi tlgprl »fl102nUAddiFa(3) Qyichd&-ME, (5) 10 %
activity, SQ2536 (9-(tetrahydro-2-furanyl)adenine)

( SVgmaKSR, asby 10 wad ACGTHhen mddbitor afdéan hdenylate cyclase
resul tant mediumwas used to culture the ES cells in

a antiitarS@aRR8p (Oo(tetrahysiror2-duprrylladesing) (Sigma) ahd00uM,
formation of colonies of undifferentiated cells was

uriskp dertheraddechiand dhe ggsulantrnediayn wag used tg galture the

of _individual cglonies was significant]y_increased.
| ES el inch eHBART tRATBEF dethal of fxampler 136 Asa geslt, no

o b SRS AR R L ot
S R T R MO,
significantly increased.

In order to check the effect of sole SQ22536, a cell culture
minimum medium supplemented with (1) 1 x 103 U/ml LIF, (3) 0.1 ptM
2-ME, (5) 10 % (v/v) KSR, and (7) SQ22536 100uM was used to culture
the ES cells in a similar manner to that of Example 1. As a result, an
average of nine colonies of undifferentiated cells was observed.

Further, even when the medium added with another inhibitor of an
adenylate cyclase activity, 2’,5’-dideoxyadenosine (Sigma) 500 1M, was
used, an average of eight colonies of undifferentiated cells was observed.
Those results show that the inhibition of an adenylate cyclase activity
caused the formation of colonies of undifferentiated cells.

An adenylate cyclase activity via a G-protein-coupled receptor
is usually inhibited through the activation of trimeric G proteins
containing the Gqi subunit. In order to check whether or not the effect

of ACTH mediates this signal transduction, an inhibitor of the Gqj,
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average of nine colonies of undifferentiated cells was
observed. Further, even when the nedi um added with
anot her inhibitor of an adenylate cyclase activity,
2',5' -di deoxyadenosi ne (Signa) 300 PM was used, an
average of eight colonies of undifferentiated cells
was observed. Those results show that the inhibition
of an adenyl ate cyclase activity caused the formation
of colonies of undifferentiated cells. An adenyl ate

cypérsesictoxing wasi added>torot€ll Buttouslmthiheaap hesdiuns
usual Iy inhibited through the activation of trineric G
prstupplesnemied with (ig 1 kel @GAUi/nsbIM)i(8) Ol hpMIBMEP(S5) 10 %
check whether or not the effect of ACTH nediates this
si g a) KiSRyresudi ¢6) b0, nMrACAN At adinalf cdrieerG@aation3¥ F00Gg/ml,
15 20 25 pertussis toxin, was added to a cell culture
mi ﬁhdﬁhﬁﬁ@éumtwpdimwaedlwd to caltutexthedBS \dellsiin a similar
LIF, (3) 0.1 5 10 % (v/v) KSR, and (6) 10
pMmACTETo thati ofaExmpgerh r AA$ arrestilf] 6beraflact,of AGTH was
the resul tant nedi umwas used to culture the ES cells
i rﬂrﬁubttﬁm and thensige qfdhtermlonfesaxfawpdéferemmtad cells was

ul t, the effect of ACTH was _inhibited, and the
oi deasficallileqeanrds. dhisshoMRCHhaH the efedterl ACTREON the

drastical |l y_degcrease This shaows that the effect of
Aé%nrrltﬁnthrhef cp rttﬁ?u rtlreﬂh fgﬁ%ﬁﬁ@ etllsmedintew He actiyation of

CFIRS Qreo BHEMET RA® ST hOs Gt AR TS woad bind B 'a -

Péé’%oﬁt?%} SRR r%ceéift%t Aot et Famon repehi SRenlfic to
|Gl 5 BSRCEI o e R GRS B B% o

e o s sl 9150 AR SHGPLLTLER 81 e o

AGETH Bﬂsth'éofo?m%tmn of colonies of undifferentiated cells should
mediate the following signal transductions: 1) ACTH binds to a G-
protein-coupled receptor that is associated with the Gqi, 2) then the Gaq;
is activated, and then 3) an adenylate cyclase activity is inhibited.
Accordingly, this suggests that any method could be selected so long as
the method inhibits an adenylate cyclase activity, in order to proliferate
ES cells while maintaining the cells in an undifferentiated state in a

medium without serums or feeder cells.

Example 4

The undifferentiated ES cells derived from the colonies
obtained by the culture with 1 nM adrenocorticotropic hormone in
Example 1 as described above were further subcultured twice, and the

resultant cells were injected into the mouse blastocyst to complete the
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prot ei n-coupl ed receptor that is associated with the
G i, 2) then the Ga i is activated, and then 3) an
adenyl ate cyclase activity is inhibited. Accordingly,
this suggests that any nmethod @ggul d be sel ected so

long as the nethod inhibits an adenyl ate cycl ase
activity, in order to proliferate ES cells while

mai ntaining the cells in an undifferentiated state in
a mediumw thout seruns or feeder cells. Exanple 4
Theansgldritartieont 1rﬁb&ﬂleﬁ55ﬁﬁdbﬁ$rdg@faﬂm€xﬂoﬁ@@mﬂehﬁs. As a result,
colonies obtained by the culture with 1 nM
ad3 @ hidterstwerst prgriucdb frven el 00 tranepiphtedleatbriesc ahdesls many
above were further subcultured tw ce, and the

r essuBOdttterseblisvivied ¢hireg scteqd omtrmre ledterthisth, of which the 17
bl astocyst to conplete the 33 5 10 15 20

t ristitexs werathe chinesia micpsbatiiyadegm 8BS call usomtuitertisn ratio of
As aresult, 33 litters were produced from 100
trensdp oarmetr immigwof their heimenlgr. aAngmg the dslitters, 14
survived three weeks or nore after birth, of which the
17itters peg ferpales Winishcphawed sorrelled fimalp distortios”cend the

contrlb tion ratio of 70 %or nobre in view of their
i5g sheweg thecontrihytien @f the ES cellarte tbleegerm cell line.

whi ch sh called "mal e distortion"
18. %P@%Fr@éegmgﬂé&ﬁﬁwl%m comditions éqrsctmbecﬂz@erem should
e._germ.ce ne. This degonstrated that
tﬁée SubfiPat c8 Reifhe BRUCHold R SS Relfoul o b
sufficient to retain the pluripotency of ES cells.
Exarrpl e 5 Thirty enbryos at bl astocyst stage of 3.5

renoved from C57BL/ 6 i nbred nobuse
st ’ga‘%‘?qegﬁd the i nner cell masses i sol at ed fromthe

orbryos. eyt TGRS LRE RNl S o 0 51R 88

Urlinoved from C57BL/6 inbred mouse strains, and the inner cell
masses isolated from the embryos by immunosurgery were individually
incubated in the culture medium consisting of CCMM, (1) 1 x 103U/ml
LIF, (3) 0.1 ptM 2-ME, 0.1 mM non-essential amino acids, 1mM sodium
pyruvate, (5) 10% (v/v) KSR, and (6) 10 pM ACTH on a plate coated
with fibronectin. This resulted in the initiation of the proliferations of
at least two inner cells, which finally established ES cell lines. This
demonstrated that the present culture process should be useful in not
only the culture of the established ES cells, but also in the

establishment of fresh ES cell lines.
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LIF, (3) 0.1 pM2-Mg, 0.1 nM non-essential am no

acids, 1nmM sodium pyruvate, (5) 10% (v/v) KSR, and

(6) 10 pM ACTH on a plate coated wth fibronectin.

This resulted in the initiatiog4of the proliferations

of at least two inner cells, which finally

established ES cell lines. This denonstrated that the
present culture process should be useful in not only
the culture of the established ES cells, but also in

the establishment of frestCEAdaeMISIines. 34 CLAIMS 5
10 15 20 25 1. A conposition for the culture of
pluripotent stemcells, which conprises at |east one

i nhi bitor of adenylate cyclase activity. 2. The

conposi t ilon AcomphisigondocIthemultumhef pluripbient stem cells,
corrgpsi tion is a nedium supplenent. 3. The conposition
ackbiah agmprisgsaahienspone, inkibiter of tadenytatepoilasoactivity .
to proliferate pluripotent stemcells while

mai nt ai ni2ag Theheormuldsition ancouditig teckim as whegein the

4. The conposition _according to any one of clainms 1 to
3,compepiion ima mediwniBipREmeRriyl ate cycl ase

activity is ’lfl’fl ected fromthe _group consistin

s@2536 (o- Therempagition acerading taakrimna)or %,gwgerein the
g'ﬁﬁéé?ﬁﬁﬁﬁ%ﬂﬁg@%&%@ﬁﬁ%&@ﬁ%@& cells while maintaining
1808 B SRSk ER AL RSNt v ) azacycl ot 11 dec-
o022 e Son il COMRCSL LoD, RECOr SN0 o0y 00 o
AR FRTR 7 T SRR R RIS gl from the
brg‘}io'ﬂlp consisting of SQ22536 (9-(tetrahydro-2-furanyl)adenine), 2°,5'-
dideoxyadenosine, 9-cyclopentyladenine, 2’,5’-dideoxyadenosine 3’-
diphosphate, 2’,5’-dideoxyadenosine 3’-monophosphate, and MDL-
12,330A (cis-N-(2-phenylcyclopentyl)jazacyclotridec-1-en-2-amine).

5. The composition according to any one of claims 1 to 3,
wherein the inhibitor of adenylate cyclase activity is selected from the
group consisting of adrenocorticotropic hormone (ACTH), brain
natriuretic peptide (BNP), pituitary adenylate cyclase activating
polypeptide (PACAP), and a peptide having a physiological activity
substantially similar to them.

6. A medium for the culture of pluripotent stem cells, which
comprises the composition according to any one of claims 1 to 5.

7. The medium accordirig to claim 6, wherein the medium is

free of a feeder cell, and/or serum.

8. The medium according to claim 6, wherein the medium is
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natriuretic peptide (BNP), pituitary adenyl ate cycl ase
activating polypeptide (PACAP), and a peptide having
a physiological activity substantially simlar to
them 6. A nediumfor the cult@se of pluripotent stem
cells, which conprises the conposition according to
any one of clains 1 to 5. 7. The nedi um according to
claim6, wherein the mediumis free of a feeder cell
and/ or serum 8. The nmedi um according to claim 6,

whigeeiofl Hoth feederigell angbserdd. 15 20 25 free of both
feeder cell and serum 9. The nedium according to any

one of cl%i MBhé neditum wleebeding tdanfashal6f tims® tbBMvherein
medi um for cell culture. 10. The nedium according to

artheomeditint isanmiinhonOmedihen éomcelh euditdieum

conprises further a differentiation inhibitory

factor, aGerThe megpdizaremecbrding tmaagtimxofialatimsla tof),

process for the culture of pluripotent stemcells,

whvbareipoihs masiusucompnises hisrtheuri giffeeentiatiom indlibitory

under a condition such that adenylate cyclase

aderten p perummaplaeementagdpancestéoxidaoti ng t he

pluripotent stemcells to proliferate or establish _

whi | e mailik-ai Aipygeesreforcidia suithre of puriposerhstemells, which

state. 12. Cgﬂe process according to claim1l, wherein

t ROTEBRgEsi YHtULngH heRluriRptent stemcselinvadgea eorgitien such

i nhi bited involves the use of an . inhibjtor of )

ao‘&é&%ﬁ‘@y&%ﬁf c¥elage activty isjinhibitedppaicbprocassalipwing the

toclaiml r 12, erein the cultyre progcess iis . .

oRPSTRAETE S (41 TR oHieaR PG PR RIS aintaining the
cells in an undifferentiated state. ‘

12. The process according to claim 11, wherein the condition
such that adenylate cyclase activity is inhibited involves the use of an
inhibitor of adenylate cyclase activity.

13. The process according to claim 11 or 12, wherein the
culture process is performed using the medium according to any one of
claims 6 to 10.

14. The process according to claim 11 or 13, wherein the
pluripotent stem cells are ES cells.

15. The process according to claim 11 or 13, wherein the
pluripotent stem cells are derived from a mammal.

16. The process according to claim 11 or 13, wherein the
pluripotent stem cells are derived from a human.

17. A process for the preparation of a clonal population of
undifferentiated pluripotent stem cells, which comprises culturing the

undifferentiated pluripotent stem cells under a condition such that
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clainms 6 to 10. 14. The process according to claim 11
or 13, wherein the pluripotent stemcells are ES
cells. 15. The process according to claim 1l or 13,
wherein the pluripotent stemgeglls are derived froma
mammal . 16. The process according to claim1l or 13,
wherein the pluripotent stemcells are derived froma
human. 17. A process for the preparation of a clonal
popul ati on of undifferentiated pluripotent stem
ceddenylate chclasepriotiésy Buinhibited. t he undifferenti ated
pluri potent stemcells under a condition such that 36

adenyl at d &y A gsecesd fori the pseparitivr efla clénalPpepatasén of
for the preparation of a clonal popul ation of
unadifferentiasec lptipotqot stem setls) edlich, coshpriBes isolating
conprises isolating undifferentiated pluripotent stem
camndifferentiated yplugipboetyt stemd celistfuoimg lvingdody, and culturing
undi fferentiated pluripotent stemcells under a
c dhei undiffergotiated plusipetsh tsternyadlssendet avidanditien such that
inhibited. 19. The process according to claim 17 or
1qdempdatg avelnse acsiviit isomhdbithdt hat adenyl ate cycl ase
activity is inhibited involves the use of an _
i nhi bi t ol %f HfeRyPRSS 2sarding sewlaim\l7 op 189 whingin the
pr ocess. accordi{lg to an&gne of clains 17 to 19,
witondiHopreely (that adgpylats cyclasrepetivitids imhihitadhinvolves the
medi um. accot dj n o any_one of clains, 6 to 10. 21.
TS PheBIERShREr of AGePYIRIR SIS ACBF Y s 17 1o 20,
wherein e uri potent stemcell is cultured to
provi de g%cl glh}ﬂ pPQ@Sgo?,QHOg 1158 t%@r’cyh%nﬁéﬂlfl UmS 1774019,
process cording to any one qf clains 17.to 21, .
R Erein JBE ulsiieh prafih Babedommed Ring W mieding: according
i ol di cbkaim7 or 8 to provide a clonal
ggcgu#g% ?glﬁ %ﬁ?&l?ﬁg&éﬁem §6| n which the pluripotent

\?\L?g’hcel bs. arﬁqéﬁ?g@é%saécc%rh%‘gﬁo %?{?b}lg otflg?zﬂr}lsh ?t7 to 20,
wherein one pluripotent stem cell is cultured to provide a clonal
population of the cells.

22. The process according to any one of claims 17 to 21,
wherein pluripotent stem cells are cultured in the medium according to
claim 7 or 8 to provide a clonal population of the cells, in which the
pluripotent stem cells are seeded at a lower density than that which
allows adjacent pluripotent stem cells to interact with each other, so as
to induce the proliferation of undifferentiated pluripotent stem cells.

23. The process according to any one of claims 17 to 22,
wherein one pluripotent stem cell is cultured in the medium according
to claim 7 or 8 to provide a clonal population of the cells.

24. The process according to any one of claims 17 to 23,

wherein the pluripotent stem cells are ES cells.
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20 all ows adj acent pluripotent stemcells to interact
wWith each other, so as to induce the proliferation of
undi fferentiated pluripotent stemcells. 23. The
process according to any one ofgclainms 17 to 22,
wherein one pluripotent stemcell is cultured in the
medi um according to claim7 or 8 to provide a clona
popul ation of the cells. 25 24. The process accordi ng
to any one of claims 17 to 23, wherein the

pl uri pot @8. STREWIBLESs Abordingqb! Sny %ﬁe%fi'éia&ﬁs%% to 24,
The process according to any one of clains 17

wheheréint tiee plurippairanitest eslls art YR dfbhy a%%lhsmaq
manmal . 26. The process according to any one of clains

17 to 2526.WEheiprotéss ptedrdingadtarsy emest d1&imE 47 to 25,
derived froma human. 27. A clonal popul ation of

umsthefeinetitd phedpeterrti gtetreotlls beend erdlddsfrowh ahuinsin.

obt ai nabl e by the process according to any one of

claims 27.t A2fonaBpopiativin afi vuindifferdrtiatet! pligipdtene stem

cyclase activity, for culturing pluripotent stem

cetells, wrnich. iseobtaanablegby ltbe grokess acaording to any one of claims

undi fferentiated state to proliferate or establish the
unti t®@ &€entiated cells. 29. Use of a conposition

corrprl Si n%f an inhibitor of adenylate cyclase

act i vi ty 28 orUselof @ty indhipitor iof idemylateenydese sctilrityye for

tainin the cells in an undifferentiated state to
prCB—F Padng: Rlusipisns fteahceli wihile mraintsining sbe ceilssn an

undifferentiated state to proliferate or establish the undifferentiated
cells.

29. Use of a composition comprising an inhibitor of adenylate
cyclase activity, for culturing pluripotent stem cells while maintaining
the cells in an undifferentiated state to proliferate or establish the

undifferentiated cells.



