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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, mesdderm, 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 épplication.

- 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



10

15

20

25

di fferent genomes are produced. Chineric ani nal s that
have germ cells derived fromthe ES cells genetically
mani pul ated may be bred with each other to create
ani mal individuals with a mani pul ated gene. Thus, ES
cells are widely utilized to préduce transgenic _
ani mal s 5 including knockout mce wherein the function
of a certain gene is altered. On the other hand, the
techni cal approach to induce the differentiation of

e g.certain differentiated .
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beells2Q frsvitie YiiferditdatdiecsRs WHoKeL] llri Beliifdddiantation
dependi ng on production lot. Accor

r ehatampeg itdsssd te@rnhapmsma@tﬁoéﬁfwds%ﬁl tie medical field
prgparlg%l ve scr%gm ng, which demands a | arge afrount. oF

| abduturs anot her culture approach, ES cells are
seeded and cultured in a nedi umthat conprises, as

feeder céisldgsqriberhnpors) thit @pprbadh OWAPEFLe or establish ES
fibroblasts inactivated to inhibit the proliferation

oceBywhilelretaining tthesr phpipatincyt (raeffémitﬁu@ﬁlﬂo%eﬁ&?) without

urc]lgf?érsetnot?gtntw.g I'Ia?sr g]egn rllaetvgk;(pgd in which the culture medium used
for the culture of ES cells usually comprises a serum, ihcluding
specifically a fetal calf serum (FCS), a hor_ée serum, or goat serum.
Serums suppress the differentiation of ES cellé, 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
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for ES cell attachment, as well as to suppress the ES
cell differentiation, and to release various |iquid
factors that pronote the ES cell proliferation. Since
| eukem a inhibitory factor (LIF), which 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 fromvarious
animal s, a conbination with a serum a feeder cell
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camimdlsNg corhBirddtiGR Wit & 8eka | USiRBeP'delBLYd LIF are
cultures of nouse enbryonic fibroblasts as feeder
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used therein may be necessarily the source of
pahkogeontdsinbani LAt pesteitostitEbe addan$o 288 Rith 0 ¥aining
human cells co-cul tured w th heterol ogous cells _

s oediirbetor aginde £ Siseie hotr fesier delidind¥bertltht manner on a |
reci pi ents undergoi ng 20 such transplantation are

f @ebatintopalted plate (@StRdtehed i, aGd5066Fes accor di ng

‘to the draft. guideline of the U S. Food and Drug

Adni ni st Haeiafra senaer ot heeedec valiteanskown Abbse causes major
apparent |y desirabl e that pluripotent stemcells such
aPrebleesifar the penlisadiomobdiffersingidtadoells debved dfagyhuman
angd. i n nedi cal applications should be isolated and

cu%rdst GFRY tﬁﬁﬁgtranﬁ@éﬁraﬁﬂmgl@famat Hdpecifitalin Auman ES cells

t erql ogous anpi mal and of 4 . L
h ave beeh usually cultured in a medium containing a fetal calf serum

using primary cultures of mouse embryonic fibroblasts as feeder cells,
and such heterologous biologicaJ 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 éircumstances
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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het erol ogous cells, specifically a nediumwhich. is
free of a feeder cell and a serum which can be
artificially prepared, and which conprises the known
ingredients. In response to the,demand, many studies
have been conducted 5 and propgsed. Representative
study includes a culture technique wherein a |arge
anount of the reconbinant LIF protein is added to a
serumcontaining nediumto culture ES cells in a
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serum Howeve even | e ne
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stead of a 15 serum 1s supp
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i npossible to stably culture I'n

cedeh'uhn@eneﬂﬂﬁ\f/}% mReAngh ) cal@featskeirated f@éf@éreced-”

ot her words, en cultured using a serum replacenent

i independeht marnEMoACS @ell ti8-ddhtEASHIGR0 YERIPARAL No.
manne?, the feeder cell Eg:’endependent epES % ce%%s have

ndi, 166gibBjapdhhrthet, hejulgurs ehddieratie conbSoiAbstahetblis
on a gelatin-coated plate under a condition that the

celomprsmSaatdthed repldcemssntdensidad of Redesuns Has been
demand to proliferate ES cells even under a condition

t irrepeaed ¢dapsnease PateneBuddlicationicolesnid. 2G0T -50832)
establ i shnent and the genetic engineering of ES cell S,
bithichealipaie culinrpthe eelatinstheeprdnertdecofafepdonchs in a
as_shown abov?. 5 ) i .
medium free of serum. However, even if the medium comprising
known ingredients which comprises a defined replacement in stead of a
serum, is supplemenfed 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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bISCLCSURE 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
stem5 cells in a nmedi um which %ﬁn be artificially
prepared, and which conprises e known ingredients
wi thout feeder cell and serum which process fpr t he
cul ture has not been previously believed inpossible.
The present inventors conducted enornous research for
solving the problemas mentioned above, and, as a

result, found the solution of 10 }he pgoblgn1that

| ¥ t cul tured under a
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or establish the pluripotent stemcells that reta

their di fTitey prédeatt i@aﬁ'eﬁ@éﬁ‘@Mn%%t‘é&'%ng}lfrfcﬁfsepéée%&kggfbr solving
even in the absence 20 of feeder cells or serumin the

cuheuwmbleni ammaationed, albbee, EELAL al FRLRIE i%'lhlr{cptﬁ‘e sfolution of
mai N aspect provides a conposition for the culture o

plthei prstdem shanphetibsternths ein celiBrdR88 bakul®AeH QA8er a
i nhi bitor of an adenyl ate cycl ase activity. In another

a itionHdhatreve midearylpteony clase actRaliyi® fibited to proliferate or
culture of pluripotent 25 stemcells, which conprises

s &S lbah dhetplomipatent sefruce e whaspetdintaidiag the cells in an

i nvention provides a grocess for the_pulture_of ) .

o IsTentiased state, dBErebmacchmplimingeheupicwgradndention.

medium |n the still further aspect, .

pical 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 édenylate 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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the invention provides an undifferentiated pluripotent
stemcell proliferated or established, which is .
cultured in said medium Those and other aspects wl|
be apparent fromthe detailed description 5
hereinafter for those skilled i® the art. In an
aspect, the invention provides a conposition for the
cul ture of pluripotent stemcells, which conprises at
| east one inhibitor of an adenylate cyclase activity.

- The conpaqsjtion of the_ invention may be a nedium
SHAHED

supp CPERPESED dINR siridfmedBimny dntthenstill ftwtHer aspect,
liferate pluripotent stemcells while maintaining
t hRG o RROvigREi 4% abditieaeatiatachpiripptaet sisig cell

A | Weliviihey |
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whi ch conprises any one o conposi

dessdiftadnabeye stdieef qﬁ@@éﬂabl%%@ﬁ%#ﬁglrdzs?if éﬁt%f]cgénﬁate cyclase

feeder cell, and/or a serum re pre abl'y

meatitivity s §eleeterf froPn hblehgdRgs @6n§ﬁun%a<:9fi§q~2"25@6 [be

medi um nay be a mni num nedium for cell culture, and
me(je trahydre-@-furtrhydyaderdin) ep o5t d lcb@patiBhbBirdQry. 7

factor, a serumreplacenent and an anti oxi dant.
cyclopentyladenine, 2’,5’-dideoxyadenosine 3’-diphosphate, 27,5
dideoxyadenosine 3’-monophosphate, and MDL-12,330A (cis-N-(2-
phenylcyclopentyl)azacyclotridec—1—e'n-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 comprisés 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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In a further aspect, the invention provides a process
for the culture of pluripotent stemcells, which
conprises culturing the pluripotent stemcells under
a condition that an adenylate cyclase 5 activity is
inhibited, said process allowind to proliferate or
establish the pluripotent stemcells while
mai ntaining the cells in an undifferentiated state.
Preferably, the condition trat anhadenylaﬁe cycl ase

| ¥ity. 1is_inhibited involves the use of an
niaPter SErurirlaksmart cye s antiesiaenty . The
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t hierhibitefifiekBReisatROuBL Wi AP SRbi it &ldeh ey @ase
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condition that an adenylate cyclase _

| g thiited. Thecilire pRecdsyvanly O 6:@:5—%&@& ik HEMedium as
for the preparation of a clonal population o
undéddrésexhtibated pl uripotent stem cells, which

conprises isolating undifferentiated pluripotent stem

cel I's 25 Ihrtbw @ultuve pyobesy acaselieigl tofid thidiftion, the

undi fferentiated pluripotent stem cells under a

c didfiripasant issemacelisleny lpatferajpty &ecelts.i VIhy glaripotent stem
inhibited. . 8 Preferably, the condition that an

adEh By oy deaivedafrony atmansmialhi Ateepluripotent stem cells may

be derived from a human.

The invention 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 inventioh 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 undifferéntiated pluripotent stem

cells under a condition that an adenylate cyclase activity is inhibited.
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i nvol ves the use of an inhibitor of an adenyl ate
cyclase activity. The culture step of the process may
be perforned using the mediumas described above. 5
Preferably, the process for the preparation is _
characterized in that one plurﬁgotent stemcell is
cultured to provide a clonal population of the cells.
Al ternatively, the process for the preparation is
characterized in that pluripotent stemcells are

t d jn the nedium as described above to provide
;uk’ f %ﬁ?gﬁbb’o &%’Fa‘iq ltlffl that %@Mfglyl?twj(%az%@(ﬁtggytl; inhibited
| Qot temcells are seeded at a 'y
iy BRe Phniisk oL o ThdpRotar promviset exclaseanstiviy. The
cel to interact with each qther so as. to induce the
pr S{Jfﬁllé' Py e?ﬁﬁﬁoﬁff%% ﬁPFX&@dPEF%’F msst Bing thenmedium as

ce . [ that pluripotent stemcells are cultured
inh%%gjﬁegfﬁﬁvgs descri bed above to provide a clona

[ [ [ igh the 15 pluripotent ,
Do cel rfS, G5 g%wée%‘%i“o‘érh%prépmtfﬂrgﬁfh@%emed in
i ' t h ition.tha i
g ShE B ERteR! it g%ﬁa%é’?%arrotv  esloul gopulation
' b ' fer . _the process
FSrRCERIE KRS SES, M ShrorBi I B frgbIEaERSe

pl thaPRte P8R MBS c}uiélﬁp&gbté%gg 1 l:@ll% Q_tg%ge ti(,ﬁjrirgg]%sno@e medium

descri bed above to oVl ona

t hgs eestaibelinabiie & Besvitlel 2LidA\G @ég%?arctgﬁ g?gﬁé cells, in which

descri bed above, the  pluripotent

prefepiltipotenicslehs celld %rel_rétgeeidélﬁt &0 18%%?‘@%@1&5 te}ll?%lsl that which

be derived froma mammal . pluri potent stem’c

megllowe aiatyet pluibpbeertd@m 27sTsiHtBME AR d@é&? other so as

provides clonal population of “undifferentiate
p! teripghaenthe peaiifeehtive whineliffe feroha RIBRISp St et cells, or in

process for the preparation as descri bed above.
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 populatién 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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In the still further aspect, the invention provides a
use of an inhibitor of an adenyl ate cyclase activity
or a conposition conprising an inhibitor of an
adenyl ate cyclase activity, for culturing pluripotent
5 stemcells while nmaintaining the cells in an _
undi fferentiated state to proliferate or establish
the undifferentiated cells. The present inventions
make it possible to proliferate or establish

¢ Rt s PR EBE, FE A S6T By APo e med am
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herein, the term "pluripotency' 0 an

t cestdblisbrentifdrenitited Piifasarbi ates &glé tkgé{tpleéta}('&‘?itﬁgir multi-
n en an

belong to all of ectoderm ‘nesoderm a oderm

andifferentiption pbidrisyeitt hahediviPcofifdghgtheat88wseideredients
types, each of which belongs to at l['east "one of 25 .

edreelef feed ereselite aidagehend odaha pAigdlehit tstedOcells tproliferated
differentiate into germcells is also included in the

t ermesthblishivel trensnobphinedpate fiteesar@inhsiatior il pathogen
to self-replicating stemcells that have an ability'to
diffremy seruzseor faededicelley emtd aveid tied Fedtyieesd ciranhseinces due

whi ch belongs to at | east one of ectoderm nesoderm
arf@ the co-culture with heterologous cells.

BRIEF DESCRIPTION OF DRAWINGS
Fig 1 depicts a photograph. showirig 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
| differentiafed 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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endoderm (nul ti-differentiati on potency), and the stem
cells include ES 5 cells, EGcells, EC cells, MAP
cells, and APS cells. Representative stem cells,
enbryonic stemcells (ES cells), have a _

mul ti-differentiation potency,l@nd can differentiate
into diverse cells including germcells, when
injected into another blastocyst. The term"feeder
cells" refers to cells that have a netabolic 10

tivit i thout sel f-propagating, and that produce
\6/1 ;r : ousyrﬂfleclﬁgrlnt igur 9teR ks siemy ¢pll g3 rmeferisetioasdlbmsphating stem

ded the feeder cells (See Masani
vi STt BevEan apfiuitcaioeatinn sugniilotnemieg 567 types,

) ). F l e,
324 GO o b i, and
cofTa 4R fohd e Som it Revh bt stom) sl include BS
! - d L uri t_stem _
A L
i ! t e ndi ti on L
Fescr SRR enf Bl 5 ?ﬁtf%ipnﬁfgrﬁaﬁ’?g-gﬁeie; iation
Y8 n ' : :
ool aea bt IR & B HeCEly iRClusling germ cells,
ur\glhgﬁelhﬁ\égﬂeati@f{o%tﬁfeggg%t%&%lg condition, but they

will proliferate in a I"-i ndependent manner

when  repead eshy “Sitondy ddfe %f{@%"é&iéﬁ?@%ﬁ h8le W "Setabolic

culture of pluripotent stemcells as

acoaidtyngitieotiNSe BISeRRlgat e r%‘rﬂ‘IpCP _@Igégf g{gﬁggggly?{oiuzserdnetabolites

in that 25 the conpositions conpri one

i rtbi dsdist tieé prolifdemvnd! 6f SHEra&Als é‘%épéﬁt gxétxr,%g@%@tc%us (See

cyclase is an enzyne which converts

abamiAMRraneas upt ayE, 4B AsRNISboski BusslhUIAEN” p367,
gid\gnal transduction. The activity of the gﬁzyms 'S

LR KA PP OO ST EEE A, B
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 pluripote_nt 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—independeht 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 adénylate cyclase

activity. Adenylate cyclase is an enzyme which converts ATP to cAMP
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functions as an intracellular second nessenger. A

total of 10 5 adenylate cyclases have been reported to
exi st in mammal s such as human, nouse, rat, bovine,

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

Mol ecul ar bi ol ogi cal approacheslio unravel adenylyl

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

2001). The genes of the nine enzynes anong them were

i sol ated in human, whereas the genes 1? o; t he Tlred

wer e i.sol d in mce. The sequences of the isolate '
ge [Fé@lhc a‘}'@tpioﬁg- rRieysreeerER fpleinnglinlamsigra dramsdection.
molecul es-are . essential in basal vital phenomenon

i ntﬁﬁcﬁ 19ePf the sheverais mewlsted anainly twis Grairoesinngoupled
that the functions of adenylate cyclases in ' _

pl 15§ &?’éﬁqf’y VAT @P‘F%acs%lax sienass angethe pAMR peoduced

i. bi f d | at | ase
acTtfons s, AL iRHRCERRir 53 2%6%‘@%%‘3 el 0ig
' di to.thi resen
PR Ot R B been JebR o it mipsemAlp gruch as

20Ruphd ARE1AAS, B '%%Lm‘oiaf‘”fd i%%ggt@%?%%%pié’fﬁz | TB et
i Vi : rs jnclu

SOt SRS R ol RSP L
; B by tel / acti Vi 0

L S U LR, e o0 1 3.0, 2P0 o ThirgehesCof the

adeimd @hBras! aﬁﬁ%n%cttH&\f%Wereaigglft%%]nﬁf P&‘f%h%{}c%"u I ngg The genes

on a nol écul e that "ne tes a signa
bedi@eNfive MRGRMALBIatBAdnaiAde ”Yh@ts\%g@%’ G A% igglated genes

al so used. 25 In order to exam ne eher or not

A St AT 0 S RO )
a esslentiad indsh sah ﬂfalcplhéﬁoﬂe@forﬁmd@ng%eﬁeél;o?i?f%{/ée{?&? control,

proliferated or established, and an inhibito

ofthaysVpeliewogcttiainthd fumdtéskedf adenylate cyclases in pluripotent
stem cells are also conserved in these mammals. |

Inhibitors of an adenylate cyclase activity as used in the

composiﬁons for the culture of pluripotenf stem cells according to the
present invention may function at each stage of extracellular and
intracellular signal transduction system's so long as they result in the
inhibition of adenyléte 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
agenté that dil_'ectly inhibit an adenylate cyclase activity, and agents
that function on a molecule that mediates a signal transduction
betWeen a receﬁtbr 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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Exanpl es of agents that directly inhibit an adenyl ate
cyclase 5 activity include SQ22536

(9- (tetrahydro-2-furanyl)adenine), 2',5-

di deoxyadenosi ne, 9-cycl opentyl adeni ne, 2',

5' - di deoxyadenosi ne 3' - di phosphdt e,

2', 5" -di deoxyadenosi ne 3' -nonophosphate, MDL-12, 330A

(ci s-N-(2-phenyl cycl opentyl )azacycl otri dec-1-en-2-anin

e), and a simlar conpound, all of which arel{eagily
' ' h - of f d 10 commercial ly by
CAEHE R RREF CRbEE opéﬁ?biﬁer(femexeeaphef’@imeﬂ,s) tishe
I.ke. . of th unds nmay be ‘
LR e A Fp A R S —

co .45 used. In case of SQ2536, for exanple,
thlgpﬁr%%ed(:oncent ration in a nediumare not '

i en |
15 n & ek PIEh bERee 1Y O Biiek o SoRiB e Auenyiate cyclase

. | f ts .,
e el R AR Rl e e -

i . en . ,
o e, RO R R SR Posine

i > Bi i > C as
SSP AR oo el PR SR, v 12,020
A SR 1S AN SRS AEI L e R U, B % it

peg@rhgeunid)alll 6PWNiER e %aﬂ%%?é%sﬁﬂgg %S%%g "Sttdted

one or nore amno acid resid e am no

s eginfce cEpByaUARBIOUHEREN O YRBISC REM EORPB¥ATION
and PACAP a?g gel eted, substitute and?or added, "and

t Herlifemia, WIB/A) oF €8k tille. AR BIIE &U@fds%%drﬂbbﬁnds Joay be

simlar to the 13 corresponding full-1length” pepti

Fatetexanmt e apgsoprisd€iHie panhdirsg oa0wbasednalof30camptund is
acid residues (ACTH (1-39)), it has been known that

t heseghi o eesalof BR225deibrfesamble, e Bnal Boscdntratidh in a

Sr}gggh.llrrr; are not specifically limited, and usually SQ22536 may be used
in a final concentration from 1 pM to 10 mM, preferably 10 uM to 1
mM. '

Other examples of agents that inhibit the adenylate cyc.lase |
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 seqﬁence wherein one or rﬁore 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 sim_ila} to the
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various animals, whereas the anmino acids positioned
from25 to 33 5 vary depending on particul ar ani mal s,
and that the amino acids positioned fromthe
N-termnus 1 to 18 exerts adrenocorticotropic

actions, and therefore, in addit$on to ACTH (1-39),
its fragments, ACTH °(1-24), ACTH (11-24), or ‘the like
may be used according to the invention. Those

pepti des nmay be usually used in a final 10

o referably 1 to 10
concent rat| OWT%&M to, 1l ﬁ«t'\éra&q%rﬂgmé\@ﬁ that is

arégﬂrgl%%% gd%gl nli ter ur eaPFS?AQ&EHSé’S} Eg%been known
g‘gég)éh%r&g)me égl})o& %ﬁgd géxrlgqecglrﬁégp%g&s} 3 t(2)8274 share in
ac‘?%¢1§‘?%eﬂl@%ﬁé‘%‘*ﬁ%ﬁiﬁ%é@?ﬁ%g&wﬁmﬁw{’%{ E"Pé% 25 to 33
accor di
F%'?“%Eénﬁ%%@&é?ﬁ@algﬁ%g?%&%f w3 B3 Shoddrtagacts
anh S tideled Sﬂ‘y?ﬁgq\l télq{l AN9SES Lﬁlx\?aggl naté%g??%rtmotroplc

Al'ternatively, ey nay be Prepar

engiti6res | N9 RHRFERYE S WhRESHA tB ACTE 381 sdgr%ntzgﬁts ACTH

peptide 20 is inserted into a ho cel

coll-24pnelcThen 1-be) P@PEhE’%ke%%é/eéé%% ebiSa éc%?J ‘Eo?

purified. A conposition of th resent inven

campenhsiond SIH@eepeptileRirhay wf u§ﬁaﬁ?q{§dé‘fﬁ a ﬂx?:lilas ©

activity, and may conprise any conbination of

nrandenitratibarsont 1aMagenpOILH, ﬁ@f&éﬁl@qtﬂoviéXlM.zs
According to the invention, specifical

conposi t iAGhof AITH SBINP, tRRCA®, o5%T & f eﬁrﬂ%er f are described
conposi tion conprising two or nore pep i des,

canplitsraturescengn iasi UG BatdntaNe ofj08)8480 éral K%Qh't&’ﬁmo Imahori
may be wused, and alternatively, a conposition

caitali &ﬂ@m Wites (3. pippdrl 7& to an7ademy 1e;teﬁ1&p@2wto 287
activity may be al so. used.
(1998), Tokyo Kagaku Dojin, or are commercially available as reagents,

2

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 co.mprise any
combination of two or more inhibitors_ of an adenylate cyclase activity.
According to the invention, specifically, a composition comprisihg two

Or more compounds, a composition comprising two or more peptides,
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The invention of the present application provides a
mediumfor 5 the culture of pluripotent stemcells,
which is added with a. conposition described above.
The conposition may be used as an alternative to
liquid factors derived fromfeedér cells or seruns.
Al t hough the existence of feeder cells or seruns in a
cul ture nmedi um does not bring about any obstacle to
the culture of pluripotent stemcells, the culture 10
um wi t hout, feeder cells and/or serums is

é‘F’é{n atﬂoﬁqﬂ%?éélona@@nmlﬁgpb@fﬂ‘eammpouhd audtajpeptlde may be

rredl umwth neither cells nor serumis used, since

exiVsten fadntlteatively e py %Omp%énmompzasmg aLﬂlﬁgle inhibitor of

di um, necessarjly acconpani es contan nation with
g‘:\@}ﬁ’g@@ﬁn %ﬁé‘? 83"?]61@%1‘ Wlntyﬁ’éa}'é@tﬁﬂﬁ@twcbl rcumst ances.
due to th,F het er ol.ogous .cells:. 15.1n other words, a
pr ef err ed! REFRYFRUARH trheopr?f’rf‘@tp%@é?ﬁtlommr@mdmalmedlum for

6 (LG AT P Sl v Bl %&f%%%gﬁhma composition
i bitor
fagt%%?ﬁbga ro&a;:sg}eze%#féféﬁaa a;;a\at 3 e
asl 1% TREHQ A ALY £ der I 8{ SERUBIS -t h@lt sgbnthe
?f‘;ﬁfhttléf; ac(:)l eee aﬁé Fgﬁ?iltor?ﬁf an 1glden ée El;) | ase
acti vl ty?e wﬁ e Gl SETepsL cul Lf“éee\é'ﬁ?b t °£r$dn°t bring
tiop inhj o
SRt LoD ULARL BT DA!EY, tne cutcure
ay
COmRAEL 31t R IRl BB BBl e, and
t heileOpRfdrabily [ e ﬂ@ﬁﬁé%‘éﬂﬁﬁ&ﬁ?ﬁ%}?%ei&& cells Pogﬁerum is

i ngr edl ents can avoi d unknown pat cont am na

duastd, Ehﬁeuﬁ&sﬂs%ceoéf e R@Mis Sorf §é}rﬁrhc\éw %Smedium

The term ‘cell culture m ni mum nmedi um
a nacessailyessentpahigechniarmpificn R@tﬁ'}yaﬂl‘ﬁ)@eﬁniﬁé}@hom and

makes it possible
the restricted circumstances due to the heterologous cells.

In other words, a prefefred culture medium of the present
invention is a culturé medium comprising 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 artificiaily

prepared, and therefore a culture medium composed of those

ingredients can avoid unknown pathogen contamination due to the use
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‘M nimal essential Medium (GVEM, |scove's.

to proliferate pluripotent stemcells while

mai ntaining the cells in an 5 undifferentiated state,
when added thereto with a differentiation inhibitory
factor, a serumreplacenent, an antioxidant, and a
conposi tion of the present invepgion. CCMWM usually
conpri ses a conmon inorganic salt such as zinc, iron,
magnesi um cal cium and potassium a vitamn, glucose,
a 10 buffer system an essential amino acid, and the
i ke. Exanples of CCWM i nclude Dul becco's Mdified

Eagl eompedintf{EMEIWindVboiE  essential Medi um
(MEM, Basal Medium Eagle (BME), RPM 1640, F-10,

F-12, a N satme&ssiniulahrdVRginimaMeMiug ﬁ%&%’}(/lg’dused as a
P fi

Duirinioal ssdédiiamneliinefrefdrswal £fty maydien a8BREh&kaEL kY possible
avail abl e. Most preferred CCMMis GVEM having the
cotppsolifeoate dhaipoteett stenTablle vhild ahhithinitg @ 881§ in an
concentrations (ng/ L) CaCl2 (anhydrous) 200.00 Fe
( N gfentiaded GtakCiwhen. Hddedybede toanhhck dierehtifiion
NaCl 6400.00 NaHCO8 2750.00 NaH2PO4 H20 107. 80
D-ighibitesy 430@rpe ssumhrepbdcemdnt taf@intioxddginn asdHO
42.00

composition of the present invention.

CCMM usually comprises a common inorganic salt such as
zinc, iron, magnesium, calcium, and potassium, a vitamin, glucose, a
buffer system, an essential amino acid, and the like. Examples of
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)
CaCl> (anhydrous) ” 200.00

Fe (NO3z)s 9H20 0.10

KClI 400.00

MgSO4 (anhydrous) 97.67

NaCl 6400.00

NaHCOs3 2750.00

NaH2PO4 H20 107.80

D-glucose 4500.00




L-cysteine HCl1 31.29 L-glutam ne 292.00 L-histidine
HC1 H20 21.00 L-isoleucine 52.40 L-I|eucine 52.40
L-1ysine HQ 73.10 L-nethionine 15.00

L- phenyl al anine 33.00 L-threonine 47.60 L-tryptophan
8.00 L-tyrosine 2Na 2H20 52.19;L-valine 46.80

D- Cal ci um pant ot henic acid 2.00" "choline chloride 2.00
folic acid 2.00 i-inositol 3.60 niacinande 2.00
pyri doxal HCL 2.00 riboflavin 0.20 thiamn HC1 2.00
Preferably CCMM conprises 0. 1mM non-essential ami no

a“PhenObﬁgdlm\/l sodi um pyr uvhtlé.00lon- essent i al _am|no
atid—as—usedherein—ineludés—a pixture of L-al ani ne,.
Lt %aprﬁlgldﬁgdL asparatic ac 43 OQ 5 glutam c acid,
g mrerc?g%el-l\?r@[ai/giel a{tJJIIn;1 ;Ss Il\l/lr'1%((9)n\-,\lle]Is(ngnlt.ibaI am no
acl-agdusaiuneon 10 nM |i qui d| 26b0@dt rogen) . Sodi um
B g o T ¥
2

L-isoleucine 52.40

L-leucine 52.40

L-lysine HCI 73.10

L-methionine 15.00

L-phenylalanine : 33.00

L-threonine 47.60

L-tryptophan 8.00

L-tyrosine 2Na 2H,0 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 12.00

pyridoxal HCI 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, énd 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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a serumfree culture nmedium

pyruvate solution 100 mMIiquid (lnvitrogen), which is
commercially available. Adifferentiation inhibitory
factor is a liquid factor rel eased by a feeder cel
and a pluripotent stemcell, and_inhibits the
differentiation 5 of an undiffeléntiated cell
Representative differentiation inhibitory factor
include | eukema inhibitory factor (LIF). It is
preferred that differentiation inhibitory factors are

artificiall re d frqm ecopom c viewpoint, and in

vi B BFat st orb 10D N isgeid UokitEesem: PoHCHstpmmercially

WO Id.ig ol ve the isolation of the factors fromliving

bo%i‘"‘e‘%la yﬁﬂ ch 10 isolation is possible since the :

factors aje,.tnherent.ly .bioJ ogi cal A substances. In case

of a prot i%gggerbﬁl?’?g%elmlgﬁg&ﬁ?a?tﬁﬁilﬁiat ﬂylié%@f@r released by a
i.n of the

L R ——
i ' i ' [ f bl. d. .. . ...
5. REARCEPATGRALAER Y. Rttt é“?’fti?r@r&f%?n dphibitory
i : Qx .r.and_usual I,y
G e e R
of HeErfe&dneRATR firiHidoryaRdts d Yr@NAIRPL & pdre AT economic
Iy
repl acenent 1s a substance that suppor

pr oleviissiak] 8AdQh REW P& P S oE W e AdAGH, § On which
seI? um rep ar“%y

acenen

bewagingabelveude! RBERIGH o 2R AN Soff 1i'izﬁg$ bodies, which
subst ances, and specifically conprises one ‘nore”’ .

i ngodaliientis pdatblessisiek Qﬁ%@f%&&%&ﬁﬂ%&ﬁ%ﬁsﬂﬁbgﬁa‘?g

of an al bum n such as bovine serum.al bumn;” or a

al bubstanepl. adaneie 6US hraseindd AgfeRth HiatRY inhibitory factor
extracts, rice hydrol ysates, fetal cal f al bumn,"
ovalbhasnLIF) ereecambimant buotdin dichiendifefBaration inhibitory
extracts, and 25 Al buMAX | (Registered Trademark); an
amasgonthat supteparegl viei geetic ealghmiering ks pepfrablyeised.

_ L-cysteine, L-asparatic acid, L-glutamc acid, L 18

2-Mercaptoethanol, dithiothreitol, ascorbic acid, or the like
may be used as an antioxidant, and usﬁally 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 replacemént 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 hydrolysaté's, 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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phenyl al ani ne, L-histidine, L-isoleucine, L-lysine,
L-l euci ne, L- glutam ne, L-arginine, L-nethionine,
L- proline, L-hydroxyproline, L- serine, L-threonine,
L-trypt ophan, L-tyrosine, and L-valine; a vitam n;
transferrin or a transferrin repBacenent such as an
iron-chelating 5 agent including ethylene diam ne
tetra-acetic acid, ethylene glycol- bis((3-am noethyl
ether) -N NN ,N-tetra-acetic acid, deferoxam ne
mesyl at e, di mercaptopropanol, diethylenetriam ne
peRUSRYHIARIRR bt histidine r hrisoleuzing almlysings Lolemcine, L-
N, N -tetra-_ acetic acid, and an iron-chelated
Cco et BERIAGNE ek ringtirionine eLepraliates Lahgdrexypradine, L-
10_sul fate chel ate; an antioxidant such as reduced
gl SEBMA b TEARING JedFpRtaRanHadpresine sahd: Livadinle; m vitamin;
or_an i.nsulin replacenent such as a zinc-containing
coMSBTE A OF (1 %S%anc‘lﬂpéww?nﬁ SHEhmMs aatisonz¢helating
br gigf.aqd zinc sulfate; a. collagen precursor such
L-% St meludme graylene fiamineiriraacsti acide thylane glycol-
tr e nt..such a +,....15 Al3+, Bat+, Cd2+, Coe+,
u@gsﬁﬁééﬁg‘?"%@( ,ep%?rj,‘ﬁ N N Photetra-acehig aciggdefapppamine
N §+ +, 802+ d Zr4+. . exampl e .of the serum ]
r enfesyig, AR eaBinnation Gt s tripapiaiq pontandetic acid,
Publi i oy 6K ) 1-50 , 'a suppl emrent
For 2ot R PatRindie CRET B VR e eesiich e and an
copBasttdlg r; pl acepent. can be.

had e ol B ARG Rl ciitprecapd dhrrous

determ ned as approprrate in

Rephigsentidia¥e 88 rdi{f‘i&%@a]?ﬁ R ?S ?%raugﬁ% ?%r}lgﬁzilt@igpg and

commerci ally as Serum Repl acemnen

Ced dcdriva-2phokpriaté QAN anggﬁnr&ag{}liésﬁﬁ%i ! aqqég%lélnﬁ such as

2-ME, and KSR as described above nay be usua
adi lziﬁc&doht)aifnliﬂgboﬁ?@p@ﬁﬁﬁri@idl@ﬂﬁx%’fzirk ém{)}% %inc nitrate, zinc
vivy,

units/m, 1 to 1000 PM and 0.5 1o 90%

r dspenidesahy, zinoduifates badd]yaded hrétalrsd® such L-proline, L-
hydroxyproline, and ascorbic acid; and a trace element such as Ag-,
AI3*, Ba?*, Cd2*, Co2, Cré*, Ge®*, Se#, Br-, I, Mn2*, F-, Si4*, VS*, Mob.
Ni?, Rb*, Sn2*, and Zr++.

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 fo 10000 units/ml, 1 to 1000 uM,

and 0.5 to 90% (v/v), respectively, and preferably to final
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concentrations of 100 to 1000 units/nl, 10 to 100 pM
and 5 to 20% respectively, in a culture nmedium The
conposition of the present invention and those
ingredients may be added to a culture mediumin a
portion that provides the intend®d fina
concentrations, or two or nore 5 portions that totally
provi de the intended final concentrations. The pH of
the culture nedia is usually adjusted to 7.0 to 8. 2,

pr ef er ab| 9 with a bicarbonate. The

co%%%?’??%‘ﬁ’sorb?nﬂfoi P teut Qe @%I/@laé@cﬁoﬁl B9 1M, el 5 to 20%,
be in f f solution or a
8[55%% e”%é%@%%ﬁq“y%mﬁér@s&omm;i ohta present
00 whj ch be diluted as
ggg’f‘; ch Fat hg‘?%xﬁ‘ggeéc}%’txs{my éa@g@édﬁq atqugesy medium in a

'a¥1'1 el okl tmghelys bR Per G abare, ordwo or more
sa f’?ﬁ%&% AR RCH iR egép@ﬂiri%i"éf?nc'e%aéatmns The pH

cuPt R SRhes el b R ety adBRdagt ol R A Twtermety 7.3 0
st¢rg wlﬁgggﬁa%gﬁg any contam nation. The

sterilization S include ultraviolet irradiation,

: tion.
R R IS
r eppdJeitdnvéftioheida é’gh h?r'}ﬁyoftyoh%lﬁ npcgro ors{ll’flg rﬁ%rm The

the cul ture accordi t e presen |nven

CusdluftRMBHRbela Eaﬁcéﬁﬁ&%@éa%éigé F(Fﬁgplr@tur?o 1000x). which

preferably t'he media conprising e mni

megiaynbe SRTeETRNABPropLiAted ﬁék‘&'@ fhd ﬁ@bb' ﬁi%ds%}%llutmg or

an anti oxi dant a serum rep acenment and
ofdnslselmngsthretcompeﬁiticﬁﬂs BRtheectafe hRedia, 191% kA & §olut10n

pluripotent stemcells in a culture condition conmon
usedaidryihg farm. in2bade water, a buffered aqueous solution, .and a
physiological saline, and they may be readily selected as appropriate.
| Preferably, the compositions and the culture media according
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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Pluripotent stemcells include those derived from

di verse animals such as mamual s including a human, 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 reptlllgﬁ, and the cells
derived from5 the mammal s are usually used. Exanpl es
of pluripotent stemcells include ES cells, EG cells,
EC cells, APS cells, and MAP cells. Cells frequently

lls f 1 ce.. The nunber of pluripotent
ot om cel | EEOPHEREHLEEY BRI 4nABHd Frpecderisid TpBoinesse

TN R T TR

P Rl 8Bl BPHuRa, Bl BBk i aibr dogom horse, a
L T I
et eSO PR ES or co

" epR2LadInS SURSUEIGIELNG, BRCCLASTRESCRIS MUIEIAL NGNS, cells

culture condition w tﬂout any teeder <Cer

sefreglieAflyCeLe S atd &S BERL é’r&&enﬁ?&di Theh G s of Plyripotent

specified. Specific procedures of the process f

cUbtens @elf tBl be ERRLSBH isSiEMiRELS téac%@éiﬁg i thel the

present invention can be conducted in accordance

W pfodelse for aheduilasreaadc SR dist iPfse ﬁWF}R{H% g‘é%eéjn lbvantage

the art. For exanple, the procedures nay

defhextnibeepramss Wdrd pgodhee d E:Icﬁfétdé'lle?oﬁﬁfélitﬂ? b%f&iferating
Nakatsuji ed., the Jikken |gaku supplenentary vol une,
Pasud eydturng hirdeplurdpdidikestdfawes]. 4 " Kansai bou/ kur on
kenkyu pur ot okoru”, YODOSHA (2001); Hogan, G 25 et

al . ed.: Ranipotent stemofellots beerdityes] nfny dbdddbéident on

Manual , Cold Spring Harbor Laboratory Press,

Pifgeder ealls Nnd roe preferablRibetepeaden? 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
acc‘ordance 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 J ikken. Kouza 4
“Kansaibou/kuron kenkyu purotokorﬁ”, 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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E. J., ed.: teratocarcinoma and enbryonic stemcell, A
Practical Approach, IRL Press Oxford, UK (1987).

Typi cal procedures for the subculture and typical
culture conditions are described below. In order to
subculture ES cells, growmn 5 Edcells are first

rinsed with phosphate buffered saline (PBS) once to
twice, and then a sufficient anmount of a _
trypsi n- EDTA. sol ution (0.25% trypsin-1 nM EDTA in

PBS) s added to and covered over the cells, followed
bsér danhg IEIREOERTGIROMA and, emBTenis stesnbdl fe Rragtical

ks e e A
CRPEF e e PHIPIS UBnlidiing a corum

o GRS TS St AR oS
o e SR AR5 TR iR oSl s cetls, grown
. ! | i di _
ety ot LR T %ﬂtbﬁa%ﬁé%ﬁe&”@@f%fﬁ %ﬁafﬁfs» once to
i ed I
DOfcPIotl 4B AR EIER bR o STt Bl ESliien 0 25%
' ' q i,n 5% COp, an
oy REHEIEIOEEI 6 Pifefts 206 1B L Silend oMk theels,

of ol 1R Rt BS qaévihgvﬁ{ét &.%@spf&a vk %@t@@q Hapbeqs é;;-gqﬁ, 2 PBS

added to a gel al’i nate asticp e Wwhi

i ddn @ik (W MindehAblirat SOIRM LONc ARdrd BBLEhm medium

pluripotent stemcells are g . B

0.
Dk ah, {oar LSS A 3R B, B e co
(framsexaneparatd Hbgdfipeti®htS The GHiP¥Ns OQi'o'i‘l ’EUElally

days) is again seeded in a fresh nmediumt conduct

t heersmifoged woesedamratthendlld.i n&ftar PBS v *hBidihénatant, the
trypsin 25 inhibitor is preferably used. Preferred

exsatirermttdaatisnatie farudgatdddhin el £S @lecsRededni@imam

22medium containing a serum or a serum replacement, and a portion of
the suspension is séeded into a feeder cell layer, or a gelatinated plastic
plate, followed by incubating the cells at 37 °C in 5% COs.

‘As an embodirhent of the present process, the culture medium

of the present invention that is warmed at 37 °C is added t_-o a
gelatinated plastic pléte 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 CO, 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 sﬁbculture, 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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| ower density than that which allows adjacent
pluripotent stemcells to interact with each other so
as to induce the proliferative, wundifferentiated
pluripotent stemcells"” specifically includes a
condition at 1 cell/nmmR or les?2 A step to obtain a
cl onal population of 5 pluripotent stemcells from one
cell should nmeet this condition on the establishnment
of a honobgenous cell line of pluripotent stemcells or

t he roliferation of pluripotent stemcells
gglﬁgfq% cfgqfil%}%gﬁ?ﬁlﬂhéttéﬂhwhqellﬁw& adiasgns mivdipesent stem cells to
thet Iga(re%ent i nvention involves no . use of feeder cells

artdt nEItheRrR RERET 8P @sstr indwee fhe pyolifgratiye,
BT b RS Bt P el SRR M ondition
et LRl e Gl o ATS e SPERENR dloehopBH AR S

| IBRRIBLE &8 PLOLL FELe LIS L SEE o phis.condition on the
LR AS: £5L) Aokt 0 BE LS en S tmicets o the
C chifetdion SRttt QL (kL eufeiy R EREL!

agent t h%éﬁ{tﬁé?ﬂﬂ Enfgo(ﬂfrpérin{ ﬁfé ﬂ{l:ée E)?g@%r#riigﬁz%tn%rgn involves no

stemcells mal nt al ni ng

ungid befitdratdd ShatRruen a4 Ctﬁggég)ﬁ S%.glre Ltrlrléoneeds for

cul ture medi um wi t hout feeder ce

Spreeéhid) b¥ a dereim RHOCHSS sEfHMﬁ;ﬁ ngéf{fiséﬁdgpg%égf@ngﬁér cell,

cel | -independent pluripotent stel (T
mouis g elskisllyl Corfd QS tHE SR GRIPE | SEMnte HElia

culture m ni nrum nmedi um suppl enented w t eukem a

i mobptisiryg thadroywn dngesdignts plcaee to 8e present invention
anti oxi dant, and a candi date agent, 25 checking the

prmeslaset posside abgmotiferafte tdingly fuddee tellolivpedident

undi fferentiated pluripotent- stemcells, and sel ecting

a Ranfiadent stgmneel8while 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 withqut féeder cells and serums. .Speciﬁcally, the
process comprises culturing feeder cell—indepéndent 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 é.ntioxidant, 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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that shows a significant positive signal. The
formation of a colony.of the undifferentiated cells
may be checked norphol ogically using protein staining
met hods i ncluding Leischman staining.

Undi fferentiated cell nmarkers s¥8h as alkaline 5

“phosphat ase, and SSEA- 1, 3, 4 antigen can be al so

used, and they are detected with an anti body.

Addi tionally, the expressions of Cct-3/4 gene and

Re)é‘%‘%tf gﬁg}%’ts?%%gép 12?1;12%0%;%33; Itsfﬁ!?lﬁc!ﬂ%/o:rg they may be
Ty R o
B e e R T .
T L i S
mvP nons é%%% K%dmwaz‘f (';IE a&ﬁ&ﬂ%%ﬁ%‘gt&‘?uﬁﬂ; plglﬁgf%agﬁcli they are
IPBClERE 06 LAOLET! RAETERT 42 B 2teted oo oys
“ge@@%%dé%% Eésf‘le G d%g%ﬁ&aﬁ%ﬁé‘fvi&?ﬁxen%ﬁéed cells,
TR 5 RN IR U o

| ceghdifageh Hpﬁkﬁ%@ﬁ{e@% QS:LIPSO%]CPQDL‘rEHE&Q%In&lC (8ifrerentiated

25 Nunber of col ony
cells.

A composition of a typical culture medium and a typical
culture condition for conducting the screening process described above
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 cm2, and 100 cells are
seeded.

Culture condition: 37 °C, 5% COg;

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




10

15

20

undi fferentiated cells (/cn2) 0 - |

to 5

+1 6to 10 +2

1+3 The process for the culture according to the

present invention

cl onal

makes it possible to produce a
popul ati on of pluripotent stem cells by

culturing and proliferating one2dluripotent stem cel
This 5 provi des an advantage when a popul ati on of

pl uri potent stemcells, of
altered, is necessary,

and when a transgenic

SuBdPEisetiathg EIIED! 5

resentative exanp

ij or

The cutture
uri potent st

e0l's, a cul ture nedi um corrp

rising a cell
Mth | eukem 8

i nted 1 8
?:ttBrg(l) a serum (2), 2- rre“réapt oet hanc

EEYET1GE TS (4) fas

whi ch the genone is

ani nal
of a
emcell, ES
10 cul ture
i nhibitory
(3), and
to (3) are

UBUII U VVYICTI \J.
onprlsed t hen feeder cell - |%dependent ES cells may
e1oul tured on a gelatin-coated plrate to] which the
ells are directly adhered, jand (4) is ngt necessary.
Wien 15 (4) is conprised, (2) nmay be substituted wth
a serun1rep|acenent (5), mhich nmakes it possible to

culture t a seru The resent
i nvent i onﬁgr E§ es iZl)r}é)}grhoce uFSractcﬁ’ tding 1q,fte pregant invention

comekesit ioIaRsEsibdtlad & 18haF Bentigiide |°méz£’%qts§& stem
L N
ni?ﬂﬂhﬂ@é‘tanoédvm&éér\%ﬁ@ﬂt 'ﬂ%;;ﬁpﬁ'tl%ﬂ b %Mﬁ;?(%/]telng stem cells, of

condition that an adenylate'c ase

Izg\bhmﬁ €He dembRhd 86 altRBe IR ﬁé@&s%fxy?ﬁn'd%hghté) trfls@hic

animal is produced.

oco**qo*—

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, t_hen feeder cell-
independent ES cells may be cultured on a gelatin-coated plate to

- which the cells are directly adhered,-anci (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 aforerﬁentioned 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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‘adenyl ate cyclase activity to a nmediumor the

conbi nation of the inhibitor with the nedium but

such a condition can be fulfilled by different

sui tabl e met hods. For exanple, a nmethod for inhibiting
the expression of an adenyl at@Xxycl ase gene in a
pluripotent stemcells by 5 neans of nRNA or RNAI, for
exmapl e, and a nethod for expressing a nolecule that

i nhibits an adenyl ate cycl ase activity via genetic

engj neerin rocedures by neans of an, antagonistic
v@%emg%tec%’fﬁage a@ﬁvntiyz@ﬁad@@aﬂaﬁrh@r the ealbmatinn eh the

In ot her .aspect, the present invention provides a
néaﬁﬁ%mw@a E]BF dHERUT &)Wth%“él’&: B eprRABiorpran pofieidled by

e Sis blomEBole: | Jan e ler amsibathipt infibting the

} %%?%%%Bﬁ%&% it ﬁ}éccl)éféle St g et st Sells by
((Jllgra %ﬁ%/ré@g—ﬁgi\fph érf@‘gwf’%%ﬁég% a{ﬁ ’él,sllll_ethod for expressing a
A

1 . . :

(SR g Rras P AErS B FAARS, 3L S ARIRISie JRTigneRn be
Ctilfed SccSRLARUEMIJ BAEG1,0Up consi sting of

enocorticotrdpi ¢ hornone (ACTH), brain natriuretic

~ peptide ¢BMNR)othREt .pte%fyﬂ?éjgpé(ééﬁteirﬁéé\%{ltﬁcg?gr%@ﬁai Rium

pol ypepti de (PACAP), ‘and a pepti de - a)
PRy ik atirRator 2B caGhlitMtd Wi PIHASTHRAL L ALY mSLTd, %dl’éfc?l comprises

them In a further aspect, 'the’invention provides a

medileas{ ehetiR®ibio} bike Q&eﬁk}ﬁt& RSceRde 8EANLGE! PReferably, the
whi ch conprises any one of the nédium supplénents as

ddabibiter ofbavedemyletecyblase 4dEvitpds Welddtedfffe® Bie group
feeder cell, and/or a serum Mre preferably, the

mesnsistisg 25 SQ2R2586 (9o(tbtraftsetter 2 deirhngt)ddsaing) 2T6e

medi um may conprise a cell culture m ni num nmedi um as

a diileoxphdescsne] S-cyddpantyladdnimy, 255’-dideoxyadenosine 3’-
diphosphate, 2°,5’-dideoxyadenosine 3’-m6nophosphate, and MDL-
12,330A (cis-N-(2-phenylcyclopentyl)azacyclotridec-1-en-2-amine), or is
selected from the group consisting of adrenocorticotropic hormohe
(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 feedér cell, and/or a serum. Mor.e 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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conprise further a differentiation inhibitory factor,
a serum replacenent and an antioxidant. In a stil
further aspect, the invention provides a process for
the culture of pluripotent stemcells, which
conprises culturing the 5 plurﬁﬁbtent stem cel | s under
a condition that an adenylate cyclase activity is

i nhibited, said process allowing to proliferate the
pluripotent stemcells while maintaining the cells in

diff tiat tate. .In. the process, the
C GRINPTSh B aA GERHIF SR HOBy RPAGHORE fFaiRF y & Rerum

B F R
Gescr helt ba0U AR AF Rt e HEVE DT ot Broiidenagrases for the
CIoh AR S b B R kg 2R e et Be R by E the
PR ERL SPELAR bRl RGeS iGR: SiarSayiale Bblase
L%%t% Iﬁf ghgyg{(f@msl 'cé t;%glcén)%éé %%lgﬁéggatosﬁx%q}fg%fle Sth%rpeluripote-nt

URgefrf gél%wggtrl@g%zﬁiﬁzﬁﬁgﬁgqﬂe LR GoRd ﬁhﬁ?ﬁ%&ﬁ%ﬁtﬁ% state. In

nei t her fee /[ Oor Seruns, nor

sypRl RBEs agh Aesaited RRPYS Eaengtﬁaecgicﬁf%%r gétlﬁlgr& 9s inhibited

the culture process, one pluripote

PreheiabbieCctid usebfidh ISR mﬁ%&iﬁéﬂ%’ﬁ%l&?ﬁ‘éﬁﬁgﬁy.

to provide a 20 clonal population of t

PrAIS€sthe tﬁ@t@dlpfd&tsgﬁhaﬂwpef;@rh&dfﬁ¥;i&§ tent&dildn as

or may be derived froma nmanmal. The plurfpotent stem

Celdssriteyl HBoté SOAdEsFdiag tor 0B sultuifdbrolBsd ik bieFipotent
aspect, the invention also provides an

ursdief eeléohinabe dyltwreidpat provideencimldl pphlat@aonshe cells,
its pluripotency, 25 which is proliferated according
t @Itcgeltpmaésrsl}aqolueﬂmtbhédtahm/dls tandestultuirédiih tére medium
aspect, the invention provides a process for the 27
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 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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culture of pluripotent stemcells, which conprises
culturing the pluripotent stemcells under a

condition that an adenyl ate cyclase activity is

i nhibited, said process allowing to establish the

undi fferentiated pluripotent st2mcells. In the

process, the condition 5 that an adenyl ate cycl ase
activity is inhibited may i nvolve the use of an

i nhi bitor of an adenyl ate cycl ase activity. The

cul ture process may be perforned using the nmedi um as
deSeltrse ®f Muvipotent stemeegiisrwhiqir oorgwisdsheulturing the
pluripotent stemcells may be ES cells, or may be _
dePfWJgaot@ﬂtoﬁﬁﬁan caHfaImderha genditipot Bt an edergldte cpolase
be al.so derived from 10 a human. In a further aspect,

t h%gtilYf& At iBRRed spigvprressarallaming teestblistethe
pluri,potent. stemcell that retains its pluripotency, :
mm‘ileﬂ%?%r codiatsri RIVEIPtens siemycelds t hin phogaesesss the condition

descr.i bed e, 15 The foll ow ng worki ng exanpl es are

b
o Bk a ot SYdBSeRCtY HoliNbltes ey ietolvthe use of an

ST S GT ROE5 St B PR 5L may e
BGOSR B GRS LA RIS, TR e

e e T
R e ] e B H S R Scrved o

915 n4303n(1994)), and ES cells derived 25 therefron
were i ncubated on the gelatinated 12-well plate

treated wht 9 \ e lon at 37 Cin
5% CCR i\r%hoi]ngu;?rtih%gga@ i %}bérgg‘l‘g‘tsw‘r’r’é%lgénp%fm@teésag%w
mumdiffereasened Plumpsbiteat 6BEMeIPHIAR e 438 its pluripotency,

which is established according to the process as described 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 preparéd 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 treatéd with

a 0.1% (w/v) gelatin solution at 37 °C in 5% CO; in one ml of a culture
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as a cell culture m ni mum nmedi um suppl enented with (1)

1 x 103 Um LIF (ESGRO, Invitrogen), (3) 0. 1pM

2- mer capt oet hanol (Nacal ai Tesque), and (5) 10% (v/v)

KSR (Invitrogen) per well. 5 Five days or nore after

the incubation, the supernatant28as renoved by

aspiration, and then a Leischman staining liquid (1.5g

Lei schman Staining: Sigma/ L nethanol) was added to

the plate until the liquid covered all of the surface

of the plate. The plate was left at roomtenperature

f omedium ofi(desgawdminiraedn wisstntial etediben {GMEBM;18igma) used

stai ni ng]?l For the bl ue-stained colonies, no formation

of 28 © @slhtur&tmllranHDalmedlurhesuppﬁanpdfmﬂedgmﬂhn(la)ril x 103 U/ml

undi fferentiated state was shown by the naked eye.

an&llr‘ (BRERP ctositorgen) F(Y. 0.11M) J-mevmptoheh&SolcMdalai Tesque),
incubated in a culture nedi um wherein the nedium

deé@ﬁiu Bed Odpdvev) $ER Gupisregenteer wellh 0.3% (v/v) FCS

(2), an averzcgf of 17 coI oni es of 15 undifferentiated

-ceI | s wast ¥R oIng, after #hs inqubstionowbd supsmEient was
oSi ti n of (1% + (3),+ (5) should lack an
é? V%ﬁ YeRSRYENAN, el tien of beisghman etaining liquid (1.5g
|ff§fent| t ed. ce . colgnies, which was conprised in

clsehmar {ig igBlaet Pesthenadlowasiaddesd to the plate until
ﬂaf hat %b%%e%l %ﬁmf SiRee sbaghipte L“%S%%Ee' was left at
h h
T radhh te%”é%ra?wggﬁ%ﬁ oL SRE %ﬁﬁfﬁm g daschman

| (V%é%lhﬂ;@ﬁd"%%a“@g Pl GABSEL S 0 e A% cotonies tha

i PP ey a e e B dn T BrblE aPhacer pgyy was shown by

Tt SR SRS RS co e

e SR L8 Sher ) U B e v
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 ingrediént essential for the
formation of undifferentiated cell colonies,.wh:ich 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 pér well in
the culture medium having the éame compbéition (1) + (3) + (9)).
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 ihgredient essential for fhe formation of

undifferentiated cell colonies. -
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di verse known growm h factors, cytokines, peptide

hornones and the like, was added to the culture

medi um conprising (1) + (3) + (5), and the ES cells

were incubated therein at 37 Cin 5% C02 so that a

capability of 5 the candidate 26 form a col ony of

undi fferentiated cells was determned. As a result, a

formati on of colonies of undifferentiated ES cells

havi ng the apparent norphol ogy was observed on the

medi um suppl enmented with 1 ji M adrénocorticotropic

hor none, Siihs¥gloreaitly, ratanhdiddtecoqasipde dbhat handdbdempMelected from

pituitary adenyl ate cycl ase activating pol ypeptide

( Kigerst kedwnlgrAdiH{actersisexdokinas, pppptide)hormonsdwand the like,

be noted that Fig. 1 (a) to (c) showthe results

obvas addefirtonthicheuttede umedommi sampgiohg@VEM (3). HHS) aadd the ES

2-ME, supplenented with FCS + feeder cells, KSR +

f eméllsrwcm irqubatied #ESein as @ciCunl §%0 Thk ®sthhat & capability of

whi ch were conposed in the colonies formed by 15 the

s Uyl eanticlabg £0 formse cobpny ab umstifforastiatadcelbegiesddetermined.

that they were positive in the staining test for

alA@aa.rﬁéubh@s&mtl@s@naétqo}ows OfvmndkfffF@DéJ%ﬁad@fﬁ cgtls having

the undifferentiated state (Fig. , and that a
t&ﬁs%ppaprﬁrﬁﬁnpaeheb@cwas/Qbme@m £3g gpegiprfaipplemented

ac“ ot s aeetRpieiNG GRITRTG. LiMsbTOn Haiiuretic peptide,
E%ﬁ; S blitRp iy a %&Yeléusggfcti"rt P& R Rep s Fig. 1 (e):

2 ACTH
? %Cfgfp\gsm#%f 3 4 hepoad] o ﬁﬁﬁa%ﬁeﬁﬁﬁgﬁ%agﬁﬂ%gf (@) t0 (0

Mﬁﬁédr?tﬁ@ PolalERd rdbothe Megifimh Spsistl O GMEM, LIF

_ S'C#ﬁl —gﬂfﬁ%‘lﬁpéferﬂeﬁ&d ¥iff Fe's TBRBGET ggllghgﬂ{’g\ﬁgeder cells,

agnents thereof were

cul{aregredisha.glef, fi nal concentration of 1 pM

-wher ei n

The ES cells which were composed in the colonies formed by
the supplemenf with those peptide hormones were checked that they
were positive in the staining test for alkaline phosphatase acﬁvity,
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 capablhty to form a colony of

undifferentiated cells, simiiarly 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
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(1) LIF (3) 2-Mg, and (5) KSR were supplenmnented to a
cell culture mninmmnedium Asa result, ACTH (1-39),
ACTH (1-24), and ACTH 5 (11-24) showed to have the
capability, whereas -ACTH (18-39) showed to have no
capabi lity. ACTH (1-24) showed 3® have the nost potent
capability anong the fragnents having a capability,
and showed the formation of the col ony of _
undi fferentiated cells even at a final concentration

of 0.1 IiM Formation rate of undifferentiated cell 10
cotipHiask maé}féeli:@? the ahavee AGi TR mndithe ifnegentaseerdof were
the tion of, 10 pMACTH(l 24) were

@%‘f E cFL% Fate medinen et figrl copmenostion of doplwherein

Th wild) 5 Lﬁ RS Gl R K e i asied be faggggi{ﬁ‘ggre
A A T S P 0 s

vﬁ.)lﬂp'gnf;?fﬁﬁ%ﬁ hekS Whe et h%?é?%ﬁ&%sm 4T8B9) showed to

ser ums or agbbalé?}; gleﬁpt;ﬂ?&% 2%2 f Cﬁi%‘fed e %Sqoﬁétent
RS A P &g%?%ﬁagﬂﬁgt%gé' S50l <o rowed the
Pltn%.'tfar{‘gf Hl?ﬁeg%rlbf of Uh ?fe%]rqgjf chgmc, ?etﬂgﬁteft;%&'%

which retain t uri po ency,

Ol rRRA®Fa156h [6T:0 ‘ig’]a}\/PusFé%thho{:%tu b &4 ffﬁﬁ%pgﬁateg cell

transducti on were ded to the cu re ne

ohsgsvest Bad BEIPrbafabiRpsrdfe 11t LhSe o?{hﬁ’%%grplg%sentation

been known to activate an ACIH receptor belo

Gair® M ACTH! (qdznf%%%r J1@Q]érit% MY l?lh hd Sﬁgé"bﬁb 3% FCS

activates an adenylate cycl ase activity t rou
aciri Mol ON.of trimeric G proteins

The results described above show that a culture medium
wherein a cell cﬁlture 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 undifferenti.ated 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 undifférentiated 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.



10

15

20

25

contai ning the Gas subunit. Now, to a cell culture

m ni mum medi um 5 supplenmented with (1) 1 x 103 U nl
LIF, (3) 0.1 }iM2-ME, (5) 10 % (v/v) KSR, and (6) 10
pM ACTH, an inhibitor of an ad%gfll ate cyclase
activity, SQ@2536 (9-(tetrahyd 2-furanyl ) adeni ne)
(Sigma) at 100pM was further added, and the .
resul tant mediumwas used to culture the ES cells in
a simlar manner to that of Exanple 1. As a result, no

10 format, f on| es of undifferentiated cells was
unexpect éot@aTc}f‘ FPeIEln%Wnt %a?ﬁlﬁa‘%fa?n ~nfH: Freepiter belonging

i‘?Ydl vi dual coI o i es was n| fi an l'y increased.
0

RICEBEREDIC ﬁSC%EP“rOécia 1e§o PR .@ssstoraae@wtes an
C“%ée*{ﬁﬁtemfﬁ'sﬂ%@” BB PaiE TRE et tigh o brithiesie O proteins
bl 6, hatﬁ Bamsibelftusd Saiegam medium

a%u@%sewegaf‘”l% @ﬁﬁ"k(’&ﬁﬁ/ﬁweﬁﬁdf{é ﬁeﬁ”" B ieas 1o %

act Fg’w%[“%mh?% oxy’g g%gsa? %‘% §¥ &&Wlaﬁgydase
2aesns AL S TR ?%8%%6) (Siga at 100uM,

undi f f ér i ate

S Rpxs ‘fﬁfﬁleﬁ‘hfddéﬁ” 5&’1& ItAB &Eu@&rﬂ%@}ﬁﬁﬁtﬂew@éq?@f to culture the

activity caused the formation of colonles

ureks fickBeantd @hﬁﬂa?%bﬁne‘?‘r’coa@ﬁﬁ%@ﬁ & ase %% %ﬁ'stlﬂt no

via a G protein-coupled receptor 1s uuaIIyln ted

t Hoommghidrhef aslonias b®mridiffertHBAS] &M% tedl
con?z]?lm ng the Ga i osubunllt In order to ?k%%ﬁ eh v

orinhébit¢deretieth dfy, AldtRedizd 65 1ﬁJl'V§dl§élg@@1|omes was
transduction, an inhibitor of the Ga i, 32 pertussis

tcsxgnm,ﬁoamﬂl;aﬂnt&datseda cell culture m ni mum medi um

suppl enented with (1) 1 x 103 Um LIF, (3) 0.1 pM.

2-ME, (5Jnboder té\wheckKisie effact 66301 BONRAGHE] atel culture

final concentration of 100 ng/m,
minimum medium supplemented with (1) 1 x 103 U/ml LIF, (3) 0.1 uM
2-ME, (5) 10 % (v/v) KSR, and (7) SQ22536 10011M 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’-dideoxyadeno_sine (Sigma) 500 uM, 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 Gai subunit. In order to check whether or not the effect

of ACTH mediates this signal transduction, an inhibitor of the Gai,
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and the resultant nediumwas used to culture the ES
cells inasimlar 5 manner to that of Exanple 1. As a
result, the effect of ACTH was inhibited, and the
size of the colonies of undifferentiated cells was
drastical |y decreased. This sho¥ that the effect of
ACTH on the formation of colonies of undifferentiated
cells nediates the activation of the GQi. Further,
this also shows that ACTH would bind to a G 10
prot ei n-coupl.ed receptor, that is different froma

r eBEHUSSIS HEEns was addadtta 2 seiSwiire minimeim hmedGTin

receptor is sogi ated with the G Those results as

CSRb e R Dol st L DR sl ok SIET DL, L s VATMES) 10 %

the f i on | opj f undi_fferentiated cells

shdd P’gmhﬁ’%‘? Z%}_ Y ?\2}&3—.&@% §ral conspswsionag 100 ng/ml,
T Tl e Gl MR S EE B Ot 02 2 ot

wchaff i, 408 4060, S IR S5 PYALESE 2P X e

e 0 AL S, BL0R B PR TER (e was
T el (N U G (R
SR IR Sy ORI B4 Tl i s sctivtion o
ohval ogd, rythere higntohiyl ol ASEISGRLSNER S o

f usidiein-eslipid vEQh oMbt i@rﬁgffggﬁ-‘t frgfﬁ” LR {)erlelféeciﬁc to

were injected intothe. nouse ocys 0 CO

t eCBB it EDedliaBidid B M@mtﬂéeege&&%gg%%%g%‘df MRS The G .

uterus. As a result, 33 litters rom

100 tr andiiosetiedultay Ghovall & Hdve Bonatra3fd! tHat 44 effect of
survived three weeks or nore after birth, of Ich the
1ACTH orrtheviormativm ofiicobsmiesrifaendifdreABdtéd E8scduld
contribution ratio of 5 70 %or nore in view of their
hanedisgedhe fatiomgngeghal kidrshsctidds: 1) ACTH binds to a G-

protein-coupled receptor that is associated with the Gaj, 2) then the Gaqi
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 tﬁe 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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litters are femal e, which showed so-called "male
distortion", and the inbreeding showed the

contribution of the ES cells to the germ cell line.

This denonstrated that the culture conditions

descri bed herein should be suf33cient to retain the-

pl uri potency of ES cells. 10 Exanple 5 Thirty enbryos

at bl astocyst stage of 3.5. days old were renoved

from C57BL/ 6 inbred nouse strains, and the inner cel

masses |[sol ated fromthe enbryos by i mmunosurgery were

i fgAESalA taflorsinteciisapseutiaprégnant mmesenatimums. As a result,
consisting of CCMM (1) 1 x 103 Um LIF, (3) 0.1 pM
2-%%,1“6?@ WRIhBFR@deehiTem LAY toanspldsited revhboiyrand as many
pyrugate égg 1096év v) KSR, and (6) 10 pM ACTH on a

pi it 0JUEEESURIY A fthEEe Weraksor There aBisubirh, iof wiieh the 17

initiati lif. f t | t ot
| L Bre Shicimtarie iy Watdiad smoliSesTLeontbution ratio of

Thy Q _denonstrated that the present culture process
SR h

Obé" ket uTHh A dreiphpir ?ﬂ@rc upeRg shethelitters, 14
0 0 50 R ST
f : f.opluripqgtent st | whi_ch
b 280 0 B S T et e

aeﬂﬂiﬁ!déﬁnﬁnétr%‘tea- I?.ﬁta,% %H@pc%lg{lﬁ% 885&?@%% tﬁgﬂ l_e glj%r%i@_should

wherein the conmposition’i's

c Fri s ' t -alm1l or rein the
c?r%glzﬁdil%ﬂt ?‘g?%aq%r ol ﬁleL?I]laﬁ J:é{%}clyr ?fpéﬁe‘%’iﬂ{hesst emcells
while naintaining the cells in an undifferentiated

state. 10 4. The conposition according to any one of
Clmtataple 50 3,

Thirty embryos at blastocyst stage of 3.5 days old were
removed from C57BL/6 inbred mouse strains, and the inner cell
masses isolated from th.e embryos by ifnmunosurgery were individually
incubated in the culture medium consisting of CCMM, (1) 1 x 103U /ml
LIF, (3) 0.1 pM 2-ME, 0.1 mM non-essential amino acids, 1mM sodium
pyruvate, (5) 10% (v/v) KSR, and (6) 10 uM ACTH on a plate coated
with fibronectin. This resulted in the initiation of the Iproliferations 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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wherein the inhibitor of adenylate cyclase activity is

sel ected fromthe group consisting of SQ2536
(9-(tetrahydro-2-furanyl)adenine), 2',5"-

di deoxyadenosi ne,” 9-cycl opent yl adeni ne,

2',5' -di deoxyadenosi ne 3' - di phdsphate,

2', 5" -di deoxyadenosi ne 3' -nonophosphate, and MDL 15

12, 330A _ :

(ci s-N-(2-phenyl cycl opentyl )azacycl otri dec-1-en-2-anin

e). 5. The conposition according to any one of clains

1 to 3, wherein the inhibi€odk Aof Madenyl ate cycl ase
activity is selected fromthe group consisting of
adrenocorticotropic hornone (ACTH), brain natriuretic
peptide (BNP), pituitary adenyl ate cyclase activating

20 pol ypept i GEPRREHBON faidthe paprirdefipuripptent stem cells,
ph‘xii.(ﬂl%ogi cal. acti lfi’ty substantially simlar to them

6. AR GPIPTSFS fhécast ang tbbipnef aderylats cyalasel astivity.
whi ch ﬁ’?‘rpr,hisles t he conposition according to any one

of cl ai ng. 1" 2o CBMPBOSIGRE ecnrdingde slaimd , twheteanmis; -
V"‘ng/rﬂbgs}thc? medi um.is 25 If;}{ee of a feeder cell,

ang/oF CSEHUMS & MRS BRI eTREBEdi ng to clai m 6,
wher ei n the lumis.35 free of both feeder cell and
serum 9@Th@ﬁ%‘§§f‘t¥?ﬂ% RBrF TR AiRe dnylaime 10pT @ avheredn the
t | Lumis_.a mni mum medi um for cell
TP S5 10 BROliRGH LIS rGo iyt Slemyelnavbre enaimaining
6 iRer&ha; edi ym conprises further a

ditfbf% e(%elﬁts} ati oﬁh{ilnfﬁ!l}%lng%%& Sftgg ‘or, a serum

Cal ture o priar OGN OB indd g Al SSE T sl 1to 3,
C bt efdiA A Helig b b} %@ta%ﬁ'lg%&g}cfcqlalsg ﬁ%l%glleﬁryr%%l %?{:‘%I(TH ffom the

such that adenylate cyc I Vi ;

sgrdupr enesistia B002LRE (0 RkAIRALEDASLANCAEL L0 27 5

proliferate or establish e mal ni'ng
dideoxyadenosine, 9-cyclopentyladenine, 2’,5’-dideoxyadenosine 3’-

diphosphate, 2’,5’—dide.oxyadenosine 3’-monophosphate, and MDL-
12,330A (CLS—N-(2—phenyl<_:yclopentyl)azacyclotridec— 1-en-2-amine).

S. The composition according to any one of claims 1 to 3,
wherein the inhibitor of adeﬁylat_e cyclase activity is selected from the
group comnsisting of adrenocorticotropic hormone (ACTH), brain
natriuretic peptide (BNP), pituitary adenylate cyclase activating
polypeptide (PACAP), and a peptide having a physiological acti.vity
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 accordiﬁg 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 1S
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cells in an undifferentiated state. 12. The process
according to claim 11, wherein the condition such
that adenyl ate cyclase activity is inhibited involves
the use of an inhibitor of adenylate cycl ase
activity. 15 13. The process a rding to claim1l or
12, wherein the culture process is perforned using

t he nmedi um according to any one of clainms 6 to 10.
14.. ' The process according to claim1l or 13, wherein

t l.uripotent stemcells are ES cells. 20 15. The
.p:}gﬁ%&%é%g(f?@a%c?@3é1da§m111-or 13, wherein the

luripotent stemcells are derived froma mamual . 16. _
‘Fl)'he pfoc ss att e NGBS COrding 1Q agy aBe ofiséaians & tre 8, wherein
pluripotent stemcells are derived froma human. 17. A
prtg’@e’E?di%dP’ thé JprYFans WJOEIC@HaCﬂlﬂlﬁémjmltl (ﬁn of
25 undi ff.erentj ated,.pl uri potent stem cells, i C
conpri sesﬁj;:ulnhﬁ? i‘?@d‘%ﬁ’é a‘%ﬁ&ﬁf‘?%ﬁ%ﬁﬂ%@’é@ ob [claimp® et 9,

under. a condition.such that 36 adenylate

oy e Bt Eo i e Rt e eTepEd N 1nhibitory

' j | al 7 jn _the.condition such
£ HEPLdt, Boso ! Al ddneHl B o' SS65RARAY ad i nvol ves

TR Tt T —

glec?)]'gfg?lr}iégs %lﬁgm{lﬁ\gﬁ%b‘%hé%gg%&%% %eﬁ%oce Sro%%ogéiﬁon such

Aoy IR PSR AR 00k B M

Lgalllﬁgi.ﬁdtéﬁﬁl stOmPENY HEpPolttePAR or L3t LORM 2L n%jnttguening 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
pluripo'tent 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 1.1 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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21. The process according to any one of clainms 17 to
20, wherein pluripotent stemcells are cultured in

the nedium according to claim7 or 8 to provide a

cl onal popul ation of the cells, in which the
pluripotent stemcells are se d at a | ower density
than that which 15 all ows adjacent pluripotent stem
cells to interact with each other, so as to induce

t hdepytateferchasoacuvitynginhirited.i at ed pl uri potent stem
cells. 22. The process according to any one of clains
17 to 2118wnErepnoesfs atenrdpeg éaClaineh’cavhenesn the condition
cultured in the nediumaccording to claim7 or 8 to

psb¢hddrat adundpteeytipaeiashivily isHahdbited inyplves thehgse of an
process according to any one, of clains 17 to 22,
WHRRERIEPT Pl RYIPEe CERESE1aGHERT | s are ES cells. 24.
Th di t of cl ai 17 to,_23,
wher o1 n 1He TRGPFRRTEHRCRATENmE &6 FBY-PRE GLEIEY 17 48

. . 25. e _process .accordi ng,to.any. one of .
CPtarein $h8 sulir SRS JF Periia it otk Hhf Medhrpaqegrding
are ag%rj)xg%ffcia%gllsapq%nm. 26. A clonal population of

ed p

undi T Ferenti a uripotent stem cells, which is

bt ai nab - i
clarm 330 1 BFoReCERR BT Loatg, &8 BIUARG 17 o 10,
R PSR SR St cell o R4 iRl aRAb A
updivhfigfisAtdratRd.gisate to proliferate or establish the

undifferentiated 5 cells. 28. Use of a conposition

conpri siny, ahé phb&ddsOic@rdade fy ladlyCon€ Ve cBiths 17 to 20,
activity, for culturing pluripotent stemcells while

et HYreim ipldripbbeneldms dellsateidihfer! anth@needisimiRcbeding to
proliferate or establish the undifferentiated cells.
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.
22. The process according to any one of claims 17 to 21,
wherein one pluripotent stem cell is cultured in the medium according
to claim 7 or 8 to provide a clonal population of the cells.
23. The process according to any one of claims 17 to 22,
wherein the pluripotent stem cells are ES cells.
24. The process according to any one of claims 17 to 23,
wherein the pluripotent stem cells are derived from a mammal.
25. The process according to any one of claims 17 to 24,
wherein the pluripotent stem cells are derived from a human.

26. A clonal population of undifferentiated pluripotent stem

cells, which is obtainable by the process according to any one of claims
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17 to 25.

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

28. 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.



