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STEM CELL CULTURE MEDI UM AND METHOD The present
i nvention provides a nethod of culturing stemcells
W@ eek/0ad1enbryonic stemcells (ES cells), a nePCT/GBR@7/003636
culture of such stemcells and uses thereof. ES cells
provide a strong candidate as; a cell source in cel
transpl ants for central nervous di sease such as
Par ki nson' s di sease and di abetes. In study of ES
cells, nouse ES cell are conmmonly used at present, but
in viewof clinical applications, it is necessary to
carry out ISTEMCELECUICRYRE MEBIUMRNDUMETHODMAN ES
cells. Howéver, human celTS nore easily undergo
cell death than nouse ES célls in cell culture. For
exanpl e, in subculture of human ES cells in

' i I . d
SN FRCEb fouta s HOTBILFirgUapansse sun o
er Y38 18D A ) PRI 07 cRROSHSfh s ol o s

egates, and then seeded to a new culture plate.
th%g\%ver, human ES cel |l s undergo detachnent and

di ssoci ation poorly in conparison with common cell
strains and nouse ES cells, and many of the cells do

ES felspiavien sTing ctdadle 35 1 gel 3p0igen saliranshigia for centra
nepRuiSraIRGRAS PUTLAS TSI S SRS et Iaptudy of ES cells,

training is required to obtain reproducible results. |
matise argalrare cammeplausachat present dutt di viavy ofi sliricalgralications,
using human ES cells is that the collection rate is"
it is sRePeIRdo ARty ot resparaicanchdevelopieint mot usipgrikean ES cells.
whilst it is desired to clone human ES cells in
Hayeaver,i lmuman ES cells more easily undergo cell death than mouse ES cells in

cell culture.

For example, in subculture of human ES cells in maintenance culture, cell
aggregates are suspended once they have been detached from feeder cells or
substrates by enzyme treatment or mechanical detachment, separated by
pipetting to small cell aggregates, and then seeded to a new culture plate.
However, human ES cells undergo detachment and dissociation poorly in
comparison with common cell strains and mouse ES cells, and many of the cells
do nof survive. Since human ES cells divide very slowly and differentiate easily, a
lot of time and manpower is required for culturing human ES cells while keeping
their undifferentiated properties and technical training is required to obtain
reproducible results. Furthermore, an impediment to research and development

using human ES cells is that the collection rate is lowered because of cell death in
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engi neering processes, when human ES cells are

honogeneousl y di ssociated into single cells cell death
wa@easosdasat i on of growth occurs very easily anPCTGBRI0MGO3636

efficiency in human ES cells is consequently believed

to be 1%or less. Further, tg differentiate human ES

cells they are detached from“eeder cells, dissociated

as small cell aggregates or single cells then plated

suB@ul?r?UbWrﬂe? il RCHs! Uésﬁ&fd@%]@ﬁé'ﬁurﬁaﬁ ESl b8l genetic

ferentration |ndu0| ng medi um This process has a

enﬁ@{e}]é h@%&g&%ﬁé&e Ne¥en S ' déll@narﬁﬂﬁéﬁh%ggnééiuély' rfissociated

Serum ree oatlng cul tur

ln‘cFhe %ﬁ?'g%@%?g“ Eﬂ%gnd Kfid %%%é@gﬁgg? %’%ﬁ RE gfjseV@rg%{s‘gy%d cloning
eﬁ%’iﬂlﬁyﬂ@g‘%{“ﬁ%‘{\ﬁg %ﬁlg |§B§ﬁ%$ soclg tfe?gv&%?cgéém/& Io(t Iéé%f l's

once and cell aggregates are forned, but when such a
met hodol ogy is applied to human ES ceI s a |l ot of
I'1s dig t

RS PSR ARl s oo
O SRl S i HREIL s o

Frisch et al Bi o 555-

sp(egtﬂgiwdermiléramwlwre@ mdﬁ@mﬂ%‘ﬁedﬂ ldﬁ'n@! mﬁ%}% This process
met hodol ogy for culture of human ES cells is desired.

hagha- weryolovateSiciensy edwther, i s embryeid: @élﬂsﬁnmethod a SFEB
accessi on NO NM 005406) is one of the main effecto

(Seniredrdee sFloatifth o c@iras ©f afnbryoids E&@@aﬁrhkﬁataggfegat%) method
control s physi ol ogi cal phenonena such as vascul ar

develwpedi nt iherpresentiavertoa 3O 2208128862 @RdaVatanabesst al., Nature
Nat. Rev. Mol. Cell. Biol. 4, 446-456 (2003)). Several

N&nopcionds &r28&a08n(2895))hdét RORquired Hhatocalls( e dissociated into
exanpl e, Ishizaki et al., MIl. Pharnacol.

single cells once and cell aggregates are formed, but when such a methodology is

applied to human ES cells a lot of cells die. Further, there is a problem in case of
human ES cells that even if they are not ‘completely singly-dissociated (in case of
culturing from small cell aggregates), the cells die at high frequency - Frisch et al.,
Curr. Opin. Cell Biol. 13, 555-562 (2001)). Accordingly, the development of

improved methodology for culture of human ES cells is desired.

Rho-associated coiled-coil kinase (ROCK:GenBank accession NO:NM_005406) is
one of the main effector molecules of Rho GTPase and it is known that it controls
physiological phenomena such as vascular constriction and nerve axon extension
(Riento et al., Nat. Rev. Mol. Cell. Biol. 4, 446-456 (2003)). Several compounds
are known as the ROCK inhibitors (for example, Ishizaki et al., Mol. Pharmacol.

57, 976-983 (2000) and Narumiya et al., Methods Enzymol. 325, 273-284 (2000)).
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57, 976-983 (2000) and Narumiya et al., Mthods
Enzynol . 325, 273-284 (2000)).Although there are

W@ ewsn3d110 eports that the cellular death i s coptT/GBR@d/003636
by ROCK i nhibition (Mnanbres et al., J. Cell ScL 119,
271-282 (2006) and Kobayashi 3e_t al . J. Neur osci . 24,
3480- 3488 (2004)), there are™al so reports t hat ROCK
i nhibition accel erates apoptosis (Rattan et al., J.

Althlsugmﬁérep% s&?erafzﬂc%ro%@&hée&%);emr SuathoRacHirated” by ROCK
Dyn. 229, 579-590 (2004)) and the role of Rho/ROCK

lnHlt?ltléﬁmﬁrPa?rh@re%%}tdloU Céll@ii ﬂ@t QVHLZQ@%G{)% ahB'lr&FBa@la@hl etal,

Bi ol , (2003))
s VoSl o Sho s amoct onor

SRR T TR 7 PP B Do) an
S B Sl 5, 10, O L o

Itor

PRGBSl 46 0B R hSrb Ut BT RovR ek faive Mol Bl cBiol. 4,

0 ing stemcells such as ES cells. The present
44%?4%&9& )have extensively studied and as a result

have found that the survival rate, proliferation
pot ency and/or differentiation effi ci ency of a stem
cell such as a pluripotent stem cel especi al |

It iggnowa|frontadsey Enpt 8l da Ul Saiencs 11%(1&)@%2@% §6?§ that CoCl

a cul ture nedi um contai ning a ROCK inhi bitor.

indsices differiemiistion @f meseichymalisiers: celfs1inty n%lfcmfdaad that ROCK
culturing stemcells, which conprises a step of

inhilvitiam |pmgemtiaéesﬁlmmefact There ia rRO@pArhHicwaver, with aespect to the
culture nedium [2] The nethod of the above-nentioned

cultdre, oftemeieatils tsueh stself® cells i aneedibmyaoitaingigeanRERCKsnhibitor.

An object of the present invention is to provide a novel methodology and novel

medium effective for culturing stem cells such as ES cells.

The present inventors have extensively studied and as a result have found that
the survival rate, proliferation potency and/or differentiation efficiency of a stem
cell such as a pluripotent stem cell, especially an ES, cell can be improved by

culturing the stem cell in a culture medium containing a ROCK inhibitor.

The present invention hence provides:-
[11 A method of culturing stem cells, which comprises a step of treating the
stem cell with a ROCK inhibitor in a culture medium;

[2] The method of the above-mentioned [1], wherein the stem cells are
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[3] The nethod of the above-nentioned [1] or [2],

wherein the stemcells are primate stemcells; [4] The
woredokossiod t he above-nentioned [ 3], wherein thECEGBR007/003636

cells are human stemcells; [5] The nethod of any of

t he above-nentioned [1]-[4], wherein the stemcells

are dissociated; [6] The met'ﬁo'd of the above-nentioned

[5], wherein the dissociated stemcells are single

enﬂﬁi@ﬁic%{elﬁ%@ iggated stemcells (i.e. cells having
or med a cel[ clunp); [7] The method of any of the

[3]3F:g@%@?ﬁggn@gkﬁb&@—g#@mﬁ gﬂ”&r ﬂzz,%hére‘?ﬁ ®he Qtem cells are

stemc , a step of treating

. ds with a ROCK inhibitor; [8] The nethod
pn%{é%%ée‘?rgng%@%_ mentioned [7], wherein the stemcells are

o 8 bl PSR EEA i Ul SSRFLAN & rmar

tabov[f-,manti oned [7] or [8], wherein the stemcells are
SI§PELETRd with a ROCK inhibitor after the dissociation

of e stemcel |l s; 0] The net hod qf of the
I51oboTBe BRI guaTiL P! 6] abaremeioneg DIk WHRISR dap st cell
Y-27632, Fasudil, or H 1152; [11] The nethod of any of
are gissagigtas nent i oned [1]-[10], wherein the cells are
cultured in adherent culture or suspension culture;

[6]] 12]TherBethediaidhe mbang-raentioneddsbwiereit therdigsociated stem cells
are[j é%qu-,l éélta %th:g;s}e}iegaéggtgéll &I;it(ageci;esiIsphzs\/?n%gf%n%ueldte:J Egll 8Irump);

[7] The method of any of the above-mentioned [1]{6], which comprises a step
of dissociating the stem cells, and a step of treating the stem cells with a ROCK
inhibitor;

[8] The method of the above-mentioned [7], wherein the stem cells are treated
with a ROCK inhibitor before the dissociation of the stem cells;

[9] The method of the above-mentioned [7] or [8], wherein the stem cells are
treated with a ROCK inhibitor after the dissociation of the stem cells;

[10] The method of any of the above-mentioned [1]-[9], wherein the ROCK
inhibitor is Y-27632, Fasudil, or H-1152;

[11] The method of any of the above-mentioned [1]-[10], wherein the cells are
cultured in adherent culture or suspension cuiture;

[12] The method of any of the above-mentioned [1]-[11], wherein the culturing is
passage culture or differentiation inducing culture;

[13] The method of any of the above-mentioned [1]-[12], used for (a) purification

or cloning of the stem-cell, (b) production of a genetically modified strain of the

stem cell or (c) production of neural cells by suspension culture;
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[13] The nethod of any of the above-nentioned [1H 2 L
used for (a) purification or cloning of the stemcell,

w@ jospsaduct i on of a genetically nodified straPer/oB260M©03636
stemcell or (c) production of neural cells by
suspensi on culture;[14] The nethod of the
above-mentioned [13], wheref ®the neural cells are
forebrai n neural ceI I s; [15] A nethod for producing a

(141! 1 HRECRIRLE G @6%@%&& 9k}, Whbfdh RS @ural cells are

I“mprovedad sur vi va erati on potency or

I |ch has i mproved differentiation
for&bfqusrﬁ]aq%} C88%i d net hod conprising cult ur| ng a stem

S L AT A

A cell a st em, ce
dl ﬁHWbVqlor ?‘? °rTﬁ’é° &g&\t'OBrB%t&PExY.% o? em B Bhich has
above ment i oned 17 wher he stem, cel
lmaro;@@lccﬂlﬁer@@tlam@]eﬁm ancd IR PINGG) Garmesiag clring a stem cell in
conprisin ROCK i nhibitor; [20] A serumfree nmedi um
the prgsense ad*ﬁ@(ﬁ('nihr“hﬂ%l tor; and [21] A culture system
containing a stemcell and a ROCK inhibitor in
[16tediAummethbddi abntrealingt ha asleie taells Withl ude RORK hJahivitor;
of culture of a stemcell conprising naintaining the
[13}t erh call preparatianutaroprising @i stemceatiandsa P GKRaTkIT;
inhibitor, and a stemcell culture medium conprising a
[1&HOCR hendmelbpteqnaratlom olithehabowesmentisned €7, mheneindhe stem cell is
provi des: a nethod of culturing stemcells so as to
digwoeméd; cloning efficiency or passaging efficiency,
conprising culturing the stemcells in a culture
[19EdiAeaPeBI bsitute nedRGBIK comprigirigpa RGCKetibilonf

[20] A serum-free medium comprising a ROCK inhibitor; and

[21] A culture system containing a stem cell and a ROCK inhibitor in a medium.

Embodiments of the above thus include a method of culture of a stem cell
comprising maintaining the stem cell in a culture medium comprising a ROCK

inhibitor, and a stem cell culture medium comprising a ROCK inhibitor.

In further aspects, the invention provides: a method of culturing stem cells so as
to promote cloning efficiency or passaging efficiency, comprising culturing the
stem cells in a culture medium comprising a ROCK inhibitor; a method of
promoting colony formation in a stem cell culture, comprising culturing stem cells
in the preéence of a ROCK inhibitor; and a method of improving cloning efficiency
or passaging efficiency in a stem cell culture, comprising culturing stem cells in

the presence of a ROCK inhibitor.
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pronoting colony formation in a stemcell culture,

conprising culturing stemcells in the presence of a
WORIOK/03310 bi t or; and a net hod of i nproving cl oPCTIGB2007/003636

efficiency or passaging efficiency in a stemcell

culture, conprising culturing stemcells in the

presence of a ROCK inhibitor. I'n preferred enbodi nents

of the invention, the stemcells are cultured in the

absence of feeder cells, feeder cell extracts and/or

serum The stemcells can be cultured in the presence

In @ireferB@CKmbabirméHter o thedlinlentiBHDehe Hte® B&IIPAsS aqit0tsd in the
e.g. for at |east one hour before subcloning or

abgescAgl fe@de\LéIRy, Haddaradall éa&ra%@kdaﬁd@ﬁ@lamm trihe s%mens can be
cells are maintained in the presence of

cultlﬁ}%ld tixh L) Pﬁgs‘e%e%f'%qia%mﬁh%lto?%‘ﬂ%ﬁ% Q@bclbﬂmﬁ&ﬂ@%&ﬁ&mg, eg.

enbodi nen the stem cel are nmuai ntal ned |

oSBT BB lin 3yl 07 pioal
B AT AL FES £ SO Pl o
or p%gérﬁlﬁge Ihoﬂiefé?f@aqﬁﬁﬁ?@ﬁ}eﬁ ,itggnﬁsﬁggg@' trél?%jtrﬁ’am alngc? in the
SRt 8ol b RSy o oo
ab Qi Rk 4r £ 02T s JeVS orle ?@eﬁ%%wﬁ | tgtkepﬂetrhe?"s are

aspect .of the invention provides amsthdof rovi ng
maﬂwgln@er'mt%Pr%ﬁngﬁé)&ac%ﬂ%% inkikjtog for %trl@ast%hor%lier@assages

contacting the stemcells with or otherw se exposing

the stemcells to a ROCK i nhibitor. The nethods of

this aspect of the invention are particularly suitable

In meme @prleadimentseiaf ther inveattionhdhe t ROGKII inbibéor depsubsesuently
di ssoci ated stemcells or aggregates of stemcells in

withdrepen §ioon theswelture medium, for example after about 12 hours or after

about 2, about 4, or about 6 days. In other embodiments, the ROCK inhibitor is

withdrawn after at least one to five passages.

Another aspect of the invention provides a method of improving the survival of
stem cells in a culture, comprising contacting the stem cells with or otherwise

exposing the stem cells to a ROCK inhibitor. The methods of this aspect of the

. invention are particularly suitable for improving cell survival when the culture

comprises dissociated stem cells or aggregates of stem cells in suspension. Such
methods are especially useful when the culture comprises cells at low density,
including the exemplary cell densities described herein, or when the culture
comprises stem cells at clonal density. Preferably, the stem cells are maintained

in the presence of a ROCK inhibitor for at least about 12 hours, more preferably
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nmet hods are especially useful when the culture
conprises cells at |ow density, including the

wez@spsary cell densities described herein, orP@IEB2G0MO03636
cul ture conprises stemcells at clonal density.
Preferably, the stemcells are maintained in the
presence of a ROCK inhibitor for at |east about 12
hours, nore preferablyfor at |east about 2, about 4 ,

foraat lasstudbdut @apboupd, broabaut 8 dags, arfer hblebisy 6nd 36 508 passages.
Optionally, the ROCK inhibitor is subsequently

Optichally, ame TROOK hahiitb uéesn@§éq¢f@ntlg- Qithafded REAUthd 2culture
hours, after about 2, about 4, or about 6 days, or

mefilif! ed. dittr8boGIME2 hBul's, ¥RePABSHIE Sabofft 428F bbb @@ bays, or after
met hod of the invention is a nmethod of transporting

| ver . .

o REATORS 0 P PABEASD A AR ok} 54 TEHELS, pintnod o

traﬂg.s&ﬁﬁg gfé\tﬁﬂéénenco@png@ p"n%gg&ﬁiﬂ that &g ?Eﬁéniﬁe%l fhedium
are p ri pOt ent ste ce IgS, e.g. eﬁbryonlc st ém cel S,

L NG i . of stemcell described herein. The
Co@g'rgnmgeélﬁgcggﬁmﬁgﬁ%dul t nmultipotent stemcells. The
stemcells can be nmurine stemcells, rodent stemcells

or primate stemcells, including human stemcells. It

w |l be appreciated.that. the nethods of the inveption
Acfhurting SRR SRt iiRlionnyt 0B PaRFESthRt i SIaD Cells are
as descri bed herein. Preferred inhipitors are '
pluvpggsgégterpagq] i B-SRINRLYPREDStem, cg tiReltdingnary tyre,ef stem cell
i nvention provides a method of culture of ES cells,
degqiihqd Beien-tThe stesp cells .can.bergdptt anuitingtant sters qadls| sThe stem
in a pluripotent state in culture, optionally on
celfseeafe bg; muring steiyiaelst Faslent stasn |ogllator Ipsimate sitem: cells, including

human stem cells.

It will be appreciated that the methods of the invention can be carried out using
any suitable ROCK inhibitor as described herein. Preferred ROCK inhibitors are
Y-27632, Fasudil and H-1152.

In another aspect, the invention provides a method of culture of ES cells,
comprising the steps of:-

- maintaining the ES cells in a pluripotent state in culture, optionally on feeders;

- passaging the ES cells at least once;

- withdrawing serum or serum extract (if present) from the medium and
withdrawing the feeders (if present) so that the medium is free of feeders, serum
and serum extract; and

- subsequently maintaining the ES cells in a pluripotent state in the presence of a
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- wthdrawi ng serumor serumextract (if present) from

the medi um and withdrawi ng the feeders (if present) so
wao bas/osdieo mredium i s free of feeders, serum andPGEGBR007/003636

extract; and - subsequently maintaining the ES cells

in a pluripotent state in th%_presence of aROCK

inhibitor. Preferably, the EScells are cultured in

the presence of a ROCK inhibitor prior to wthdrawal
ROECKIMNEbEST Uum serum extract and/or feeders. The

met hods of the invention can advantageously be used in

any situation in which stemcells are isolated or

cultured at |ow densities. In use of the invention,

I I ' ' [ £ Lf bl :
PrERiaal MEHES cF12 e ERlHR e reSned oL o ROBK LfiGor prior to
wift B e e LRIVl Afetfid kAl e Blers!t om cel | s from
I Ssues. € net’hods o e inventron can al so be used
for deriving pluripotent cells (e.g. ES cells
i ncl udi ng nouse and human ES cells) froma bl astocyst

[ [ hodol . F | e, . .

ol R o 85, Wl B R AR RS SRR By gaton i

w7 B R Sofatnd s GRtutsibpblougdendits [ ndiec ing Tnvention,
fromthe inner ce|ll mass isqlated ?ﬁr;f cultured in

h
the)plesergls 8fe BatriaediRias vogifferandairs Hair W r?HECEé cell death.

invention are also useful in the context of genetic
ThHgdife @agtheds dansbenysed te impseve dhe sariyatian jofostem gglls from
clonal popul ations of genetically nodified stemcells.. '
tissuasor dhadnethodieofi thednvertiorpean iadess be uasichisd dsfriving pluripotent
obtai ning a transfected popul ati on of ES cells,
cello(epgi EBraglls includingshouse mgdEBIgah IES velld) feons enklastacyst using
encodi ng a sel ect abl e nmarker;
any appropriate methodology. For example, a blastocyst can be obtained and
optionally be cultured in the presence of a ROCK inhibitor, after which the inner
cell mass can be dissociated, a cell or cells from the inner cell mass isolated and

cultured in the presence of a ROCK inhibitor.

The methods of the invention are also useful in the context of genetic madification
of stem cells, particularly in isolating clonal populations of genetically modified
stem cells. Accordingly, the invention provides a method of obtaining a
transfected population of ES cells, comprising:-

- transfecting ES cells with a construct encoding a selectable marker;

- plating the ES cells;

- culturing the ES cells in the presence of a ROCK inhibitor; and

- selecting for cells that express the selectable marker.
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- plating the ES cells; - culturing the ES cells in

the presence of a ROCK inhibitor; and - selecting for
w@eioB®3titnat express the sel ectabl e marker. The ROZKB2007/003636

i nhi bitor can be present in the culture nedi um before

and/ or after the applicationgof selection for cells

that express the selectable marker. It is preferred

that the ROCK i nhibitor is present during selection,
TheROCKUINAMiter ichnteeprtleat intheccuttirs enedioRf B&re and/or after the

resistance to particular selection agents present in

applivation &f waldctiod foPeélistthat ERprces ithé 8BRRIaLIO naKseE et &Pgreferred
the effects of l,ow stemcell densities. Optionally the

thalhE ROTK Irih@itor N6 | dra&sntt Merirg §e|eeﬁoﬁ,ut9§r1tieaiaﬂg eiF fife Blectable

cells that express the selectable marker int

ma?l(eﬁf@&%ré’ eﬁsﬁt% ti(): S{Hrﬁ&ﬁlgf se@&ﬁ&ﬁtﬁ’aqqegﬁ%@éé&ﬂ it A& medium

cel | growt ony formation I Mprovi ng
h Lval: S I T [ I, O s
(o7 Bofitfott EbisBhee TadiiEiRct dne Wieclq L Towitef 58U gsites.
i t ells,. Fo I e
opfofigty. e pififiod Rty Heeschielstehebt RigdBn R, bRTESpels that
' conbi nat.i op _or _one ar r um, .
o3 b Sedie MR an O PR irBcpti B elibitor, thereby
fornmul ated so as to be suitable for the culture of an )
progI. e Pﬁlgar%@éanﬁ%cweméifﬂr,m?tmn /GG REFRUNG e Survival
f}]lou%e stemcells, e.g. EScells. In a related aspect,
of hRSIMEENE: on provides cell culture mediumthat is
free of serumand serum extract and conprises: basal
medi ump a ROCK inhibitor; and optionally one or nore
of insulin, insulin growth factor and an iron
The riaveipion also wavidas Bsexfas ROEGHKa inhibitor inthe manufacture of a
transporters (e.g. transferrin) are readily avail abl e
culture medium for stem cells. For example, the culture medium can be any
medium described herein, or can comprise a combination or one or more medium
components described herein. The medium can be formulated so as to be
suitable for the culture of any stem cell type described herein, including human

and mouse stem cells, e.g. ES cells.

In a related aspect, the invention provides cell culture medium that is free of
serum and serum extract and comprises: basal medium; a ROCK inhibitor; and
optionally one or more of insulin, insulin growth factor and an iron transporter.
Suitable basal media and iron transporters (e.g. transferrin) are readily available
to the skilled person, including the exemplary media and iron transporters

described herein.

Addition aspects of the present invention relate to the use of a ROCK inhibitor to
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to the skilled person, including the exenplary nedia

and iron transporters described herein. Addition
w@spensd1of the present invention relate to theECUEB207/003636

a ROCK inhibitor toachieve the effects on stemcells

descri bed herein. In particuhﬁr, aspects of the

i nvention provide use of a inhibitor to pronote

and/or inprove cloning efficiency or passaging

achiele theefiectd oft EREAR! desoribed! Bereit € IR hattidRidrKaspects of the
inhibitor to pronote and/or inprove colony formation

invieRtién Sér%md%ehée Sl & LR@CP?W’HM?&' & ?0 athHrbirﬁsﬁ?FJ\r/]é g‘,lomng

pronote and/ or inprove the survi vaI tem cel

eﬁfegntg{ gd é’?in aﬁc.en@g RiCh @; cbn%hltmes%a%f%@fgk [MHhibitor to

he net hods of the invention provi

prdHibe! anaﬂ?llhﬁ%@é}%@“ fo‘?m%lﬂgrauif\ Osft%rjﬁ%éj}] &ﬂﬂp ﬁera%as use of a

accoraing to't I'nvention an

AR AREAE oA Rl BB 4008 b HSre

survival rate, proliferation potency or
differentiation efficiency of stemcells, in

rticular such as_human ES cells, In
1t B b cliriciaten ) diefisSihut bdi PvaBigsRssahine methods of the
i nyention can exhibit its advantages, for exanple, i
invgRlor previded Aerei @prlisg pauRMytathesuee at RO nigbEsrs accordmg
cells, adherent or suspension cultures of the
to tedBwentigneend temegia ard etharkempaedionsracconding te thesirvedtion.
of the present invention has such advantages, so that
it can be preferably used for passage culture of the
stemcell, differentiation inducing of the stem cel

The f eultuse ampthedst of ribar piesent imrentionetars )imppove fthe asurvival rate,

or cloning of the stemcell, genetic nodification of
praiiferatiorepatendy, oardifferentiationm efficiendy pf efemnagelien.in particular, ES

cul turing agent, conbination (for exanple, conposition
celBnguch as human ES cells. In particular, the culture method of the present
invention can exhibit its advantages, for example, in any culiure methods
including dissociation of stem cells, adherent or suspension cultures of the
dissociated stem cells or the like. The culture method of the present invention has
such advantages, so that it can be preferably used for passage culture of the stem
cell, differentiation inducing of the stem cell (for example, to neural or nerve cells),

purification or cloning of the stem cell, genetic modification of the stem cell, and

SO on.

The cell preparation, culturing agent, combination (for example, composition and
kit), serum-free medium, culture system and the like of the present invention can

be preferably used, for example, for the culture method of the present invention.
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kit), serumfree nmedium culture systemand the |ike

of the present invention can be preferably used, for
wez@spsalo for the culture nmethod of the preseneCT/GB2007/003636

i nvention. The present invention provides a nmethod of

culturing a stemcell incl UdJI’Eg treating the stemcell

with a ROCK inhibitor, and a Stem cell obtained by the

culture method and differentiated cell therefrom

ThE\Pre8ert, mi;'é]ﬂndhf@réwabs'd%@ﬂﬁdd)af BUIRNINGeS skenTeEl %"95'29 treating

treating a stemcell with a ROCK i nhi"bitor. The

thétsﬁéﬁ\‘?@éli witACh URBT 1R liHibRGL ed(?:{& ?S&%h{ fel ?ﬁt)eﬁ‘\te%dbggbhsculture

i ncl udes enbryonic ste ES cel and

me‘iﬁ&fl“a dhﬁe eﬁ(j BHEM bR, Cleurjtﬁer @%@%n v8ﬁ idr® provides a

est ab culturing an early

métl%’njj Bf]frgéfuﬁc_ga stetn Hel Wifieh lR?)ﬁggﬁtgh @hed by CU' t uring

ryo prepared by ransfer using a
nucleus of a somatic cell, and ES cells having genes
nodi fi ed by genetic engineering Such sten1ce||s can

epar ed b t hod s for exa €,
Tés 1t e B AR P3O, @dbéﬁﬁ? ) noludes
Sci.ence 1 ui SI
e R S S5 S 2o, S S i fo S ool
coal ture, 394, 369 (1998); V\akayana et. al Nat ur e
mC%@i%t E%scelezestﬁbfmeﬂgbxé)Gult\Aﬂnamarév .erapryo Ipeigee implantation,
. Acad. Sci. USA, 96, 14984 (1999); Rideout et.
ESaﬁtem N5 resteblishedc by quituring gan xguly) emizye miepaledgby Heiclear-
Mouse Enbryo A Laboratory Manual, Second Edition, Cold
tragssier Hgingza Bueleuaof Lasamgliceels and BSAells Gavindrgeges maglified by
A Practical Approach, IRL Press at Oxford University
genetisengineed)g. Sueh stenecalis candle prapairedblyamyNof known methods
01/088100). Further, enbryonic stemcells are
(seay &1l extanapler Wilnsytesti &I eNaturgad8,a81M(MOAM); Cibsiieet iz IStience,
avai |l abl e. For exanple, human ES cell such as KhES-1,
28KhE268 4mgodihESaguisl estavall,l altere Biotechnology, 17, 456 (1999);
Wakayama et. al., Nature, 394, 369 (1998); Wakayama et. al., Nature Genetics,
22, 127 (1999); Wakayama et. al., Proc. Natl. Acad. Sci. USA, 96, 14984 (1999);
Rideout et. al., Nature Genetics, 24, 109 (2000); Manipulating the Mouse Embryo
A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press
(1994); Gene Targeting, A Practical Approach, IRL Press at Oxford University
Press (1993); and International Publication No. 01/088100). Further, embryonic
stem cells are available from specified organizations or commercially available.
For example, human ES cell such as KhES-1, KhES-2 and KhES-3 are available
from Institute for Frontier Medical Sciences, Kyoto University. The term adult stem
cell includes any stem cells capable of differentiating to differentiated cells
described later. Neural stem cells, haematopoietic stem cells and mesenchymal

stem cells are preferred examples of adult stem cells.
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fromlnstitute for Frontier Medical Sciences, Kyoto

University. The termadult stemcell includes any stem
waeeios®3aapabl e of differentiating to differentPet/6e#2007/003636

cells described later. Neural stemcells,

haemat opoi etic stemcells and nesenchymal stemcells

are preferred exanples of adwtt stemcells. The stem

cell can be derived from warm bl ooded ani mal s such as

manmmal s (for exanple, primtes, Rodentia). In nore

detail, mammals includes humans, nonkeys, nice, rats,
a S, i
TR BRG] B SRR o Bt oyl o Sgpammae o

ex%&@lﬁegﬁﬂlpﬁatg ri oecfepfirg?gh?{,\fngﬁé Z&%r}pﬁmng#ggﬁicldr&% humans,
R S, UL BB, AR, o, i
caltoRoises AIcLoSatho T i SEst fall BiF HeSTRpldPTtrgn Pimates such

Di ssociated cells include a single cell and cells

ashuNiRdYy formed a small cell clunp (aggregate) of
several (typically about 2 to 50, 2 to 20, or 2 to 10)
cells. The dissociated cells can be suspended

(floating) cells or adhered cells. For exanple, it has

Theestenk tohe tFEmited| with auBRORK inhikiter EBansding ter ghe present
susceptible to specific conditions such as

inveéntien daat e digsacited cels pemonetissadiatedeceadist dhe dissociated cells
di ssoci ation). The nethods of the present invention

refenve qedls ttreated riousrenwite rcetlhdissoaatiarel(fori exasuile e the tdissociation
conditions at which hitherto cell death would have

desaribed Bder) TDissbaizted eelishidchudesa Bingle cehtanancdiediaving formed a
inhibitors generally are suitable without |imtation

sl defirdurdp (ag%iggaité)i dfever) (intda!nyfa_bbbeszrs@t, Pap 20 or 2 to 10)
Rho- ki nase ( , and suitable inhibitors include

cells. AHe3dissb QbR @in BeLE@spdricdsibafid) &lis dfladhehdd cells. For

example, it has been known that ES cells such as human ES cells are susceptible

to specific conditions such as dissociation (and/or suspension culture after

dissociation). The methods of the present invention have particular use when the

stem cell is subject to conditions at which hitherto cell death would have occurred.

To practice the present invention ROCK inhibitors generally are suitable without
limitation so long as an inhibitor can inhibit the function of Rho-kinase (ROCK),
and suitable inhibitors include Y-27632 (for example, refer to Ishizaki et. al., Mol.
Pharmacol. 57, 976-983 (2000); Narumiya et. al., Methods Enzymol. 325,273-284
(2000)), Fasudil (also referred to as HA1077) (for example, refer to Uenata et. al.,
Nature 389: 990-994 (1997)), H-1152 (for example, refer to Sasaki et. al.,
Pharmacol. Ther. 93: 225-232 (2002)), Wf-536 (for example, refer to Nakajima et.
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Phar macol . 57, 976-983 (2000); Narumya et. al.,

Met hods Enzynol . 325, 273-284 (2000)), Fasudil (also
wo edogisad t o as HA1077) (for exanple, refer toPUEGB2@7/003636

et. al., Nature 389: 990-994 (1997)), H 1152 (for

exanple, refer to Sasaki et. :gl., Phar macol . Ther. 93:

225-232 (2002)), W-536 (fo‘r'l xample, refer to

Nakajinma et.al., Cancer Chenother Pharmacol. 52(4):
1.3&8negich  PRafecbl 55485 i (30045) PRABEMA1 (described in
@ 547{%‘838 éﬁ%@déerrlijv%t Ives é%efeof, anlél adr??’sense (descr

14C ' 0 ; [ r Jud I ; ;

U§‘n tént 53?8%3%) %n%w%sﬂﬁiﬁﬁ? M%Qtlggﬁgée "Wicleic acid for

cl éicacl for exanple, conp

R A B A AP o
pePlifeshoraBapR® hibRha PR AP SRRt 5P U Fagments.
B T e L

St at e Pat ent | jcatipon Nos. 20050209261 ,

low daelg¢das cem 0d'%7 ggwgm&gfggdgﬁ@@mmgwpounds or
20030125344 and 20030087919, and International Patent

depyaivesdheteof Ras beoalsp sised iy the present syyestion (tes cxgmple, refer to
2002/ 076976 and 2004/039796). In the present

Unitad Steteonateat Sppticatian Has 0201209261 m50%0m®4of209ﬁ@014755,
ROCK i nhi bitors can al so be used. According to the

2004002108, 20040002507, h20030d 25344 1anca A0B30AG 7849 @ndi International
the ROCK inhibitor in a nedium Thereby, the nedi um

PaterddPiblicatien ido$2063/06228¢€, B0e3/06091 8y 20080622889, 2002/076976
al ready contain the ROCK i nhibitor or alternatively,

antl (20040 397@8).olh thegrpsesteinventiore i combimagionrofanecorltwo or more
step of adding the ROCK inhibitor to the nedium The

of e ROOK mhisHoretah s BEKsethi bitor in the nmediumis
particularly not limted as far as it can achi eve the

desired effects such as the inproved

According to the present invention, the stem cell can be treated with the ROCK
inhibitor in a medium. Thereby, the medium used in the methods of the present
invention may already contain the ROCK inhibitor or alternatively, the methods of
the present invention may involve a step of adding the ROCK inhibitor to the
medium. The concentration of the ROCK inhibitor in the medium is pérticularly
not limited as far as it can achieve the desired effects such as the improved
survival rate of stem cells. For example, when Y-27632 is used as the ROCK
inhibitor, it can be used at the concentration of preferably about 0.01 to about
1000 pM, more preferably about 0.1 to about 100 pM, further more preferably
about 1.0 to about 30 pM, and most preferably about 2.0 to 20 uM. When
Fasudil/lHA1077 is used as the ROCK inhibitor, it can be used at about twofold the
aforementvioned Y-27632 concentration. When H-1152 is used as the ROCK
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survival rate of stemcells. For exanple, when Y-27632

is used as the ROCK inhibitor, it can be used at the
w@orvsmesiii@t i on of preferably about 0.01 to aboReT/GBR®7/003636

mM nore preferably about 0.1 to about 100 mM further

nore preferably about 1.0 to, about 30 mM and nost

preferably about 2.0 to 20 mM "When Fasudi |/ HA1077 is

used as the ROCK inhibitor, it can be used at about

mrﬁwmfrollti &dre @é%@é@”&ﬂ Oélﬁﬁ:tY1%W%f0%eaﬁo?&bbﬁﬁonéwem7632

1152 is used as the ROCKi nhibitor, it can be used
coﬁ‘@é}HFaIHWth of the aforenenti oned Y-27632
concentration. The tine for treating with the ROCK
inhibitor is particularly not limted as long as it is
atine duration for which the desired effects such as

AT YT By
o STHILA Dl fhﬁ%ﬁ'fggneféﬁ@%@?i%%ﬁﬁgﬂ@w%ve&

out ne ho ef or d,i_ssomat

of aF tm%etﬂ SRHoeXRAPE: 34@ |st%anc%b's a human

reated with the ROCKlnhl bi tor for for exa
emigaiic s1EM Gl NG tf%?tﬁ’&Hﬁ mfemmy qboiit 497 r@ﬂpt@@tte several
The density of the stem cel ] ( to be treated with the
hoggsfe.9nrahsiut einej oy haferg @hssyclﬁts@m iAftaredisseciation, dbe human
it is a density at which the desired effects such as
embryonieiteegels veni baltreated with ShenROGK dnljkitoméor, for example,
achieved. It is preferably about 1.0 x 101 to 1.0 x

abaui71Z bours/ en moredtocaghiefeethabdgsiradeffects.0 x 102 to 1.0 x

107 cells/m, further nore preferably about 1.0 x 103

to 1.0 x 107 cells/ M, and nost preferably about 3.0 x

104 to 1.0 x 106 cells/m. The nethods of the present
Thé niedsity ofi theastehiceil) to by dlevtechwith éhe HOGKSARBItAE isnsarticularly
not limited as far as it is a density at which the desired effects such as the
improved survival rate of stem cells can be achieved. It is preferably about 1.0 x
10" to 1.0 x 107 cells/ml, more preferably about 1.0 x 10% to 1.0 x 107 cells/ml,
further more preferably about 1.0 x 10° to 1.0 x 107 cells/ml, and most preferably

about 3.0 x 10* to 1.0 x 108 cells/ml.

The methods of the present invention can further involve a step of dissociating
stem cells. Stem cell dissociation can be performed using any known procedures.
These procedures include treatments with a chelating agent (such as EDTA), an
enzyme (such as trypsin, collagenase), or the like, and operations such as
mechanical dissociation (such as pipetting). The stem cell(s) can be treated with
the ROCK inhibitor before and/or after dissociation. For example, the stem cell(s)

can be treated only after dissociation. The treatment of the stem celi(s) with the
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stemcells. Stemcell dissociation can be perforned

usi ng any known procedures. These procedures include
woe@anssEami s with a chel ati ng agent (such as EDI&)/GBagw7/003636

enzynme (such as trypsin, collagenase), or the |iKke,

and operations such as nechani cal dissociation (such

as pipetting). The sten1ce|11%) can be treated with

the ROCK inhibitor before and/or after dissociation.

R(g(?;t(ér SBRSY &n bggsst}e 'B&JE 568{/ can be treated only

| ssocl-ation. Feattrent of the stem cel | (s)
Wi th theROCK i nhibitor can be as described above. The
cul turing conditions according to the present

appr,o a def ned endi .ng _on .
TS e diorty afRH MLl kB BrenRbt BRESERR Sl aPBrppriately
rovides a_nmediumto sed in the 0
deffpel 9?@9@%@19' o & m%d'umnﬁ@%mn?%{@c Sl ng NegPisaNt invention
prese i nve tlo ar ed medi ym t o, be
alspugvidgs a Sﬁgl"ﬁ) E‘:‘lﬁp %?Qt%ﬁa@ﬁ?eﬂém’%ﬂﬂo”
As the basal medl um any of BME, BGJb, CVRL 1066,
d asgow MEM | nproved MEM Zinc Option, | MDM Medi um
199, Eagle MEM aMEM DMEM Ham RPM 1640, and
Theirsediem aceasding, toathevreserisinuentiaroawn hethreparechusiagfa medium
can be used, but the nediumis not particularly

to e riseddor ieuiteting asimalr cells ag its hasalemedinf dvs thel basal mgedium,
animal cells. The nmedi um according to the present

any rof biliEg BGdp, BMRL sH6enGlasgaw i oimpreved KIEdM Zinc Option,
medi um The serumfree nmediumrefers to nedia with no

IMDNR) MediesetOSrEaylie MIEK, etEM DMEMJHaes REMIIBEH0, swd Fischer’s
include nmedia with purified bl ood-derived conponents

media, 2y Well d9 any eotbinatithsChsRsuTainsbé sigell, Bat tHeoWddium is not
factors). Fromthe aspect of preventing contan nation

paiticiriheihfifeRDmpeestasar BB it ¢ier be 68ed %mm@:ﬁhg anfRBHERIls.
can be derived fromthe same ani mal as

The medium according to the present invention can be a serum-containing or
serum-free medium. The serum-free medium refers to media with no
unprocessed or unpurified serum and accordingly, can include media with purified
blood-derived components or animal tissue-derived components (such as growth
factors). From the aspect of preventing contamination with heterogeneous
animal-derived components, serum can be derived from the same animal as that

of the stem celi(s).

The medium according to the present invention may contain or may not contain
any alternatives to serum. The alternatives to serum can include materials which
appropriately contain albumin (such as lipid-rich albumin, albumin substitutes

such as recombinant albumin, plant starch, dextrans and protein hydrolysates),
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of the stemcell(s). The nedium according to the

present invention nmay contain or nmay not contain any
W@bkaen0sHto ves to serum The alternatives to sePCIGBaN7/003636

i nclude materials which appropriately contain al bumn

(such as lipid-rich albumn, album n substitutes such

as reconbi nant al bum n, pl ani®starch, dextrans and

protein hydrolysates),transferrin (or other iron

o REERI %, D). 800l AL Kptacen precuror,
oo AP S o SIRIE e g T

ARG 1R SETR 647 B #Ro?@%'{ﬁor §§'¢ anrdid gispfs 3%?‘&6‘%@3"@“6'
conveni ence.

materials can be ufs
Pubieaiian: Ner98/38049. 95|ee<aﬁm'%r i i%na%%@ykﬁ%mﬁwa"v available
Serum Repl acenent (KSR), Chem cally-defined Lip
majerialencant bl Ysshdey  marRl cCanyeRieRsS( G H&%)Conﬂ?@fqﬁ'&’ eﬂw"able
of the present invention can also contain fatty aci
maienalrspnqudeMWﬁoutSawmﬁma@@ﬂﬂ@h(@gbr@h@w%ﬂvwﬂmd Lipid
acids), vitamn(s), growth factors, cytokines,
coneerteated 4Gibas)panchGddsmax- (Rbeipt oet hanol , pyruvic
acid, buffering agents, and inorganic salts. The
concentration of 2- mer capt oet hanol can be, for
exanpl e, about 0.05 to 1.0 nM and preferably about
The. rhetliun® ob thdVprazeint irention @aint alsd icontais fatéy acidslarlipyds, amino
not limted thereto as long as it is appropriate for

acit! (suehns hoe-csbemtialedrhing) acids); Withig(sy, egroelth daetdrd, atytokines,
culturing the stemcell(s) can include, but is

anﬁéh&lbﬁﬂ's@bétﬁn&é% Qin'?érbﬁﬁtde%arfdlanruvfd asle, fsuffdringSagents, and
culture, dish, petri dish, dish for tissue culture,

mdfyéltn'c Qélﬁsh 'FWe%?‘ncE&rﬁFa%on%ﬁQQn%abtd&tﬁél%l 831 e, for example,
pfate, multi-well plate, mcro slid

about 0.05 to 1.0 mM, and preferably about 0.1 to 0.5 mM, but the concentration
is particularly not limited thereto as long as it is appropriate for culturing the stem

cell(s).

A culture vessel used for culturing the stem cell(s) can include, but is particularly
not limited to: flask, flask for tissue culture, dish, petri dish, dish for tissue culture,
multi dish, micro plate, micro-well plate, multi plate, multi-well plate, micro slide,
chamber slide, schale, tube, tray, culture bag, and roller bottle, as long as it is

capable of culturing the stem cells therein.

The culture vessel can be cellular adhesive or non-adhesive and selected
depending on the purpose. The cellular adhesive culture vessel can be coated

with any of substrates for cell adhesion such as extracellular matrix (ECM) to
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chanber slide, schale, tube, tray, culture bag, and

roller bottle, as long as it is capable of culturing
W b@smsam cel | s therein. The culture vessel caPCEB2007/003636

cel lul ar adhesive or non-adhesive and sel ected

dependi ng on the purpose. The_cel |l ul ar adhesive

cul ture vessel can be coatedldirth any of substrates

for cell adhesion such as extracellular matrix (ECM
imbiRIVERREHAINER R eAEES ) ¥ u te f

%he cells. ?’ﬁg sg sirate gfg%@%‘ae ad ggegﬁ (‘;I;h% gsgrra]lye or cel

BRI At I r .

adﬁ%"%s‘?& .b%_l_ﬁﬂs‘ii?ﬂ%fseﬁragiitéﬁﬁbcfﬁgr%tfég:hh&eﬂ{ cfeﬁgqﬁufgggé} Rells (i

€ su or cel esion 1 nc

sl TE"suae 1ot 8P ksl ShEre dofiabeh 3 Rfi, pov-Liysine
oo Rl T b 8 RS Wit
angaysarell igimBRnmoenaitone SRiranskeDenbat 2l 2obs. kanset 365:

u to 400C and preferably about 37C but

p1§ggf{@g rly not linited to them The C2

concentration can be about 1 to 10% and preferably

about 2 to 5% The oxygen tension can be 1-10% The

met hods of the present invention can be used for
Othgiheyltering (gangiéonsy cenehecapprpriptely estefifsice.  Far tenasple, the

case, the cells can be cultured in the presence of
culfwringeteropéenaturel ean the abgt 3B dpedQ9e ahdepleferablyl abaute37°C but

used in the nethods of the present invention, stromal
padiculaglysnaihlinaited deittbémf | Dhel@s cencantratmnusan baesab@sderto 10%

cells (for exanmple, refer to; Manipul ating the Muse
andEpbefemably Bbbot 2t 696. Nieustygehidension dntbeom™105) d

Spring Harbor Laboratory Press (1994); Cene Targeting,

A Practical Approach, IRL Press at Oxford University

Press (1993); Martin, Proc. Natl. Acad.
The methods of the present invention can be used for adhesion culture of stem
cells, for example. In this case, the cells can be cultured in the presence of feeder
cells. In the case where the feeder cells are used in the methods of the present
invention, stromal cells such as foetal fibroblasts can be used as feeder' celis (for
example, refer to; Manipulating the Mouse Embryo A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory Press (1994); Gene Targeting, A Practical
Approach, IRL Press at Oxford University Press (1993); Martin, Proc. Natl. Acad.
Sci. USA, 78, 7634 (1981); Evans et. Al., Nature, 292, 154 (1981); Jainchill et al.,
J. Virol,, 4, 549 (1969);Nakano et al., Science, 272, 722 (1996); Kodama et al., J.
Cell. Physiol., 112, 89 (1982); and International Publication Nos. 01/088100 and

2005/080554).

The methods of the present invention can be also used for a suspension culture of
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Sci. USA, 78, 7634 (1981); Evans et. Al., Nature, 292,
154 (1981); Jainchill et al., J. Virol., 4, 549
w@ 1®80351Nekano et al ., Science, 272, 722 (1996)CT/KBa@MM03636
et al., J. Cell. Physiol., 112, 89 (1982); and
I nternational Publication Nos. 01/088100 and
2005/ 080554) . The met hods of 18 he present invention can
be al so used for a suspension culture ofstemcells,

stepf 4t r‘%‘f@#i‘@eﬁﬁﬁﬁfﬁ%t%ﬁﬁ "L R (GRaBe An Y al
g atafcndian upElhiahEh ity hEdia AL \WAREY sielfS Paten
20b R I *gfréﬁps&%'f’teﬁégﬁhél i e JgEL ol meangofnat the
Stei‘i? g ® élr‘lf? sclﬂ' tH [4% IHBQS%I ggﬁ@gﬁgr%{ﬂe Y l@[)ﬂer{]ﬁl:l Enrgggtlg{:tgheth%f culture

cell s and an a%%regate suspensiqn culture of stem

vesseal o foada Gal il sabi AMmeuRll the suspensiaheuliesf stem cells
means t hat suspended stemcells is cultured, and the

incidasor idiaspsiation| aulties of stone selisrnd anmagargeatensisspagIsion culture
single stemcell or those of small cell aggregates

of stempeelisl dhedepnutiasocigtiart culfure dfsiterm ¢elisr merasihat suspended
about 2 to 20 cells). Wen the aforenenti oned

steith sets istulburedyulandrtbei dissmiationuedliureef steimt celisdinclude those of
di ssoci ated cells forma | arger aggregate of stem

singd blem galll ot tews=ndf small tel gyesgHtes soaesedaf a pluralite of stem
can be perforned. The aggregate suspension culture

celld) ¢lor @xantle, eaibstoR do Qg belllsﬁ) mMaihiepdthesaforédabhtioned dissociation

al., Curr. Opin. Cell Biol. , 862-869 (1995)), and a

cuﬁﬁ%&s”@éﬁtﬂ@e@%hér@m@r@& @llssomél@dubéllé\lmm?aﬂa?géle aggregate of
288- 296 (2005) I nt er nat'i onal Publication No.

ste%ﬁ%%/u&%ﬁ&?ther%r@% '%\@%?egbfteteﬂ% Ehgr@ﬁnéumnéeéad 88 Féformed.

significantly inprove the survival rate and

Thel b&e6atd QUsPEnSbhT &iifNeYinBlides &R Erhb§oid culture method (see
Keller et al.,, Curr. Opin. Cell Biol. 7, 862-869 (1995)), and a SFEB method

(Watanabe et al, Nature Neuroscience 8, 288-296 (2005); International
Publication No. 2005/123902). The methods of the present invention can
significantly improve the survival rate and/or differentiation efficiency of stem cells

in a suspension culture.

The methods of the present invention can be used as stem cell subculture
methods. Therefore, the methods of the present invention can involve a step of
collecting/plating stem cells. According to the methods of the present invention, a
higher survival rate and improved proliferation potency can be achieved. For
example, conventionally, the survival rate of the dissociated human ES cells was

very low and could not be grown sufficiently. According to the methods of the
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in a suspension culture. The nethods of the present

i nvention can be used as stemcell subcul ture nethods.
w(ah@sessare, the nethods of the present inventiPCI/GBR007/003636

i nvolve a step of collecting/plating stemcells.

According to the nethods of {l%e present invention, a

hi gher survival rate and inproved proliferation

pot ency can be achi eved. For exanple, conventionally,

prédet SR théthfgrr uUraivel ﬁa‘%@%f%@%ﬁ?h?ﬁ@@%teﬁﬁgurﬁl improved

was very | ow and coul d not be grown su clen .

pr ér%ﬁghg}ﬂ)téﬁc\:}fapgn 1) Qgﬂéyﬁcﬁ. tﬁt}%ﬁcﬁé@% ’éqef}sﬁégﬁ%@é‘ of th€ present

higher survival rate e huma :
B oA 0 RS o0 B A 5 . whi

vk L4 I Bl 2S5 RS ) o e

.sinale cells (or a small aggregatiop of cells) to pe
cis§pEist ftEacidpirihach coltnBr SRR firBeshre tbeimgthods of the
. furthernore, the thods of the invention can, pronote
'“V?Hﬁo'%f?%ipéﬂ@g?t%ffﬂgr% ClgnS¥ ovfe AN iscoyery yands splety s igsts (for
exanpl e, hi gh throughput screening) using stemcells.

eXamp I g mﬁguewtmm@g)owswét%v sslnt IN adeiHen ohe methods of
provi de for easy screening/subcloning of ) )

theygnesentalinvantiont Peervide efarcepsy sWaRRREEUbEIGNRG 0of genetically-
hQnDIogousIY-reconbined cells) and safer and nore

magifiasheieavoelissdneckedrin and/er soaalegously-reponiinedwellslagnd safer
applications. The nethods of the present invention

anch|raoreh homogenanva gereaning hodta shey oadisiing fommislakicad tagplications.
cells retaining undifferentiated properties of stem

Theehéthods tdidioe pregeit inventionealso dialve exdyantagasoin that thesyresult in
The nmet hods of the present invention can be used

thenstiehs telisebtaining shdifferatitiatetl pfopeetidd of siem céewitheleimpairing
the nethods of the present invention can involve a

theltdifferentiation potency.

The methods of the present invention can be used whilst inducing stem cell
differentiation. Therefore, the methods of the present invention can involve a step
of inducing stem cell differentiation. Any known method can be employed for
inducing stem cell differentiation. Examples of the cells to be produced through
stem cell differentiation include endodermal cells (Sox17 or AFP marker positive
cells, etc.), mesodermal cells (Brachyury, Flk1, Mox marker positive cells, etc.),
and ectodermal cells. Examples of the ectodermal cells include neural cells
(NCAM, TuJd1, tyrosine hydroxylase (TH), serotonin, nestin, MAP2, MAP2ab,
NeuN, GABA, glutamate, ChAT, or Sox1 marker positive cells, etc.), epidermal
cells (cytokeratin marker positive cells, etc.), sensory cells (RPE or rhodopsin

marker positive cells, etc.), pigmentary cells (TRP-1 marker positive cells, etc.),
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of inducing stemcell differentiation. Any known
nmet hod can be enpl oyed for inducing stemcell

walpdoBesamd i ati on. Exanples of the cells to be pPeDGBR®A003636
t hrough stemcell differentiation include endoder nal
cell's (Sox17 or AFP marker positive cells, etc.),
nmesodermal cells (Brachyuryj2QZrkl , Mox marker
positive cells, etc.), and ectodermal cells. Exanples

an% éld}s %f%s‘s?%%gﬁﬁh ﬁ%&éﬁcﬂygﬁ%#@ﬁ{sﬂ&w\ rg%?kérsﬂéé‘fﬁ@é\"ceus etc).
Thr&rﬂggEEBNﬁgeﬁﬁ?? V(S'S% WP@AEQ%‘%&J"%%E%@ 88096 Lzoa%lentematlonal
Puel G B2 roBpB i e oo BreBrdbd in R Bty systom

ceff STRh LA el 1t Gt el helil cielik) Ak theF Reequsgars, from
the\& 5,7l ker Rt thisGast Aaorsei bosisedadfolpiesHadel BRiitors (Lefty-

Publ i cati on No. 2005/123902) can be used to preferably

A, 'Lrﬁﬂ'iyc% heftyduslefiyst e solible O%dﬁcaatqn%uf\l@ﬁaﬁanﬂbodles Nodal
(e.g. cerebral neural ceIIs) and their precursors,

reqepmﬁ inhibitess,cetcl)s Wihintibitors 4Dk 1 £ Serberas erotdins,uldé receptor
as follows; Nodal inhibitors (Lefty- A Lefty-B,

inhikdforsy,- BOJUQ@thZJemtqu eWxddahtibediest @aseinNddizase inhibitors,
anti bodi es; Nodal receptor inhibitors, etc.); Wit

dommartbirtezgaﬁve DiVkil prot€msbetals mBmmmhinrsr(aaﬁmMP antibodies,
i nhibitors, soluble Wit receptors, Wit anti bodi es,

solobleeBN Fk revapéors N BIMP receptodiniibiand, etegatdccerdiy to the methods
proteins, etc.); and BMP inhibitors (anti-BM

of ¢ pmmﬁnv@ﬁlo\ﬂbhhe Bl esiRpIfor exalidit,’ RGRBhOES cells) can be
inhibitors, etc.). According to the net hods of the

efﬂ@feﬁﬂ? fdiffér@MﬁélbUQHto $hecifdeaelRe! The tidthodX Bfeeprdd8ARMvention
ES cells) can be efficiently differentiated into

ha@%ﬁér%%té@es 1 endtet BQH%(—:QE)réfQFabW %§§8tm'dm§|“mé‘l’ﬁ‘ods (for
have further advantages in can be preferably

exatpR, id S‘Eflﬂ%ef?&d?oéji\l\ﬁéﬁrmethod, a method using PA6 cells), which

enable the stem cells to be differentiated into neural cells (forebrain neural cells

and/or cerebral dorsal (cortical region) cells and cerebral ventral (basal ganglion

region) cells).

The present invention provides a cell preparation obtained by the methods of the
present invention and/or the above-mentioned dissociation treatments. The cell
preparation of the present invention preferably includes a stem cell and a ROCK
inhibitor. A cell preparation of the present invention can be a preparation
comprising dissociated celis such as small cell aggregates composed of a plurality
of single cells. Conventionally, the survival rate of human ES cells subjected to

dissociation treatment was extremely low, however, such a cell preparation can
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exanpl e, a SDI A nethod, a AMED net hod, a nethod using
PA6 cells), which enable the stemcells to be

walpdoBesamd i ated i nto neural cells (forebrain neCr/&B2007/003636
cells and/or cerebral dorsal (cortical region) cells
and cerebral ventral (basal ganglion region) cells).
The present invention providg%-a cell preparation
obt ai ned by the nethods of the present invention

._and/or the .above-nentione IS i atig .
miiece Sy Akt PERMToR R SE Rty B e SRHTERS such as ES
referab i ncludes a stemcell and .a Lphibitor.

cefif cuRiTBPY N i BPu1eh SHh Eeliy S9ADaMErgAP DAL neRy The cell
preparation conprising.dissociated cells such_as, small

preparation gf &@a@@eebwsgﬁan,ﬁf SXWB%aP?mP%PS% F&iﬁ@e Sorage (for
cells. Conventionally, the survival rate of huHFn ﬁg

exgelple eBpEsea@tian) ntet franseert (ofesier fells R the subculture of
extremely | ow, however, such _a cell preparation ,

stemrtalisr oMhenhibescell preparation i used ffok ther crvgnreservation of stem
efficiency of the stemcells such as ES cells,

celis,ether el prepanatioroof Hepregsent dmandionsgarafither include the above
preferably human. The cell preparation of the present

desonilsed semim bosulestituiel thereninoban ogahid solvenk(fet examele, DMSO).
(for exanple, cryopreservation) and/or transport of

In $hienese), ltise @ontbetratidre of seren ar substitutel thereoffomm béebut is not
cell preparation is used for the cryopreservation of

linfife)iNtoC abbet 115086 ¢elv), prefpabigtalout &20%e(viv)esEm concentration of
i nventi on can further include the above descri bed

or§&nit BoRend BS bt YuEistritRliffifed 18! aboUtW-88% G/ B0 brefetably about 5-
%ﬁr exanple, DMSO). In this case, the coﬁ/c\z)n!or ati ony

209 r@ﬁgy@&ﬁp%%ﬁé t3it @ickBeeRPbdmidhtBcof B ihdertin can include
lTmted to, about 1-50% (v/v), preferably about 5-20%

V) ' f i Vi
d rRBHeFaANIPDE,
seé%ré‘u c%rsca-rﬁgkfe %%ﬁ?ggé%{ a omﬂ?t‘é -5 %ﬁ‘f\w&), preeferabl y
about 5- 20% (v/v). Conpositions of these enbodi nents
of the invention can include

The present invention provides a culture agent of stem cells comprising a ROCK
inhibitor. Generally, the culture agent will be a culture medium for stem cells. The
culture agent of the present invention can be preferably used in the culture

methods of the present invention.

The present invention also provides a combination comprising a ROCK inhibitor
and other components. For example, the combination of the present invention
can be used for culturing of stem cells (for example, passage culture,

differentiation induction culture).

For example, the combination of the present invention may be a composition.

The composition of the present invention can be provided in the form of a mixture
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serum or can be serumfree and separately can include

feeder cells. The present invention provides a culture
w@o@an3afo stem cel |l s conprising a ROCK i nhi bi t B€T/GB2007/003636

Generally, the culture agent will be a culture nmedium

for stemcells. The culture agent of the present

i nvention can be preferably22sed in the culture

met hods of the present invention. The present

i nvention also provides a co
of REGCKrRHODANAMNE SO AHPSR g@%ﬁ%ﬁg Whigh can be

conbi nation of the present invention can be f%) |
includeduiin riyeofcorpesition 105 theoPresefipinveniial G dEul [, grampie:

di fferentiation induction culture). For exa %
differeriiiatianiafusiment egentsseinsteoelit $legh ﬁﬁ;ﬂle%nE igtion Mibitors of

conposition. The conposition of the {Jresent i nvention
stepra el (for exardply, sarurheFG6r Mo BMP, MRt @ne@xt racefigiek matrix, TGF-

i nhi bitor and ot her conponents. The ot her conponents

B, whiegher aall)p andndiffedkediation tiheucaysod sstemoeellsf (fohexample, a BMP
present invention include, for exanple:

inhibifdkenanknt ahiBiorad Metiaeithisientetinoic atidmseeims aguextracellular
as differentiation inhibitors of stemcells (for

meﬁﬁﬁ‘”EHee feé&éﬂ&bllf@ﬁch L&&, mBMEhchintal eelisyx tsawell| a$ ghe culture
mat’ri X, b, a feeder cell), and differentiation

adbfﬁ% C(?drs?ﬁ)m@be Rte! 3-ndrbaBtoet el cammoBaBds aittyi ackds and the

a 'Nodal inhibitor, retinoic acid,

Oﬂ—ie?rf &br?& [t{e@cgﬁ\;éwr matri x, the feeder cells such

senc as well as the culture additive
(for exarrpl e, KSR, 2-nercaptoethanol, am no acids,
fatty acids and the other factors described above).

Th% c?orﬁ&ﬁg @r"fl tptfhﬁ &reﬁéngm%ﬁ Eaﬁ BIRMd Q'kitC AheakifLoltBedpresent

resent rnvention can conprise a

mv%%%}énlcréw ck:)c|>r$18rr|se N0 BRI NI AR St EQRDBhENYS ddpafatedy (ie. a

non-mixed manner). For example, the kit of the present invention can be provided
in the form of the each component being packaged in a container individually.
The other components which can be contained in the kit of the present invention
include, for example: the other components mentioned above, which can be
included in the composition of the present invention; a material for identification or
measurement (detection or quantification) of stem cells or differentiated cells (for
example, an antibody against the cell marker); a cell culture medium; a container
for culturing which is treated with an extracellular matrix; a plasmid for genetic

recombination and a selective agent thereof.

The present invention also provides a culture system wherein stem cells and a
ROCK inhibitor are contained in a medium. The culture system of the present

invention can contain stem cells in the medium of the present invention. The
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non- m xed manner). For exanple, the kit of the present

i nvention can be provided in the formof the each
w@evposiant bei ng packaged in a container indivPCuaBRop7/003636

The ot her conponents which can be contained in the kit

of the present invention include, for exanple: the

ot her conponents nenti oned -&%ve, which can be

i ncluded in the conposition of the present invention;

a material for identification aqr asur.enent

Jprtke

culturetsystanaof ghe gragant f\ealPs AN LRorda|n cell pulture factors in a

differentiated cells (for exanple, an antibpd i NSt
medfemgether isark g compeBentscasciped i At iy Bihn 0 Taf Hhethods
for culturing which is treated with an extracellul ar
of theet piesenhimpleation sty agenteeder ceborall A SUPBArKgIMAtriX, a ROCK
sel ective agent thereof. The present invention also
inhisitor] des a culture systemwherein stemcells and a
ROCK i nhibitor are contained in a medium The culture
system of the present invention can contain stemcells
in the nedium of the present invention. Theculture

TheY opferstl dfhaliprgasiaatioms, e méloding arpatentt rend coateat napplication
cell culture factors in a nedium other than the

sp&&i efslenesd hethd pretehtbpedificationaarefullydncdrporated herein
net hods of the present invention, such as a feeder

byCrSl’érencfcéetdfr @qu}}gggé_ti ng matrix, a ROCK inhibitor. The

conten ubli cations, including patent and
pat ent application specifications referenced in the
present specification, are fully incorporated herein

oS HALHATIGE o i biesSll BEPuoTste profiacs smiioue!nolever e
AP E I LTl O REhg, Sggh, o Eramples are
~follow ng draw ngs; .
|Ilus?ratec¥\1)y ghe Foq]own'?g drawings:

Figure 1 - The ROCK inhibitor Y-27632 markedly increases the cloning efficiency
of hES cells (KhES-1) without affecting their pluripotency. (a-c) Low-dgnsity
culture of dissociated hES cells in the absence (a) and presence (b) of 10 uM Y-
27632 on MEF for seven days. Almost all colonies were positive for ALP. Bars,
500 pm. (c) Ratios of ALP+ colonies to the number of initially seeded hES cells
(**, P < 0.01 vs control, n =3). (d-f) Immunostaining of Y-27632-treated hES cell
colonies with anti-E-cadherin (d), -Oct3/4 (e) and -SSEA-4 (f) antibodies. Bottom
panels are nuclear DAPI staining. Bars,100 pm. Y-27632 treatment did not cause
a drastic change in actin-bundle formation of hES cells (not shown). (g) RT-PCR
analysis of the early mesodermal markers Brachyury and Meox1 in differentiating
hES cells. RT(-), G3PDH PCR without reverse transcription. (h) RT-PCR analysis

of the early endodermal marker Sox17 in differentiating ES cells. (i-k)
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Figure 1 - The ROCK inhibitor Y-27632 markedly

i ncreases the cloning efficiency of hES cells (KhES-1)
waowndobossii@f f ecting their pluripotency. (a-c) PCT/GB2007/003636

Lowdensity culture of dissociated hES cells in the

absence (a) and presence (b) of 10 mM Y- 27632 on MEF

for seven days. Alnpst all <24 enies were positive for

ALP. Bars, 500 nm (c) Ratios of ALP+ colonies to the

Imgbl,ﬁxpnunbg{gir%gifgi[:,;t%g l(r{ggsp;c?eperde ,ﬁjg{hE gﬁﬁbh%rnﬁél*ma?ke?SQnoaiffgﬁentiating
Y-27632-treated hES cell colonies , Wwth antj - E; in__.
NEGagells-an £ &l hamiber S GRaIES W PR L LT UritpTession

panel s are nuclear DAPI staining, Bars, 100 o

of ¥he Teesodereal mearketiRrapIUn ARD i arAsTPEr ohAlentiting cslls
actin-bundle formation of hES cells (not shgwn) QJ%) .

DAPRI- WaR used| fps insicleiar tstainingr (ojueieo Barndd Hrar (:frgmuriostaining of
Brachyury and Meoxi in differentiating hES cells, )

sITSbth ) MUSBIEDECHICRSMAhoed) rirvikESecelt Y2633t ireatedhylerived cells
RT- PCR anal ysis of the early endodernmal marker Sox17

cuitiiredi & AR cels iforg 1ESaysl Nudléi -werenstainest withi@Pt dlue). Bar, 5
t he mesodermal and endodernmal markers in _

pngli (k? ﬁhﬁmﬁqio@tdimq? E iR | st doR-caih8rimeih landiaS oetl-derived epithelial
coated with collTagen | and IV. (i) Expression of the

sh%_@??ﬁ@” . BT Sqlm.prxﬁ) Mepstod ffinaition 4100 @=20j from hES cells
|

erentiating cells. DAPI was used for nuclear

mah&lifed 8t (ow Hensify in tRR' predEndaof ¥127637nBI0sAsTagesy Bdrs, 1 cm.
nusc ( SMA; [

snoot e act’in red) in hES ce

Tr{eg?é%g\%ggl éﬁ&hﬁéip iARICtEShtE tht SCI MYuad 1e8tedPy). Peler © weeks,

clel” were stained with DAPI (bl ue).

th$ ﬁ@’ﬁ%{%& Céﬁtgin@@y @Smtﬂ}eﬂg?f;vyé'@-ﬁ%r&ﬁ%tgd cagdIRYd NMncluding

derived eprt eet on day 6. Bar,

e PR AU i Yo, bf ) i Pt ShihbRBRok arrow:

Y-27632 (30 passages). Bars, 1 cm The cells were
n)bilaterally injected into the SCI D nouse testes (I).
After 9 weeks,

Figure 2 - Y-27632 directly enhances the cloning efficiency of hES cells (KhES-1).
(a, b) Feeder cell-free culture of hES cells on matrigel-coated plates in MEF-
conditioned medium. Bars, 500 ym. Colony formation from dissociated hES cells
was clearly enhanced by Y-27632 (b; inset, a high magnification view of a typical
colony; bar, 100 um) whereas few colonies formed in its absence (a; < 0.2% and
10.2 + 1.2% without and with Y-27632, .respectively; P < 0.001, n = 3). (c, d)
Culture of a single hES cell on MEF in each well of a 96-well plate in the presence
of 10 uM Y-27632 for seven days. (c) Percentages of the presence of an ALP+
colony (d) in each well (**, P < 0.01 vs control, n = 3 studies). Control, untreated
cells. Bar, 100 um. (e, f) Formation of hygromycin-resistant colonies from Y-

27632-treated hES cells in low-density dissociation culture on MEF 12 days after
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the teratomas contained a m xture of

wel |l -differentiated tissues including nmacroscopic
w@2008i0bages (white arrows; m n) and pignent epCT/B8R000V3636

(black arrow; n). Figure 2 - Y-27632 directly enhances

the cloning efficiency of hES cells (KhES-1). (a, b)

Feeder cell-free culture of-24%S cells on

matri gel -coated plates in MeEFconditioned medium Bars,

500 mm Col ony formation from di ssoci at hES
transfeciorsabBarg, él,ﬁ]ﬁ)aumedebtj’hﬁsgmglg'afét)weimh e%ush&gé 2xpression.

magni fi cation view of a typical  col ony;
(g)vBeovethscifreey of diEcHiceds fcultviad o MEE "&'BBQWE‘%GQ%"lmQ ‘Enf‘l’ni@es of Y-

and 10.2 1.2%w thout and with Y-27632, resp LX
2763 % treafifént. Group3) (blye), YeB7632 reateast dyrigg pglrﬁE@ urs only

cell on MEF in each well of a 96-well plate in the
(Willi 8ReeRIr piretidatridnt); Z3168p X (ed) ovstindeyss Y732 treatment during
Percent ages of the presence of an ALP+ colony (d

thee aatiraveliture* périod; No Y02083%,sna dR27G32 treatmentsatja? é@yrple) For
Control, untreated cells. Bar, 100 nm (e, f)

eaEﬁrctsﬁaiu@n 9% 10w diseb¥iatatt c@us/ww(ﬁ wetil phatied svefre giated on MEF. **,
27632-treated hES cells in lowdensity dissociation

P E‘d.ér @&ﬂaayﬁ% oy gnat Begtnd@e{a/ (BF PententBges of Ki&Y+ (mitotic)

se-contrast view (f) Venus-G-P expression

cell ) Rt ﬁESvﬁllefunftﬁ%L@glt $bloy) bHE e () MAFdays B and 5. (i-n)

erent tine courses 27632 treatnent. Goup 1

Flé\ﬁ y&%m otfic % Rzeid LPRLIRIbiciddROedtiid péﬁ@laﬂ&wqurjst m) Flow-

our pre reatment); Goup 2 (re

o 5 R g va o
up&%q g#tg\,)eﬁcl):r?%h&ﬁf Ex;ﬁq?%ﬁ ) ﬁé\]a% gﬂéé&’@g@é@% yhase-spemﬁc

< 0.01, Gou

popetasmfa@agnqﬁh% 5ol [’noé él;b 1Y HFED (4, 0 days. (-0
dagl%lln*? PI <n 0%5OIJ‘QSP < 6 81 u8)rou ”9 vzs Foeu%)1 ?n =d?¥ﬁ1d§es‘5‘f‘?|hé degree of
increase in cell growth is not very large and cannot explain the robust increase of

cloning efficiency (1% vs 27%).

Figure 3 - The ROCK inhibitor prevents apoptosis and promotes survival of
dissociated hES cells (KhES-1) in suspension culture. (a-c) TUNEL assay.
Dissociated hES cells were cultured in suspension for two days in the absence (a)
or presence (b) of 10 yM Y-27632. TUNEL+ cells were analyzed by FACS. (c)
Effects of Y-27632, Caspase inhibitor | (Z-VAD-fmk) and a neurotrophin cocktail
(BDNF + NT-3 and -4) on percentages of apoptotic cells (**, P < 0.01; ™*, P <
0.001, between each pair; n = 3 studies). (d-f) Supportive effects of Y-27432 on
hES cell survival/growth in suspension culture. (d) Cell numbers two, four and six

days after culturing 2x105 dissociated hES cells in 35-mm plates (n = 3). On day
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FIl ow- cytonetric analysis of cell-cycle phase-specific

popul ations (i, j , I , mM Flowytonetry patterns. X
W@x008/033NA cont ent shown by 7- AAD-bi ndi ng; Y ar¢BEGBBIOdN3636

upt ake after a one-hour exposure (k, n) Relative

per cent ages of phase-specific popul ati ons anong the

hES cells in Goups 1 (bluepeand 2 (red) (i-k) day3.

(I-n) day 5. * , P<0.05 **, P <0.01, Goup 2 vs

Goup 1 (n = 3 studies). The de ree of in
6, effitiengoowation of nell ageegatesyes 2 Racredwih theor S7paP reated ES
robust increase of cloning efficiency (1%

cellsi @y bet Aot withe¢h&@oxtriohhells (e)r Bpree A% gmagg)pflmg g/gtgﬁa analysis
pronotes survival of dissociated hES cells (KhES

of Blesp@nession ofiPenbegteen)) OTUMELres s Ergashetinplie) F{E§%EB h-
cells were cultured in suspension for two days in th

culﬁh’é@ﬂﬁ%(o@]ls oth)pseisematic (db)thefcultorerpratoeab 3. Immp@gs,tammg of
I's were anal'yzed by FACS. (c) Effects of Y-27632,

hE§3<§é?lac$@r|\leﬂlhhéUrbDbells (n@uded-in IBHE Budcuttune uBHit (r@dhfﬁlﬂ (green),
cocktail (BDNF + NT-3 and -4) on percentages of

' i Rat sOnfIBE1+ dells virere Bogiiddg for the neuronal
DA}?‘P?BID%L %%’ggbp‘g‘?rmﬁe Bsst udi es), (d-f) Supportive

makdPRLPL Qfn) n%%ﬂﬁ%s@ﬂnh%gna%is SASNEBaH-Ingiuceti meunal cells. Bars,

suspensi culture nunbers two, four and siXx

253@{ maﬁ{e g eféﬂf% %m?tgqib(ﬁgeﬁhél&p@él@ttﬁdt iWeFe pebitise ifor Pax6 and

ay , efficient formation of

Nké Cgla,lglg ?e E?)t‘legs }Q@ﬁtr %ei hHoéﬁ@cﬁerﬁﬁs@%&)ﬂ$|€EBEhi|nduced

vvlth econtrol cel

neg%,scggg p%urgpl v&;gl%u-[((g?) WEI‘?@?’Q%{W % Jﬁ’ﬂ/lym (green k-n), Pax6

(regcgg‘ggaeééﬁg&g 1%%% n ,SFEB- hcul t ur ed hES cells (h)

ure protocol (i) |mmunostaining
of hES cell -derived neural cells induced i n SFEB-h

culture. Bfl (red), TuJl (green), DAPI (bI ue). Bar, 50
Not e t hat Bf 1+ ¢ e f
Flgnggr@naFAnal?/mssgfn%ES cells cu‘ture N the b presence of ?5?632 at low

density.(a-c) Immunostaining of E-cadherin (a), Oct3/4 (b) and SSEA-4 (c) in Y-
27632-treated hES cells (KhES-1) after extended passaging (30 times) at low
density with Y-27632 treatment. Lower panels show DAPI staining (blue). (d-9)
Histological analysis (hematoxylin-eosin staining, 5 UM paraffin section) of
teratoma tissues formed after subcapsular injection of hES cells (KhES-1)
following extended passaging with Y-27632 into SCID mouse testes. (d) Cartilage,
(e) neuroepithelium, (f) pigmented epithelium, and (g) gut-like mucosa with
columnar epithelium. (h,i) After extended passaging involving low-density culture
with Y-27632 treatment, efficient colony formation from dissociated hES cells
(32.5 + 1.7%; KhES-1) remained dependent on Y-27632 (i) and few colonies were
seen without it (h). (j) Dose-response relationship of two selective ROCK inhibitors

(Y-27632, Fasudil; the cloning efficiency was 1.3 + 0.8% and 25.1 + 1.6% without
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mar ker TuJL (j-n) | munostaini ng anal ysis of

SFEB- h-i nduced neural cells. Bars, 25 mm (j)
weeoosesitiages of Bf 1+ tel encephalic cells that mer/6B2007/003636

positive for Pax6 and Nkx2.1 (**, P < 0.01 vs control;

n = 3). | mmunocytochem stry of SFEB-h-induced neural

cells cultured without (k,I92bBr with (m n) Shh (30

nl\/p BfI (green k-n), Pax6 (red K, and Nkx2. 1

Fi e 4 - of hES .
anfrwith el ik diaseiogr Fr-<29683. 13 dpc g, §f eldled indde Shnibitors
| mmunost ai ni ng of E-cadherin_ (a ! 4
(cAIdBARD, L¥394004-orppatpnyti P@B?Bé” heaeh & é"»&%ré@“ﬁ?? of promoting
ft ded 0
acamtﬁcr)ﬁt?c;ctng,g@)?ﬁwgggig at w_lg'\,\é ' "egl hga,\%ﬁ]qncen}/ent of colony

staining (blue) (d-g) HlstoI0|caI anal s
forpiratiomt loy Y2 7638031 diffetentmiating eml@%péhéﬁnceltsctf@ <oQ 001 vs

teratoma tissues formed after subcapsul ar injection
cohtr8l (red treatnériy-i )= Holl) @bandiegt anmalysis fak 3691989 b@mcﬁ levels) of
Y-27632 into SCI D nouse testes (d) Cartil age,

(e)
hE® deheRKhASH3)ushowihy airpreval dcnggtypédll 00, I’Hr‘-Fd5X gfter extended
gut-like nmucosa with columar epithelium (h,i) After

m&niaRHed peesagiay vatH Y RTesRtedtmentiforshtee mohthste wi th
Y-27632 treatnent, efficient colony formation from

di ssoci at ed hES cel s (32.5 1.7% KhES-1) remained
dependent on Y-27632 (i) and few col oni es were seen

h ut feRPSNESlly BkisES AN sihi pugderisian culture
F'@%ﬁe 3] Nteﬁ@Kdlfféiélnt‘?Pgﬁsé (Y-27632, q)I(:asudlr)l t hgeIj

ln\%lgﬂgn@ déléﬁérﬁ%g%asu in I’cl(i)e %@%ﬁ’%%l%le %125@2’061? Effects of
B FRE LA A8 B DRSS s o
(1% %&%@ﬁ?ﬁ%@gy@g%egftdnoﬂ %ch‘ac#lfger\‘re%pa%ﬁw gMo Pax6+ neural
prg_gglzl?cpss< tgn%'@&%é@%mat%na& he tﬂ?ées fe‘cltc?@ (mc h<E§ @'*L SP < 0.01 vs

control: n = 3 studies). (b,c) Immunostaining of SFEB aggregates of hES cells
(day 24) cultured with Y-27632 (days 0-6) and the three inhibitors (days 0-24;
SFEB-h). (b) Pax6 (green) and E-cadherin (red). (c) Nestin (green) and Oct3/4
(red).

EXAMPLES

Example 1: Improvement in cloning efficiency of human embryonic stem

cells by ROCK inhibitor Y-27632

(Method)

The Human embryonic stem cells used for the experiments described herein were
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control (no treatnent), n = 5. (I) G banding anal ysi

(at 300-500 band | evels) of hES(c)eI I's (KhES%JB) ghg\?\/: ﬁg
w@208/0800 kar yot ype (100% n = 5) after extendedr/GB2007/003636

mai nt enance passaging with Y-27632 treatnment for three

months. Figure 5 - Neural differentiation of hES cells

(KhES-1) in suspension cultgge involving

di ssoci ati on/reaggregation in the presence of Y-27632.

(a) Effects of inhibitors. of Nodal n
embryopic2ptenweells SEHESy MKhbick2 ?”‘? jﬂééﬁ%ﬂ“B@%}ﬁimgsmwﬂs
mg/ M BMPRI A-Fc, |lane 4) on hES cel] different.i f\ti on

establishe@ain thedabaiatpyogh iieris Nakalsil, sat heNRIS fob rontier
the three factors (* , P < 0.05, * * P
ah

<
Medgieal Soienoes; Kyaso Udnivsisity( W Wﬁfﬁn@@f@]‘ﬁ@‘% gaoqh Ugpgg(mainly
aggregates of hES cells (day 24) cultured with Y. 27632
KhEQﬂlgSfoﬂo@i)ngﬂﬂm homarheabryomic teoy seif @ajdelioessof the (japanese
SFEB-h). (b) Pax6 (green) and E-cadherin (red) (c)
govesiknt. ( B &egordance @ithdhd rﬁeihd)i.of&b(&lbﬂka&tﬂi%a?qg[aéory; (Suemori
I mprovenent in cloning efficiency of human enbryonic

et at eBicaldr BopRACKRES T Siniiun. Y3456926-(32:(206)), Thadifferentiated

man enbryonic stemcells used for the experinents

| i . . . 't
hurﬂ%ﬁ%hl?%n[%ﬁéé%hg céﬁj@%ﬁé&%@%@?g% ?mﬁomfgﬁ) gymsht:gi hgmouse

oo ARt g ontE g o
of Qver ghbi pBLABaINET fiedichitliie Wheslumn @oneatingmaombpyising KSR
(Invitrogen/Gibco-BRL) at the final concentration of 20%, 1 X NEAA (non-essential
amino acids, Invitrogen/Gibco BRL), 2 mM L- glutaminic acid and 0.1 mM 2-
mercaptoethanol in D-MEM F12 (Sigma D6421) was used, and the culturing was
performed at 37°C, 5% CO.. Passaging was performed in every three or four
days, and the embryonic stem cells were detached from the feeder layer using the
dissociation liquid (containing 0.25% trypsin, 1 mg/ml collagenase IV solution, 1
mM CaCl, in a phosphate buffered saline; all of which from Invitrogen/Gibco-
BRL), followed by dissociated into small cell clumps (of about 50-100 cells) by

pipetting, and then were seeded on the feeder layer which had been formed from

seeding MEF on the day before.

The cell death inhibiting effect and the influence on cloning efficiency, of ROCK
inhibitor, for the human embryonic stem cell culture after dissociation to single
cells were examined as follows. The human embryonic stem cells as cultured
above were detached from the feeder layer as small cell clumps, and further

contaminating feeder cells were adhered to the bottom of a cellular adhesive
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KhES-1) follow ng the human enbryoni c stem cell

gui del i nes of the Japanese governnent. |n accordance

wowaok/0sd1e0 met hod of the Nakatsuji |aboratory (BUEGBR1I07/003636

et al., Biochem Bi ophys Res Commun. 345, 926- 32

(2006)), undifferentiated human enbryonic stemcells

were cultured on a plasticayulture dish with nouse

enbryonic fibroblasts (inactivated with mtomycin,

MEF) seeded as a feeder |ayer of cells. re . :
cult@ReGldfecaDlYh detntel tanate dDUnﬁQf@)?]‘f"&Q’nilﬁ’g '88%?@”59 n'é‘ the
- KSR (Invitrogen/ G bco-BRL) at the final concentratiaon stemn
maifEnafte clitird FAAiGmaat-&Cefari aile Aaithovharptisthe embryonic

I'nvitrogen/ G bco BRL), 2 mML- glutaninic acid and.O. %eeder
cell BMirdps 'S piaplseehhynadnére ©- VPRI Wisiegthe peatanyingig

used, and the culturing was perforned at 37C, 5%

CcQ2.
' i i to single
i NgineRs. ekl embR@niosterrecsll clhmps ware digsoeialps
cellgﬁgétﬁgg enbryonic stemcells were detached fromthe

ce||%i§/gf;§/?éri%@pﬁ%mgokb% %Fgmci EDTY 4t 871 %€ (erohtminvtey), and

, 1 ng/mM collagenase |V solution, 1

"y
seeffaqch AEr ROGIANGYEr hLdé aleacusiar phtesiat la dehsith(500 cells /

rogen co- BRL), followed by dissociated

03%&%2{6’ W ’mlcglj %eﬁ‘WSTﬁé’fnuﬁ%ﬂofﬁ‘BrrﬁQ@ coidried wag counted six

and then were seeded on the feeder |ayer

dayemb £l DARRG8InE HhaRib AR AARHS Hedin, OROOK idhibitor ¥-27652

‘e ting effect and the

wasip gdldgaggqim%gﬁgéq%g‘iin Rﬁ];éfisfée %’ﬂ@éqeoﬁo t i idbidcding the cells

cu re after

di ssociation to single cell B8 doasulfupé ligwae same
frompibenigedsT i%(ﬁ’y@ﬁ?‘gﬁ’%tsgm% I%}ﬁg?’ ﬁlgtmdre Cabove wer e
detached fromthe feeder |ayer as small cell

cl unps,
amanat aiter thedetdefithat i ng feeder cells were adhered to

the bottom of a cellular adhesiveculture plate (0.1%
gel ati ne coated) for renoving, by incubating in the

Also, to evaluate whether promotion of cloning would be caused by the autgcrine
factor of human embryonic stem cell, a similar experiment was performed in 96
well culture plates at clonal density (one cell per well) of human embryonic stem

cells, and the clonihg efficiency was determined.

(Result)

After six days culture the cloning efficiencies (ratios of the numbers of formed
colonies to the initial numbers of human embryonic stem cell seeded) were 1%
and 27% without and with the ROCK inhibitor, respectively. The cells in colonies
formed by the treatment with the ROCK inhibitor expressed alkaline phosphatase
and Oct3/4, which are markers for undifferentiated embryonic stem cells. The
superior effect of the ROCK inhibitor for cloning efficiency was confirmed not only

in KhES-1 but also KhES-2 and KhES-3 as human embryonic stem cells.
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mai nt enance cul ture nmedium at 37C for one hour,

wherein the enbryonic stemcell clunps do not strongly
w@oaddvsssit® the plate while the contam nating fRPEHEB2007/003636

cells strongly adhere. The enbryonic stemcell clunps

ware dissociated to single cells by trypsin digestion

(0.25% trypsin - EDTA, at 373¢-for 5 mnutes), and

seeded on a MEF feeder layer in 96 well culture plates

at low density (500 cells / 0.32cn2 in 0.15m of

medi um). The nunber of formed col onies was counted siXx

days after culture in the mai ntenance cul ture medi um )
Alsousing 86 wallplateszatedonalalenaityl éenencell per weliceiluran @mnbryonic

of 10 mM one hour prior to detaching the cells from
sterhecellectiver clbaipgr efficivdcien avararmmndaroiihtanda25 ddwitbotioand with the

culture in the same ampunt after the detachment. Al so,
RQAOKenhibitat, respettively. pThos; it evasotondidaiedgthab tihal shperior effect of

caused by the autocrine factor of human enbryonic stem
the ROCKainhibtior for elanirg effitiengyswasriatr dosl té rarb@uteekihe factor of

culture plates at clonal density (one cell per well)
huBfarhemBRy P s cell.st em cel |'s, and the cloning

efficiency was determ ned. (Result) After six days

culture the cloning efficiencies (ratios of the

nunbers of fornmed colonies to the initial nunbers of

R | t A/ &
A e B R AR YR SRR improyed the
I ' j treatnment with the

S”M’cf?"ﬁ:k? fgﬂrg?h %xﬁqurrgé@g %téaﬁ‘ Iéaeplgn e phosphat ase and

Oct 3/4, which are markers for undifferentiated

enbryonic stemcells. The superior effect of the ROCK

EAgAR 2 KothPdtich SPRAD i GsSoERLa Wiin§R UrhBTShIE Stom cells

(Method)

The maintenance culture of human embryonic stem cells was performed by

passages of small cell clumps as described in Example 1.

As described in Example 1, human embryonic stem cells were dissociated fo

single cells by trypsin digestion, suspended in the culture medium for

maintenance culture, and incubated at 37°C. The cells were collected by
centrifugation after 0 minutes, 15 minutes, 30 minutes, 60 minutes, 120 minutes of
the incubation, and subsequently treated with The small GTPase activation kit
(Cytoskeleton company, Denver, CO) following the manufacturer's instruction, and
analyzed by Pull down method. Activation of Rho was judged on the basis of
increases in the ratio of activated Rho (GTP associated Rho) to total Rho by

Western blotting. A sample of cells was prepared from a 10 cm culture plate
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in KhES-1 but al so KhES-2 and KhES-3 as human

enbryonic stemcells. Also, using 96 well plates at
webenabsidensity (one cell per well) of human eP@TI/GBR00C/003636

stemcells, the cloning efficiencies were under 1% and

25% wi thout and with the ROCK inhibitor, respectively.

Thus, it was considered that31the superior effect of

the ROCK inhibitor for cloning efficiency was not due

to an autocrine factor of human enbryonic stemcell.
(abmut Ireiil Bgesils) ias anbgichound t hat ROCK i nhi bitor Y-27632

significantly inproved the survival rate of human

enbryonic stemcells. Exanple 2: Activation of Rho in

di ssoci ated human enbryonic stemcells (Method) The
(Resiilf)t enance cul ture of human enbryonic stemcells was

perfornmed by passages of small cell clunps as
RetesrkableecdctivatiBranfipReo1wadsesas t5i3PethinuteExaftayl theldissociation /

human enbryonic stemcells were dissociated to single
inctibktion by humapsembdiopisstepncellsuspended in the culture

medi um f or mai ntenance culture, and incubated at 37C

The cells were collected by centrifugation after 0O

m nutes, 15 mnutes, 30 m nutes, 60 mnutes, 120
ThBIdeU860rPbf RAB WaC§b@bhsig stovdy Dves 80URintes. t r eat ed

with The small GTPase activation kit (Cytoskel eton

conmpany, Denver, CO follow ng the manufacturer's

i nstruction, and anal yzed by Pull down net hod.

: [ 05 s S

Ac’léﬁltdtn@&, He ?és@'é intftaté L{ﬂgﬁm@%&%ﬁop%& ] Y%ﬁ%??ftg human

rati o or activate associ at ed

e B U P T ST o S gt s
cadédd B) 12 ROCR M IbitibReRbA bf v-27632.

Example 3: The colony formation efficiency of human embryonic stem cells

in the mainteﬁance culture by different kinase inhibitors

(Method)

The effects of other ROCK inhibitors on the cloning efficiency of humén embryonic
stem cells in maintenance culture were evaluated using methods as described in
example 1. The ROCK inhibitors, Fasudil/HA1077 (10pM) and H-1152 (200 nM)
were used. Also, inhibitors for other kinases were used for reference. The
inhibitors for other kinases used were: cAMP-Rp (1-100uM) and KT5720 (5-500
nM), which are protein kinase A inhibitors; bisindolylmaleimide (0.01-5uM) and
staurosporine (1-50nM) , which are protein kinase C inhibitors; PD98059 (0.5-
50uM), which is an MAPK inhibitor; LY294002 (1-50uM), which is a PI3K inhibitor;
and ML-7 (0.3-30uM), which is an MLCK inhibitor.
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Remar kabl e activation of Rho was seen 15-30 m nutes

after the dissociation / incubation of human enbryonic
w@L@esahd s. The activati on of Rho was decr easpeiyGB2007/003636

slowy over 30 m nutes. Accordingly, the results

indicate that the superior effect of Y-27632 to human

enbryonic stemcells was dug2to the inhibition of the
Rho activation, which was caused by the ROCK '
i nhibition action of Y-27632. Exanple 3: The col ony
formation efficiency of human enbryonic stemcells in
t he mai ntenance culture by different kinase inhibitors
(ReéhiBt hod) The effects of other ROCK inhi bi tors on the
cloning efficiency of human enbréonl c_stem @ ficant
In {Ri HaeB8net ROCKUriehiséoes diasudit NQZ?nQn% )ass'gn'
described in exanple 1. The ROCK inhibitors
enh%ﬂ%é@“c]ld Qffcidridiedvera bsetvesP comparashjo Witheuttheginhibitors,

inhibitors for other kinases were used fgr ant was
ranfe cBé@sl shiibhibitsrs far otitdrekinaseas 89 65BANGRT
hov%%fwg'go ( ITM and KT5720 (5 500 nND which are

obs%ré\%@fi n ki nase A inhibitors; bisindolylmleimde (0.01

- " and staurosporine (1- SOnI\/p , Which are protein
ki nase C inhibitors; PD98059 (0.5- 50mM), which is an
MAPK i nhi bitor; LY294002 (1-50 mM), which is a PI3K

| Id ifidal rove the
wolirih o el b ook, mIancgy s e

s'ul%waﬁi'a%loiﬁmma ?@Bglslﬂ-cl&ém el gni fi cant enhanced

were o served conpared to w thout
the inhibitors, however in the cases of inhibitors for
ot her ki nases, no enhancenent was

Example 4: Suppression of apoptosis by the ROCK inhibitor in suspension

culture of dissociated/reaggregated human ES cells

(Method)

Human ES cells subjected to maintenance culture were detached as small cell
clumps (aggregates) from feeder cells in the same manner as in Example 1, and
after removal of residual feeder cells, they were dissociated into single cells by
trypsin digestion. After centrifugation, 2%10° cells were dissociated in serum-free
culture medium for post differentiation induction (Watanabe et al., Nature
Neuroscience 8, 288-296, 2005; supplemented with G-MEM, KSR and 2-
mercaptoethanol, KSR was added at a concentration of 20%). The singly-
dissociated human ES cells (1 .0x10° cells/ml) were suspension-cultured in a non-
cell adhesive 35 mm culture plate to form aggregates, and were cultured in the
same culture medium for 2-6 days (SFEB method; See the above reference of

Watanabe et al.). After 2-day cuiture, the percentage of apoptic cells was
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observed. Accordingly, it was found that ROCK

i nhibitor could specifically inprove the survival rate
wo@RookasEmo enbr yoni ¢ stem cell s. Exanpl e 4: SuppCEEB2@(1/003636

of apoptosis by the ROCK inhibitor in suspension

cul ture of dissociated/reaggregated human ES cells

(Met hod) Human ES cells subjggted to mai ntenance

culture were detached as small cell clunps

(aggregates) fromfeeder cells in the same manner as
me%umg‘w|TéJNELan@th§ﬂt(ME$%%U\bAp@thS@s,kkﬂmeot,e’%éb- Treatment

cells, they were dissociated into single cells by o
withr RO EiKnindiljiest Y-27632f wes iritiated atut Aouohefops el separation in the

were dissociated in serumfree culture nediumfor post
sadief frammer i axt iiroExandplet 1,0and ieainbiidtostwas .gddest tor enaintenance

Neur osci ence 8, 288-296, 2005; supplenented with
culuiebhBdiKBRaotafr dissaiqtioret Ranmcomp#@Rnyanspdske thhiltitar (ZVAD;

concentration of 20% . The singlydi ssociated human ES
10c@aM)safid BONFIRTGINITSA nimixtues eofs B8 prysnlorachl, t whese i apoptosis

a noncell adhesive 35 mmculture plate to form

supBitisSat &ffoct MA@ WESIE répdriad, afbrenuddietcs aomdwdllthgrexperiment. In
nmedi um for 2-6 days (SFEB net hod; See the above

adBRibR! #RGSUAbeVEt AnaRmEtelBlon daybivids dollt¥d Mibheh ease.

the percentage of apoptic cells wasneasured by TUNEL
nmet hod ( MEBSTAI N Apoptosis kit Direct, MBL). Treatnent
with ROCK inhibitor, Y-27632, was initiated at 1 hour
(Rggﬁlﬁ{)e cell separation in the sane manner as in
anmple 1, and the inhibitor was added to mai ntenance

i 4 S BBl S35\ L pfos, e observed i
80%&3% 63// %I\i‘EIS %é&hga? qufceﬁg tl%%/te'g \Aﬁtﬁcﬁbcm?ﬁﬁtor, only 9% of
cells were TUNEL-positive. On the other hand, supplementation of caspase
inhibitor (ZVAD; 10 uM) and BDNF/NT-3/NT-4 (50 ng/ml each) resulted in 72%
and 69% TUNEL-positive cells, respectively. These resuits indicate strong cell
death suppressive activity of ROCK inhibitor. Accordingly, as for the number of
surviving cells on day 6, 8% survived in the non-supplemented group at the start
of dissociation culture, while 70% survived in the group treated with ROCK
inhibitor; more cells survived. The surviving cells, treated with either caspase

inhibitor or BDNF/NT-3/NT-4, accounted for less than 10% of the plated cells.

As described above, it was demonstrated that ROCK inhibitor markedly improved

the survival rate of human ES celis.

Example 5: Differentiation induction into neuronal precursor cells and brain

precursor cells by SFEB method using singly-dissociated human ES cells
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suppressi ve effect has been reported, were used to
conduct the experinent. In addition, the nunber of
w@008i0831mg cel |s on day 6 was counted in each PEBEEB2007/003636
(Result) In the non-supplenmented control, after 2-day
cul ture, apoptosis was observed in 80% of cells by
TUNEL nethod. In cells treatzd wth ROCK inhibitor,
only 9% of cells were TUNEL-positive. On the other
hand, suppl ementati on of caspase inhibitor (ZVAD;, 10
and BDNF/ NT-3/NT-4 (50 ng/m each) resulted in 72%
and 69% TUNEL- positive cells, respectively. These
(Methed) t s i ndicate strong cell death suppressive
activity of ROCK inhibitor. Accordingly, as for the
HumambES oéliss subjectet ta ehdistemandaycibture 8tersudeiaghadifrom feeder
t he non-suppl enented group at the start of
celldi &S onbficelirlurtps it the sdrhbenditéras i Exemple 4, endyatterpremoval
treated with ROCK inhibitor; nore cells survived. The
of iRldUaY fdedlet ekllS . they erire disgotiated irfte singhs peliesby trigpsintdigestion.
or .BDNF/ NT- 3/ NT-4, accounted for | ess than 10% of the
Aftét ééﬁtﬁwtibﬁ- cOBs JRvE didRitiabavsto tltueImEdinm EgIT diffedntiation
t hat i nhi bitor markedly inproved the survival

indL@fién At PUFEN dehshsl ) %PdEiiv%'i@' SuspenBlonfQlieMed alsifg a non-cell

I'nduction into neuronal precursor cells and brain

adl@%&ﬁ%&%‘{/?@?ur@el Iétebﬁds%gﬁdﬂgsr%gﬁﬁ@ké@ culture (SFEB_ method) of

Ssoci ated hunan s(Met hod) Human ES
sofflrBecAAFREE, R EPLRLFT RO A 7 st e, v
o PR EHOSED AT Raef o BaE A BYB R PLEPER . ReD)
wegd dseRrdlthed et 0B s vafer bt s s i T fBfetation
induction. After serum-free suspension cuiture for 16-35 days, the cell aggregates
were fixed and immunostained by fluorescence antibody method. Treatment with
the ROCK inhibitor, Y-27632, was initiated at 1 hour before cell separation in the

same manner as in Example 1, and the inhibitor was added to maintenance

culture medium for the first six days also after dissociation.

For the differentiation into brain precursor cells, on day 25 of SFEB cuiture,
floating cell aggregates were transferred into a poly-D-lysine/laminin/fibronectin-
coated culture slide, and were cultured in an adhesion state for additional 10
days. In the adhesion culture, Neurobasal medium, supplemented with B27
(vitamin A-free) and 2 mM L-glutamine (both supplied by Gibco-BRL), was used

as a culture medium.

(Resutt)
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i nduction at 2x1 05 cells/nL, and were

suspensi on-cul tured using a non-cell adhesive culture
weba@sestie conduct serumfree cul ture (SFEB nethomBef07/003636

suspended aggregates. In addition, Nodal inhibitor

LeftyA ( 1 ng/m, R&D), Wit i nhi bltor Dkk1l (500 ng/m,

R&D) and BMP inhi bitor BVPRIZeFc(1 .5 ng/m, R&D) were

added for the first 10 days after the start of culture

for differentiation induction. After serumfree
Onsday eRafien thestant of differendgiation gulidre, imalnest|alliggrealiaggegates

were fixed and i mmunostai ned by fluorescence anti body
treatachwith the & GKrinhibiton celie preitike ifemnesiropal precprs zell markers,

was initiated at 1 hour before cell separation in the
nestimeanthitext, ageren ekpasped. 1 Oyt B¢ ohdiffsrentiations culture, the

added to mai ntenance culture nediumfor the first six
nues o ttssseaidsitivedcalisdncraaised, aftabotiteS@fofdfeeds turaeddnto Paxe-

into brain precursor cells, on day 25 of SFEB cul ture,
pokitioatdeNg. cOhl thagathegdaed, wadifferertiztédstatd EBtaellamarker, Oct3/4

pol y-D-1ysine/lam nin/fibronectincoated culture slide,

po@iﬁdevu@u@ gosblibferdfor NS A 884N Ot a4y 3606f @iffdidritaish culture,
0 days. In the adhesion culture, Neurobasal medi um

thesrlépﬂlaﬁéT%‘érﬁﬂ b‘r"élhhpr%%ﬁrs{o‘f'mémerr‘ Bf’f r@%)tlvénéel% iﬂ\/labout 60% cell
L-gl utam ne (both supplied by G bco-BRL), was used

aggré#éltéé” eTRRA '|ﬁH?&até§{e§1‘élt tﬁtﬂiaﬁ‘ 312829(9!@c ‘g%rnthé éél@b?alofwervous

rentiation culture, in al most the cel
tisSGEN, eg\ﬂﬂf:o?lt ﬁ@@k%h’ﬂ?’c&htr&gﬁnm&? '%é}btf%(l\r s&?f@‘vllrg cells on day
posSI t neuronal precursof nar kers

xpressed. On day 24 of
7%%%@@?‘1‘0&“\/\?% gulture the nunber of these positive

cells increased, and about 80% of cells turned into
Pax6 posi tive cells. On the other hand,

In ce sI: LL rea etolI va\}ltth ghé?’ tF\‘QCBEK l%ﬁl)r fg\?/rsﬁ?\r/Negxfgr?’ édaays or longer, and

no significant formation of floating cell aggregates was observed.

Thus, it was found that the ROCK inhibitor did not impair the differentiation
potency of human ES cells, and human cells treated with the ROCK inhibitor

could very efficiently differentiate.

Example 6: Culture of singly-dissociated human ES cells by feeder-free

culture supplemented with the ROCK inhibitor

(Method)
To demonstrate whether ROCK inhibitor treatment allows single dissociation
culture of human ES cells also by feeder-free culture without using feeder cells

such as mouse embryonic fibroblast (MEF), human ES cells were cultured on
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positive cells accounted for |ess than 10% On day 35
of differentiation culture, there were many brain
w@e@susdor marker, Bfl positive cells in about PGED@&Be@7/003636
aggregates. This indicates that human ES cells
generate cerebral nervous tissues. Wthout ROCK
i nhibitor treatnment, there wB6e few surviving cells on
day 7 of differentiation culture. In cells untreated
with the ROCK i nhibitor, fe urvived for 7 days or
exfrgRgltar AnatrixoPesraied i Wit VST ReCPBING 1O g kf@'ra; dnpthod by
_aggregates was observed._ Thus, it was_found that the
lt ei (i Gridcet ali,dNabure; Bigtachnohe 18i P7dr¥idk (#Q0h  Specifically,
pot ency of human ES cells, and hunman cells treated
acaprding ke tirogkoven lileatuce, MEHI eelipaaujtuedd ta renfiugnecy were lysed on
differentiate. Exanple 6. Culture of
a clltuye dish by aleicayehblatenmmetiEs teldayemnly estiaesliulaematrix.  Singly-
cul ture supplemented with the ROCK inhibitor (Method)
disBocied imsimat ESibaltsh¢G00RETIS/walhob iat @8-wellgzlatey nwerel $emded onto
single dissociation culture of human ES cells al so by
théraegiederf Y266 Urdathmenti(10quNl arsd ndvY bedhe sa@hé snetholl ass for the
nmouse enbryonic fibroblast (MEF), human ES cells were

roGfind builfste VrEMBEREHHs! (abavermahfibred ERBMPRS). VEoMditired medium, in
according to the known nethod by literature (Xu G H et

whith hubEHES EiPhRitBRANce Hbdidhlay Méﬁ%é)preliminﬁéil cultured

Specifically, according to the above literature,

for‘é%hbs% Al 4 %eﬁloa§od‘fch|’dﬁr% e, | xﬁ@dn@ﬂb@rwlﬁumsn ES cell

c
i sh deoxychol ate nethod to | eave onl

SRR I i ' i ssoci ated human ES cells
co%% ceHeg/%?FﬁééN%@-%rﬁg%l ate) were seeded onto
them under Y-2763 treatnment (10 mMMor 0O m\V) by the
sane nethod as for the

(Result)

High cloning efﬁciéncy (10.2%) per seeded human ES cell was observed in the Y-
27632-treated group. On the other hand, the cloning efficiency in the Y-27632-
untreated group was less than 0.2%. The colonies formed in the Y-27632-treated
group were strongly positive for undifferentiated-state marker, alkaline
phosphatase. These findings indicate that the ROCK inhibitor had an effect not
on feeder cells but directly on human ES cells to promote colony formation. In
addition, even without using co-culture with feeder cells, it was demonstrated that
the ROCK inhibitor allowed singie dissociation culture of human ES cells when
they are cultured on adequately-prepared extracellular matrix in the presence of

liquid factors (e.g., factors contained in the conditioned medium).

Example 7: Maintenance culture of singly-dissociated human ES cells by

short-term ROCK inhibitor treatment
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routine culture on MEF cells (abovenentioned Exanple).
Condi ti oned nedium in which human ES cell maintenance
wore@sassland VEF were prelimnarily cul tured foPCDGB2007/003636
day, was used as a culture nedium The nunber of hunman
ES cell colonies forned 5 days | ater were count ed.
(Result) High cloning effick&dcy (10.2% per seeded
human ES cell was observed in the Y- 27632-treated
group. On the other hand, the cloning efficiency in
the Y-27632- untreated group was |less than 0.2% The
l\/&% es fornmed in the Y-27632-treated group were
( ébgly positive for undifferentiated-state marker,
al kaI i ne phosphat ase. These findings indicate that t he
henhaBteRANaeacufHe afrsdrglywissasited dusnarn &9 gellsytn order to
directly on human ES cells to pronote col ony
exaaring tvhaihen %r248a2 tremotes eqll surviveliat ths; @ﬁ;['ycnhaﬂﬂ efidigsociation
with feeder cells, it was denonstrated that the ROCK
culture,bY+2d632l ﬂr@@wwmit'rrge aval sihddeditintontheufallowing fthieengroups to
ES cells when they are cultured on adequatel y-prepared
copparecsllsuirdvalqerbmotingrefidets iprmamhemarde dulgued factors
(e.g., factors contained in the conditioned nmedi un).
Exanpiaaip71: M2 763 treatment (10 Mf samadbslod) seaicahddcted as 1
human ES cells by short-term ROCK inhi bitor
hdurgaétreatidvittanacinipsorf e firsie1 TRbaisesfaatiers BkeHaRs6diation in the
si ngl y-di ssoci ated human ES cells, in order to exam ne

probesen divs AR RIIRIFBIPRUARI ESWeysval at the early
phase of dissociation culture, Y-27632 treatnent tine

vas Chotp(R o769 tragirhht 946 BEndlited &' PHBAr-bRRAHRRNEand for
cel | surV|va -pronoting effects 1 n malntenan

thé Entike Bulture period after dissociation in the process of dissociation culture of

human ES cells.

Group 3: No Y-27632 treatment was conducted.

In these groups, surviving cells on day 3 per seeded cells (5x10* cells per one

well of a 6-well plate) were counted in maintenance culture system dn MEF layer.

(Result)

In Group 3 untreated with Y-27632, no more than 1% of the total cells seeded
survived on day 3. In Group 1 treated with Y-27632 for 12 hours after
dissociation, 270% of the seeded cells were counted; in Group 2 treated with Y-
27632 continuously, 290% of the seeded cells were counted. These results
indicate that Y-27632 treatment has sufficiently high promoting effect in first half
day after the start of dissociation culture in maintenance culture of human ES cells

by adhesion culture.
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Goup 1: Y-27632 treatnment (10 mM sane bel ow) was

conducted as 1 hour-pretreatnent and only for the
wo 2e0s33120 hours of culture after dissociation PEI/GB2007/003636

process of dissociation culture of human ES cells.

Goup 2: Y-27632 treatnment was conducted as 1

hour-pretreatnment and for th&8entire culture period

after dissociation in the process of dissociation

culture of human ES cells. Goup 3: No Y-27632

treatment was conducted. In these groups, surviving

cells agn day 3 per seeded cells, (5x1 04 cells per one ]
Example;B: £ell gepwtirpsemoting achyitht v RQCKamhlhﬁah deeatment in

culture systemon MEF layer. (Result) In Goup 3
mainteaanes) cuiture of hugmmn ell§ e than 1% of the total

cells seeded survived on day 3. In Goup 1 treated

with Y-27632 for 12 hours after dissociation, 270% of

the seeded cells were counted; in Goup 2 treated with
(Meth@¥)632 conti nuously, 290% of the seeded cells were

counted. These results indicate that Y-27632 treatnent
Inbs sanid expenment &s ghthe above Exapfpiedt theeffectsef Y12l7632 on the

day after the start of dissociation culture in
celtagrowth afioe 66 dalys Laiferofheh stamh oESlisstidiationy caliresiwas examined in

culture. Exanple 8: Cell growth-pronoting activity by
GiidapK 1 aid Ridycsxténding Mee tultiremdridocioadgaysul t ure of

human ES cells (Method) In the sane experinent as in

the above Exanple 7 , the effect of Y-27632 on the

cell growth for 6 days after the start of dissociation
(RedLfyure was examined in

The number of cells on day 6 increased to 670% and 860% of the number of
initially seeded cells in Groups 1 and 2, respectively. The population doubling
time, based upon the number of cells during days 2 to 6 after the start of
dissociation culture, was 49.0 hours for Group 1, and 41.5 hours for Group 2; the
doubling time was shortened in half for Group 2. In both Groups 1 and 2, the
percentage of apoptosis (the percentage of active Caspase 3-positive cells) on
days 3 and 5 was less than 1% of total cells. These resuits indicate that, in
addition to cell survival-supporting activity immediately after the start of
dissociation culture, Y-27632 has cell growth-promoting activity on the survival

cells thereafter.

Thus, stem cells are cultured in the presence of a ROCK inhibitor and the

invention provides culture methods and media therefor.
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A nethod of culturing stemcells, which conprises

treating the stemcells with a ROCK (Rho- ki nase)

inhibitor. 2. The nethod of -@40ad m 1, wherein the stem

cells are enbryonic stemcells. 3. The nethod of claim
C§Aﬁﬁ§2’ wherein the stemcells are prinmate stemcells.

. e method of claim3, wherein the stemcells are
human stemcells. 5. The nethod of any of clains 1-4,
wherein the stemcells are dissociated. 6. The nethod
of claimb5, erein the dissociated stemcells, are
si ngMdNeNeR %@w'wr@e e e@@% SWich epmpuises . treatinghivie stem cells
et hod of any of clains 1-6, which conprises
with 3K (Rip-kinase) ishikdler s, and treating the stem

cells with a ROCK (Rho-kinase) inhibitor. 8. The
met hod of claim7, wherein the stemcells are treated
with a ROCK i nhibitor before the dissociation of the
2.st enfliemethod of Glaim e wihedeiofthe istermcells ard embingoréc starheells.
stemcells are treated with a ROCK inhibitor after the :
di ssoci ation of the stemcells.10. The nethod of any
of clains 1-9, wherein the ROCK inhibitor is Y-27632,
3.Faslhé metihodiefldlain 11dr 2, witerelrethkasienf calle\areprighate Sem cells.
1-10, wherein the stemcells are cultured in adherent
culture or suspension culture. 12. The nethod of any
of clains 1-11 , wherein the culturing is' passage

4.cul tTHeemethod of claim 3, wherein the stem cells are human stem cells.

1

5. The method of any of claims 1-4, wherein the stem cells are dissociated.

6. The method of claim 5, wherein the dissociated stem cells are single stem

cells or aggregated stem cells.

7. The method of any of claims 1-6, which comprises dissociating the stem

cells, and treating the stem cells with a ROCK (Rho-kinase) inhibitor.

8. The method of claim 7, wherein the stem cells are treated with a ROCK

inhibitor before the dissociation of the stem cells.

9. The method of claim 8 or 9, wherein the stem cells are treated with a

ROCK inhibitor after the dissociation of the stem cells.
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or differentiation inducing culture. 13. The nethod of

any of clains 1-12, used for (a) purification or
waeb@miosgy1of stemcells, (b) production of a gePer/GBalNTP03636

nodi fied strain of a stemcell or (c) production of

neural cells by suspension culture. 14. The nethod of

claim 13, wherein the neurat4tells are forebrain

neural cells. 15. A nethod for producing a

di ffterentiated_cell from t | | i . ;
16 npr e'a’eylﬂ(f Pl any ﬁﬁtcéa'%ﬁ@ %l’ %eig':"f tg\ﬁ";l?@@: nPa gﬁl‘@n gy® o 27632,
a stemcell which has inproved differentiation
Faspglil @ity 52sai d met hod conprising culturing a stem
cell in the presence of a ROCK inhibitor. 16. A nethod
of processing a stemcell, conprising treating the
stemcell with a ROCK inhibitor. 17, A cell .
11pr e gdeaniedhod efngny 9frdaimss 1 <4, vigrelnthesstemrrells are cultured in
i nhi bitor.18. The cell preparation of claim17,
adhieesndi qulttreos sespansian ¢wiudessoci at ed. 19. A stem cel |
cul ture nmedium conprising a ROCK inhibitor. 20. The
medi um of claim 19, conprising a basal medium and a
ROCK inhibitor. 2 1. The nmedium of claim 19 or 20,
120hi cThe metlsodiof anpef clzdins A-iretvioeredt theutulturinggs 1asgage culture
cells so as to pronote cloning efficiency or passagi ng
orefifférehiaion incagmg Qilttige.cul turing the stemcells in a
cul ture nmedium conprising a ROCK i nhibitor. 23. A
nmet hod of pronoting colony formation in a stem cell
culture, conprising culturing stemcells in the

1PT ESERE trethod dREHY bhBiaitht 01-12 2dsed\ foR{d)opurdication or cloning of
improving cloning efficiency or passaging efficiency
stéf Belfd §B) production of a genetically modified strain of a stem cell or (c)

production of neural cells by suspension culture.

14.  The method of claim 13, wherein the neural cells are forebrain neural cells.
15. A method for producing a differentiated cell from a stem cell which has an
improved survival rate andfor proliferation potency or a stem cell which has
improved differentiation efficiency, said method comprising culturing a stem cell in

the presence of a ROCK inhibitor.

16. A method of processing a stem cell, comprising treating the stem cell with a

ROCK inhibitor.

17.  Acell preparation comprising a stem cell and a ROCK inhibitor.
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cell culture, conprising culturing stemcells in the
presence of a ROCK inhibitor. 25. A nethod according
W eooangsiod cl ai ms 22- 24, wherein the stem cel | BCHGB2007/003636
cultured in the absence of feeder cells, feeder cell
extracts, and/or serum 26. fgrret hod according to any
of clains 22-25, wherein the"sfemcells are cultured
in the presence of a ROCK inhibitor prior to
185D ThRMUMDrBbalRABAR ofin £/ wifbrEPlHBMAGRINL BkshBiated.
cl ai m 26, erein the stemcells are cultured in
t hepresence of a ROCK inhibitor for at |east one hour
bef ore subcl oni ng or passagi ng. 28. A nethod according

to f ' - 2 J: / 2] | s are
19'mali %{%Ieﬁ]e%éﬁl ‘%‘@%?‘ﬁ%“ﬂ'@n"%@ '@ E@&?ﬁﬁhgﬁpgr after

subcl oni ng or passagi ng. 29. A nethod according to

claim 28, wherein the stemcells are maintained in the

20p 185 et AR il S S vt

stemcells are maintained in the presence of a ROCK
inhibitor for at |east about 2 , about 4 , or about 6
days, 31. A nethod according to claim28, wherein the
215t efthednedivgt of elaimi 8iared, W%"thh'é sereddifie@ of a ROCK
inhibitor for at | east one to five passages. 32. A
nmet hod according to any of clains 22-31 , wherein the
ROCK i nhibitor is subsequently withdrawn fromthe
22cul AumetimdiiofiraultBang /stemt belts socas dd myotrwte | cdoning Xfficiency or
wherein the ROCK inhibitor is withdrawn after about 12
passaging fcieAcyrecdprisiog ccudiuniggt thec stenm Gdls imhar eulturehmedium
ROCK inhibitor is withdrawn after about 2 , about 4 or
compegingta BROGK inhibitor.

23. A method of promoting colony formation in a stem cell culture, comprising

culturing stem cells in the presence of a ROCK inhibitor.

24. A method of improving cloning efficiency or passaging efficiency in a stem

cell culture, comprising culturing stem cells in the presence of a ROCK inhibitor.

25. A method according to any of claims 22-24, wherein the stem cells are

cultured in the absence of feeder cells, feeder cell extracts, and/or serum.

26. A method according to any of claims 22-25, wherein the stem cells are

cultured in the presence of a ROCK inhibitor prior to subcloning or passaging.

27. A method according to claim 26, wherein the stem cells are cultured in the
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35. A nethod according to claim 32, wherein the ROCK

inhibitor is withdrawnafter at |east one to five
wpamsasast 36. A nmet hod of inproving the surviReal/GaR007/003636

stemcells in a culture, conprising contacting the

stemcells with a ROCK i nhibitor. 37. A nethod

according to claima36, wherétdr the culture conprises

di ssoci ated stemcells or aggregates of stemcells in

suspensj on. A hod accgordj [ 0 i
preaaber i theR Q0T bGPt ehe BeL el i, Fofife Sutidening or

density. 39. A nethod according to any of clains
PasBAY- wherein the culture conprises stemcells at

cl onal density. 40. A method according to any of

clainms 36-39, wherein the stemcells are maintained in

the presence of a ROCK inhibitor for_at |east, abgout 12
28houfsmethad ascordingotd ayoplriagms c??c'é?ai Hﬁhﬁé?'”vmr%eﬁ“ cells are

the stemcells are maintained. in the presence of a .
maR@akedihithe poesenee afra ROAHE Inhijtar after sgBelghing or Rgssaging.

about 6 days. 42. A nethod according to claim40,

wherein the stemcells are maintained in the presence

of a ROCK inhibitor for at |east one to five passages., )
2043. Admethidtbdceardimgdiongaino 28nwhefreiol theratiedecalls, akgheaitained in

the ROCK inhibitor is subsequently wthdrawn fromthe
theﬁﬁ}és@!h@e@?@i RIOCHKinhibitoe fdraat least@bdiub g 2thours.ai m 43,

erein the ROCK inhibitor is withdrawn after about 12
hours. 45. A nmethod according to claim43, wherein the
ROCK inhibitor is withdrawn after about 2 , about 4 or

abou inatoEhlR QR wiwrdinhet stenl aélis 4@ maintained in
30\7\helfb\el|’r%ﬂ?ﬁ§%&Kl igr?thi bitor is wthdrawn-

the presence of a ROCK inhibitor for at least about 2, about 4, or about 6 days.

31. A method according to claim 28, wherein the stem cells are maintained in

the presence of a ROCK inhibitor for at least one to five passages.

32. A method according to any of claims 22-31, wherein the ROCK inhibitor is

subsequently withdrawn from the culture medium.

33. A method according to claim 32, wherein the ROCK inhibitor is withdrawn

after about 12 hours.

34. A method according to claim 32, wherein the ROCK inhibitor is withdrawn

after about 2, about 4 or about 6 days.

35. A method according to claim 32, wherein the ROCK inhibitor is withdrawn
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after at least one to five passages. 47. A nethod
according to any of clains 22-46, wherein the stem
w@edoB®3HLe pluripotent stemcells. 48. A nmet hoPICT/GB2007/003636
according to claim47, wherein the stemcells are
enbryonic stemcells. 49. A nethod according to any of
clainms 22-48, wherein the sthrcells are rodent or
primte stemcells. 50. A nmethod according to claim
49, . wherein the stemcells are human stemcells. 5 1.
aftal L FRS %%E%F%E? Rasﬁqgegny of claims 22-50, wherein the
ROCK i nhibitor is Y-27632, Fasudil or H 1152.52. A
net hod of culture of ES cells, conprising the steps

of :- - maintaining.the ES cel|s . | uri pot t ‘i
36i n Aumethed o WPB‘%&’I‘Q @"%ﬁuf"é‘éac!e fss?e_% g%lgssgglgngnﬁ"l[é %grﬁpnsmg

cell s at |east once; - vvit}{wlr { Ng serum or serum
coataching the stenp celiewith & RO %1’ um and W t hdr awi ng

the feeders (if present) so that the nediumis free of

feeders, serum and serum extract; and - subsequently

mai ntaining the ES cells in a pluripotent state.in the .
37pr edemethast aecarding tortiaim 86, whersin ieEeliye quﬁsr@ssomated

to claim52, wherein the ES cells are cultured in the
stam estis oe aghregaRSORT stehi beltsain sysbensies. wi t hdr awal  of

the serum serum extract

38. A method according to claim 36 or 37, wherein the culture comprises stem

cells at low density.

39. A method according to any of claims 36-39, wherein the culture comprises

stem cells at clonal density.

40. A method according to any of claims 36-39, wherein the stem cells are

maintained in the presence of a ROCK inhibitor for at least about 12 hours.

41. A method according to claim 40, wherein the stem cells are maintained in

the presence of a ROCK inhibitor for at least about 2, about 4, or about 6 days.

42. A method according to claim 40, wherein the stem cells are maintained in

the presence of a ROCK inhibitor for at least one to five passages.

43. A method according to any of claims 36-42, wherein the ROCK inhibitor is

subsequently withdrawn from the culture medium.
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and/ or feeders. 54. A nethod of obtaining a
transfected popul ation of ES cells, conprising:- -

wao e@sssacti ng ES cells with a construct encodi PQI/&aB2007/003636
sel ectable marker; - plating the ES cells; - culturing
the ES cells in the presence of a ROCK |nh|b|tor and
- selecting for cells that e4®ress the selectable
mar ker. 55. A nethod according to claimb54, further
conprising the step of subcloning the ES cells that
express the sel ectabl e marker in the presence of a

s et 8o o BB iy B, B bt gparau

a ROCK i nhibitor to pronote and/or inprove cloning
af@fﬁp@%ﬁ%{)%?s passagi ng efficiency in a stemcell

culture. 58. Use of a ROCK inhibitor to pronote and/or

i mprove colony fornmation in a stemcell culture. 59

Use of a ROCK inhibitor to pronote and/or r
45 ur W methed aseeidingte slaim 48, wherainethesBOGK n@“b'tm s Withdrawn

culture nediumthat is free of serum and serum extract
aftendboutpralzms 4 or-aheidf dagsdi um - a ROCK i nhi bitor;
and - an iron transporter.

46. A method according to claim 43, wherein the ROCK inhibitor is withdrawn

after at least one to five passages.

47. A method according to any of claims 22-46, wherein the stem cells are

pluripotent stem cells.

48. A method according to claim 47, wherein the stem cells are embryonic

stem cells.

49. A method according to any of claims 22-48, wherein the stem cells are

rodent or primate stem cells.

50. A method according to claim 49, wherein the stem cells are human stem

cells.

51. A method according to any of claims 22-50, wherein the ROCK inhibitor is
Y-27632, Fasudil or H-1152.
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52. A method of culture of ES cells, comprising the steps of.-

- maintaining the ES cells in a pluripotent'state in culture, optionally on
feeders;

- passaging the ES cells at least once;

- withdrawing serum or serum extract (if present) from the medium and
withdrawing the feeders (if present) so that the medium is free of feeders, serum
and serum extract; and

- subsequently maintaining the ES cells in a pluripotent state in the

presence of a ROCK inhibitor.

53. A method according to claim 52, wherein the ES cells are cultured in the
presence of a ROCK inhibitor prior to withdrawal of the serum, serum extract

and/or feeders.

54. Amethod of obtaining a transfected population of ES cells, comprising:-
- transfecting ES cells with a construct encoding a selectable marker;
- plating the ES cells;
- culturing the ES cells in the presence of a ROCK inhibitor; and

- selecting for cells that express the selectable marker.
55. A method according to claim 54, further comprising the step of subcloning
the ES cells that express the selectable marker in the presence of a ROCK

inhibitor.

b6. Use of a ROCK inhibitor in the manufacture of a culture medium for stem
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cells.

57. Use of a ROCK inhibitor to promote and/or improve cloning efficiency or

passaging efficiency in a stem cell culture.

58. Use of a ROCK inhibitor to promote and/or improve colony formation in a

stem cell culture.

59. Use of a ROCK inhibitor to promote and/or improve the survival of stem

cells in a culture.

60. A cell culture medium that is free of serum and serum extract and
comprises:-

- basal medium;

- a ROCK inhibitor; and

- an iron transporter.



