DESCRIPTION TITLE OF THE INVENTION METHOD FOR CULTURING HUMAN PLURIPOTENT
STEM CELLS Technical Field [ 0001] The present invention relates to a method for culturing a
human pluripotent stem cell while maintaining an undifferentiated state and a kit therefor, and more
particularly, the present invention relates to a method for culturing a human pluripotent stem cell while
maintaining an undifferentiated state and a kit therefor, the method comprising: a step (a) of culturing a
human pluripotent stem cell in a first medium comprising a basal medium for pluripotent stem cell
supplemented with an activin-containing suppEeRE®RT acep (b) of replacing the first medium with a
second medium comprising the basal medium for pluripotent stem cell supplemented with an
activin-free supplement and culturing the human pluripotent stem cell; and a step (c) of subculturing

the human pluripotent stem cell intertherfisioredisn; wienemrafier the step (a), the steps (b) and (c)
are repeated in the order of (a), (b), (c), (b), (c), and so on. Background Art [ 0002; Pluripotent

stem cells such aS"EE%2I15%ke cHpabl& bF différ&RbatihgliRtoRratots tisdtés, @ned therefore considered
to be applied to models for elucidating the tissue differentiation process, regenerative medicine, and
the like. In order to precisely analyze the functions and effects of differentiation-inducing factors,
controlling the cellular differentiation is ifipehantcfdO03}e1ld Proposed methods for maintaining an
undiﬁeren#%tgg tate of stem cells include a method for culturing pluripotent stem cells, comprising a
step of culturing pluripotent stem cells, while suppressing the differentiation of the pluripotent stem
cells by subjectingithe pluripotentistem celis to praxis-kotatians (wherein n is.aniriegeref2 or more)
(see for example, Patent Document B{;}a medium for maintaining pluripotency of mesenchymal stem

cells, comfFisifig TEEL13 ({BETRF eXapiePPafdht DoLGMeRt) a CRidif-fféd Méditin' 86mprising a
basal mediym whigh atlows:te conduct primary cyiture and; subculture of stem cglls witheut serum,
mixed with pannexin at a concentration of 5 to 10%, 1 to 100 ng/mL bFGF, 1 to 100 ng/mL PDGF, 1 to
100 ng/mLPEGFL &hd A<tbYL00O fig/mb Vit fAihtC (Seesbierample RdteAt Docurient)ha thethod for
maintaining embryonic stem cells, comprising ¢ ing emhbryonic stem cells in-suspensjon in a
serum-free medium containir(lgg poaiyviny%g%:oho#%%A) %Cr%gb%?ng fr%eéglf anlrﬁglfder%/%gsia?bumin, in the
absence of.a feedercell(see: for edample; Patertidocumeritd);antissaie stem cekkgroiving agent
containingt%lé)w-m I}?gglar weight co.m%o_und or its salt as an active iilwgredjent (see for example,

e fiation T?]Fﬁﬁtor(cadmpﬁsméj A1ow nidiécufar %ﬂﬁﬂ compound

Patent Docuiient 5 ;aStemC Idiffere
such as ingoledesivatives as an active ingredienti(see faf @xamplesRatent Decument £);and a
medium for long-term growth and development of a cell, including an embryonic-stem cell, comprising,
in effectivé"&mbufits for Culfilg RO E8IN ta) & 'SEEhd&r8lmedRifpHbFE&URT dibumikl (c)fansferrin, (d)
a lipid and fatty acid.souree, (&) cholesigrol (Hka reducing agent;(0) 3PyRuvale salt,(h) pucleosides
for DNA and RNA synthesis, (i) at least one growth factor that stimulates the growth and development
of a substrate-6éll, asigsue celliotfan ergam eelf,cand ) atleast oheeixtracellufdrenatrbematerial,
wherein the medium is serum-free or of low serum (seg fqr example, Patent (I;ocvym%nt 7). A method
for culturing pluripotent stern cells l{éomprising cue?turing the plurl&tenfnstem cells'in the presence of a
deciduadesived célt of anextracellaranatrix derivedifromdhé cell- (see for examplehRatent Document
8) has also been proposed. It is reported, however, that while cell growth on fibronectin was observed

at a low dégre& Hha dedred Wal nritkedly Toier than-tHat dFdellromtiP G the &xtracelitifar matrix of

mesenchymat sellsderiveshfremithe degidua. 10004 tnEherpresentipventars have-developed a
culture medium for serum-free medium that is capable of culturing ES tells in a type | collagen-coated

flask for a prol6iged Ferfodt6f tihde in theabsérees of feedemsells whifrMaiftainimgafe ES cells in an
undifferentiated sfate under §gr)u’m-f(r§§§,copgstion%(?r}d %?]a,satlamgd%n for producing such a culture
medium (see for example, Patent Document 95; and a method for maintaining a primate embryonic
stem cells under cell culture conditions in the absence of feeder cells or serum, comprising: i) a step of
preparing primate embryonic stem cells LEZLn agglturc? ﬁerstsel coated with a basal culture support
consisting of protein, wherein the cells are cu BrsdRthe Talture vessel by a cell culture medium
comprising: boyine insulin, human transferrin, sodium selenite, ethanolamine, 2- mercaptoethanol,
oleic acid complexed with fatty acid-free bovine albumin and wherein the cell culture medium is further

supplemented withF fibFobRst Growth F5%torS Reparir 4 ascorbic abilorasésibicadid phbsphate or

derivative theregf; apd,id.maintaining the primate emhryonic;stenrcells in.an updifferentiated state
(see for example, Patent Document 10). Moreover, as to respective matrix ingredients, it was found, in
the developfieht 6F s6fimtfreetredii® thaarinin ep@dsibtonéetin dct suppressive to-a state
maintaining the undifferentiation of murine ES cells, and act to promote the differentiation (see for
example, Non-patent Document 1). [0005]
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Moreover, using Shef human ES cells and the cell line HUES-1, the present inventors found that
human ES cells can be maintained and cultured with a type | collagen coating, and that the addition of
HEPES into a serum-free medium has a very adverse effect on the maintenance of human ES cells
(see for example, Non-patent Document 2), further, the present inventors also reported that heparin,
which is known to aid FGF-2 action of promoting the proliferation of ES cells, promotes the
proliferation of ES cells even when added in the absence of FGF-2 (see for example, Non-patent
Document 3} sfoufd Hdt the additivh ‘of achvii aefivates ERK todracefiular Sighalregukkied kinases)

and promojss.difeyantiation ndelien Infc e 0ene o/ MesAIVodenn. Wbl e ddian, gf ERX
inhibitors can maintain an undifferentiated ‘state (see for example, Non-patent Document 4); and
reviewed a=lfiasic mrethod for chlfermghumandsS celis: (seedfor £xample, Non<patentiDdcument 5).

Prior Art Documents, Patent Documents [00061  Patent Document 1: Japanese unexamined Patent
Applicationt ﬁbl?c%ﬁti%ﬁ%& z%iﬁffgfélﬁ[laﬁa?éht JDgoci‘flﬁr?ec?i?é.afﬁpanese

[ 0OC3]

Proposed methods for maintaining an undifferentiated
state of stem cells include a method for culturing
pluripotent stem cells, comprising a step of culturing
pluripotent stem cells, while suppressing the
differentiation of the pluripotent stem cells by
subjecting the pluripotent stem cellz to n-~axis rotations
(wherein n 1is an integer of Z or more) (see for example,
Patent Document 1); a medium for maintaining pluripctency
of mesenchymal stem cells, comprising TGF-p (see for
example, Patent Document 2); a serum-free medium
comprising a pasal medium which allows to conduct primary
culture and subculture of gstem cells without serum, mixed
with pannexin at a concentration of 5 to 10%, 1 to 100
ng/mlL bFGF, 1 to 100 ng/mlL PDGF, 1 to 100 ng/ml EGF, and 1
to 1000 pg/mi vitamin C (see for example, Patent Document
3): a method for maintaining embryonic stem cells,
comprising culturing embryonic stem cells in suspension in
a serum-free medium contalning polyvinyl alcohol (PVA) and
being free of animal-derived albumin, in the absence of a
feeder cell (see for example, Patent Document 4); a tissue
stem cell growing agent containing a low-molecular weight
compound or its salt as an active ingredient {see for
example, Patent Deocument 5); a stem cell differentiation
inhibitor comprising a low molecular weight compound such

as indole derivatives as an active ingredient (see for



unexamined Patent Application Publication No. 2010-094062 PatentDocument 3: Japanese
unexamined Patent Application Publication No. 2008-148643 Patent Document 4: Japanese
unexamined Patent

example, Patent Document 6}; and a medium for long-term
growth and development of a cell, including an embryonic-

stem cell, comprising, in effective amounts for culturing

the cell, (a} a standard medium, (b} serum albumin, (c)
transferrin, (dy a lipid and fatty acid source, (e}
cholesterol, (f) a reducing agent, (g) a pyruvate salt,

(h} nuclecsides for DNA and RNA synthesis, (i} at least
one growth facter that stimulates the growth and
development o©of a substrate cell, a tissue cell or an organ
cell, and (j) at least one extracellular matrix material,
wherein the medium is serum-free or of low serum (see for
example, Patent Document 7). A methoed for culturing
pluripotent stem cells comprising culturing the
pluripotent stem cells in the presence of a decidua-
derived cell or an extracellular matrix derived from the
cell {see for examples, Patent Document 8) has alsc been
proposed. It is reported, however, that while cell growth
on fibronectin was observed ét a low degree, the degree
was markedly lower than that of c¢ell growth on the
extracellular matrix of mesenchymal cells derived from the
decidua.

[ 0004}

The present inventors have developed a culture
medium for serum-free medium that 1s capable of culturing
ES cells in a type I collagen-coated flask for a prolonged
period of time 1in the absence of feeder cells, while
maintaining the ES cells 1in an undifferentiated state
under serum-free conditions, and a basal medium for
producing such a culture medium (see for example, Patent

Document 9); and a method for maintaining a primate



Application Publication No. 2007-228815 Patent Document 5: Japanese unexamined Patent
Application Publication No. 2006-180763 PatentDocument 6: Japanese unexam ned Patent
Application Publication No.

embryonic stem cells under cell culture conditions in the
absence of feeder cells or serum, comprising: 1) a step of
preparing primate embryonic stem cells using a culture
vessel coated with & basal culture support consisting of
protein, wherein the cells are cultured in the c¢ulture
vessel by a cell culture medium comprising: bovine insulin,
human transferrin, sodium selenite, ethanolamine, 2-
mercaptoethanol, oleic acid complexed with fatty acid-free
bovine albumin and wherein the cell culture medium 1is
further supplemented with  fibroblast growth  factor,
heparin and ascorbic acid or ascecrbic acid phosphate or
derivative therecf; and 11i) maintaining the primate
embryonic stem cells in an undifferentiated state (see for
example, Patent Document 10). Moreover, as to respective
matrix ingredients, it was found, in the development of
serum~-free medium, that laminin and fibronectin act
suppressive to a state maintaining the undifferentiation
of murine ES cells, and act to promote the differentiation
(see for example, Non-patent Document 1}.

[ 0005]

Moreover, using Shef human ES cells and tThe cell
line HUES-1, the present inventors found that human ES
cells can be maintained and cultured with a type I
colliagen coating, and that the addition of HEPES intc a
serum-free medium has a very adverse effect on the
maintenance of human ES cells (see for example, Non-patent
Document 2), further, the present inventors also reported
that heparin, which 1is known to aid FGF-2 action of
promoting the proliferation of ES cells, promotes the

proliferation of ES cells even when added in the absence



2005-013152 PatentDocument 7: Japanese unexamined Patent Application Publication (Translation
of PCT Application) No. 8-508891 Patent Document 8: Japanese unexamined Patent Application
Publication No. 2010-166901 PatentDocument9:InternationalPublicationNo. W02005/063968 Patent
Document 10: Japanese unexamined Patent Application Publication (Translation of PCT Application)
No. 2009- 542247 Non-patent Documents [0007] Non-patent Document 1: 0-07 Functional analysis of
matrix ingredients in differentiation control of murine ES cells, The 52nd Annual Meeting of the
Japanese MatrixClub (2605 GitarNen:pateht Documentz2:<PNASvol28h+n0336, 18409:13414
Non-patent Document ?éﬁl%Vitro Cell.Dev. Biol.- Animal (2010) 46:573-576 Non-patent Document 4:

Stem Cell Re& 201 NET-patert Dottimehts: “Tils. Tt ResCoriffun. 571362 £47 £36638) Summary

of the Invegtighz1-requlated kinases) and promotes differentiation

induction into the nerve or mesendoderm, while the

addition of ERK inhibitors can maintain an
undifferentiated state {see fcor example, Non-patent
Document 4); and reviewed a basic method for culturing

human BS cells (see for example, Non-patent Document 5).
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Object to be Solved by the Invention [0008] An aim of the present invention is to provide a method
for culturing a human pluripotent stem cell while maintaining an undifferentiated state, more efficiently
than conventional methods, and a kit therefor. Means to Solve the Object [0009] As described in
the foregoing, the development of serum-free medium that allows to culture pluripotent stem cells such
as ES cells for a long period of time has been progressed in many aspects. Growing pluripotent stem
cells in these media requires high level of culturing technique, though it is not impossible, often

depending GhtiftuitidtPad kAcw-How dfddpetiftenters: foravoid frBgbentceliidekils oF lozs of
pluripotency,ip the. coyrse of aultiring.[0910] = Conpventional media usyally comprise o _
animal-derived materials. For example, use of bovine serum albumin, porcine-derived type | collagen,
and the like hag &/problem of being high cost with limited supply. Also, the animal-derived materials
are usually unheated bloqd products, and possible to be contaminated with prion, which is considered
to be the cadse b bovine spongl?orm encephalopathy (BSE), pathogens such as viruses, and
heterogeneauscingredients, raising safety and immunogenicity issues. Furthermore, lot to lot variations
in the production of such a medium is considered to be one of the causes that lower the probability of

culturing whit@ idintaiting 8h WhBiferentiatea’state o117~ 2 L Ba8Ed 87 thesefintiigst the present

inventors haye teied 0, prepase a Mmedivmrthatallows to-cllture pliripatent stenp gellswith high safety
and no lot to lot variation while maintaining an undifferentiated state by substituting or deleting

animal-derived iRgredichis. UEheyiiveicadefally 8xamitiseRingreticfs bihe bylote, shiéedt was known
that, for exgmple, in the case of substitution of an animal-derived ingredient with a recombinant
generated by genetic modification technologies, a recombinant ingredient may have a different
structure frommtheadonventionalnegredient dsived from.dm apintal ob nayl Showahidménogenic
behaviordifferentiromthe conventional material derived from an animal. Since it wag found that an
undifferentiated State ¢an be Miintaine by é[&ldin\é*é:ﬁ %Rﬁﬁﬂibi&?ﬁnto %ﬁ%qediumz}?bjrﬂﬁ'}sing activin,
as describg@ abhove,4be present inventors continued detailed examinations on the relation between
activin and other ingredients, and surprisinsgly found that the plrl%r{iglotency of a stem cell is maintained

at a high raté régardiess 8PexFsimterttér's prdficiehty iR @alturinglfechniques, by (a) culturing a
human plugipotept stem celljn afirst mediun comprising a bagalamediyim far platipatent stem cell
supplemented with an activincontaining supplement, (b) replacing the first medium with a second
medium cohaprisinig the basal medium for pluripotent stem cell and an activin-free supplement, and
culturing the human pluripotent stem cell, and (c) subculturing the human pluripotent stem cell into the
first medium, and then repeating the above (b) and (c) sequentially. It was found that use of such a
method allows to subculture pluripsiemthsateyn cé€llstos aIpretangidrperiod of time, while maintaining an
undifferentiated state of the cells, with a proportion of mqre than 4 to 5 out of 5 to 6 people in a
Iaboratory,(?ﬁ’%ﬁt‘?aé:ﬁo%%n§8ﬂ‘t?cﬁ%ll§?¥n5§/ﬁ MEFdR5YMch allow 1 out of 5 to 6 people in a
laboratory taymaintain the culture of pluripotent stem cells. The present inventors continued the
examination on ingredients that increase the proportion of pluripotent stem cells maintained in an
undifferentiated staté, andToufid that'the Ad&ii6H bf a protéia kitase € inhibitériAteithe mgdium
increased probaplityefcelishengmaiptainedinanundiiferenialed.sate.ang elininalgl fhg necessity of
mechanically removing a portion of differentiated cells. The method for culturing human pluripotent
stem cells aedordingtorthe presentinvéritiorehds thuscheert eompleted basedlfdn thiesforégoing
findi_ngs. [QQ % - é&go@{r&g{ , th}% Dresent invaerngg reliatesttgéE [114 1;f;\on_g_(_ethod for culturing a hl_Jman
pluripotent stem cell' while main aining an Gndifférentisted §tate, comprising: (a) a step of culturing a
human plusrgeinst siensedie afiest otepétn comprising a basal medium for pluripotent stem cell
supplemented with an activin-containing supplement; (b) a step of replacing the first medium with a
second med %mprising the basal medium for pluripotent stem cell supplemented with an
activin-free supplementgand gultluring the human pluripotent-stem gell; and £9)3 steprof sybculturing
the human pluripotent stem cell into the first medium, wherein after the step (a), the steps (b) and (C)
are sequeritiailifepezed NeFtherméthed agédoreing 16§ 1Fiwherei thesupplermarits 26Riprise

fibronectin, jpsylin, transferrin, 2sm rogpgoe%%@noé 2- ethanolamine, sodium selenite and. an
albumin-conjgugatedg oleic acid;%] t%g method accor ﬁlggﬁjqﬁ], wllgeregln fibroneectintli used without
being coated opansinside dfra culturg vessek {4]ihe methadvaceprdimg.to2bare3f, wivesein the
supplements tqther,compgse a prot%n kinase C jnhibitor; [5] the method for cultuiing according to any
C S 1n. ophase e N redgulres itoghn. lavel. of curLdrin
one of [1] toTZt], Wherein the basal meditm is & chémical y ined medium coniprising one or more
sugars, one or more inorganic salts, one or more amino acids, one or more vitamins and a trace
ingredient; and [6] the method for culturing according to any one of [1] to [4], wherein the basal

medium is a hESF-grow medium shown in Table 16



[0013] [Table 1] hESF-grow medium INORGANIC S;AL'I:S mg/l, VITAMINS mg/L CaC12 108.305
Ascorbic ate acid 2-phosph 100 Ca(NO2)2 25 D-Biotin 0.05185 CuS0O4-5H20 0.000625 Choline
Chloride 6.24 Fe (NO) 2.9E120 0.05

technique, though it is not impossible, often depending on
intuition and know-how of experimenters, to avolid frequent
cell death or 1loss of pluripotency in the course of
culturing.

[ 0010]

Conventional media usually comprise animal-derived
materials. For example, wuse of bovine serum albumin,
porcine-derived type I <collagen, and the 1like has a
problem of being high cost with limited supply. Also, the
animal-derived materials are usually unheated blood
products, and possible to be contaminated with vprion,

which 1s considered to be the cause of bovine spongiform

encephalopathy (BSE), pathogens such as viruses, and
heterogeneous ingredients, raising safety and
immunogenicity issues. Furthermore, lot to lot variations

in the production of such a medium is considered to be one
of the <causes that lower the probability of culturing
while maintaining an undifferentiated state.

[ 0011]

Based on these findings, the present inventcrs have
tried to prepare a medium that allows to culture
pluripotent stem cells with high safety and no lot to lot
variation while maintaining an undifferentiated state by
substituting or deleting animal~derived ingredients. They
have carefully examined ingredients one by one, since it
was known that, for example, in the case of substitution
cf an animal-derived ingredient with & recombinant
generated by genetic modification technologies, a
recombinant ingredient may have a different structure from

the conventional ingredient derived from an animal or may



Folic Acid 2.575 FeS04.7H20 0.2085 I-Inositol 16.85 MgC1.6H20 30.515 Niaeinamide 2.25925
MgS0O4 61.055 D-Pantothenic Acid.NCa 2.1825 KC1 255.9 Pyridoxal.HC1 2 NaC1 6599.75
Pyridoxine.11C1 0.2655

show an immunogenic behavior different from the
conventional material derived from an animal. Since it
was found that an undifferentiated state can be maintained
by adding an ERK inhibitor into a medium comprising
activin, as described above, the present inventors
continued detailed examinations on the relation between
activin and other ingredients, and surprisingly found that
the pluripotency of a stem cell is maintained at a high
rate, regardless of experimenter's proficiency in
culturing technigues, by (a) culturing a human pluripotent
stem cell in a first medium comprising a basal medium for
pluripotent stem cell supplemented with an activin-
containing supplement, (b) replacing the first medium with
a second  medium  comprising the basal medium for
pluripotent stem cell and an activin-free supplement, and
culturing the human pluripotent stem cell, and {(c)
subculturing the human pluripotent stem <¢ell into the
first medium, and then repeating the above (b) and (c¢)
sequentially. It was found that use of such a method
allows to subculture pluripotent stem cells for a
prolonged period of time, while maintaining an
undifferentiated state of the cells, with a proportion of
more than 4 to 5 out of 5 to & people in a laberatory, in
contrast to conventionally known methods which allow 1 out
of 5 to & people in a laboratory to maintain the culture
of pluripctent stem cells. The present inventors
continued the examination on ingredients that increase the
proportion o©f pluripcotent stem cells maintained in an
undifferentiated state, and found that the addition of a

protein kinase C inhibitor into the medium increased



Na2HPO4 21120 295.28 Riboflavin 0.2595 Nali2PO4 19 61.51 Thiamine.11C1 2.335 ZnS04.7H20
0.216 Vitamin B-12 0.34125 AMINO ACIDS mg/L P-aminobenzoic acid 0.25 L-Alanine 2.225
-Arginine 50

probability of calls being maintained in an
undifferentiated state, and eliminated the necessity of
mechanlically removing a portion of differentiated cells.
The method for culturing human pluripotent stem cells
according to the present invention has thus been completed
based on the foregoing findings.

[0012]

Accordingly, the present invention relates to: [1] a
method for culturing a human pluripotent stem cell while
maintaining an undifferentiated state, comprising: (a) a
step of culturing a human pluripotent stem cell in a first
medium comprising a basal medium for pluripotent stem cell
supplemented with an activin-containing supplement; (b) a
step of replacing the first medium with a second medium
comprising the basal medium for pluripotent stem cell
supplemented with an activin~free supplement, and
culturing the human pluripotent stem cell; and {(c) a step

of subculturing the human pluripotent stem cell into the

first medium, wherein after the step (a), the steps (b)
and {C) are seqguentially repeated; [ 2] the method
according to [ 11, wherein the supplements comprise

fibronectin, insulin, transferrin, 2-mercaptoethanol, 2-
ethanclamine, sodium selenite and an albumin-conjugated
oleic acid; [ 3] the method according to [ 2], wherein
fibronectin is used without being coated on an inside of a
culture vessel; [ 4] the method according to [2] or [ 3],
wherein the supplements further comprise a protein kinase
C inhibitor; [ 5] the method for culturing according to any
one of [ 1] to [ 4], wherein the basal medium 1is a

chemically defined medium comprising one or more sugars,



MISC. mg/L L-Argininc.HC1ﬁ94.'75 NaHCO2 2000 L-Asparagine-H20 16.2525 Gluthathione 0.25
L-Aspartic Acid 8.325 Thymidine 0.1825 L-CystineHC14120 47.5725 Hypoxanthine 1.02
L-Cysteine.2HC1 7.88 Lipoic acid 0.0525

one or more inorganic salts, one or more amino acids, one
or more vitamins and a trace ingredient; and [ 6] the
method for culturing according to any one of [ 1] to [ 4],
wherein the basal medium is a hESF-grow medium shown in
Table 1:

[ 0013]

[ Table 1}

10



L-Glutamic Acid 8.675 Linoleic acid 0.021 L-Glutamine 549.65 Phenol Red-Na 6.56 Glycine 19.375
Putrescine-2HC1 0.04025 L-Histidine.HC1. 23.165 Pyruvic acid.Na 110 L-Hydroxyproline 5
L-Isoleucine 65.935

hESF-grow medium

INORGANIC SALTS meg, L VITAMINS mg. L
Call, 108. 305 gﬁ;ﬁgg;;ai‘gld 100
Ca (N0, 25 | D~Biotin 0. 05185
CuS0,-5H,0 0. 000825 | Choline Chloride 6. 24
Fe (NO,) , 94,0 0.05 | Folic Acid 2,575
FeS50,-7TH,0 0. 2085 | I-Inositol 16.85
MgC1-6H,0 30. 515 | Niacinamide 2. 25925
MeS0, 61. 055 gj{g‘_‘%gzhamc 2.1825
KC1 355.9 1 Pyridoxal -HCL 2
NaCl 6589, 756 | Pyridoxine-HC1 0, 2655
Na HPO, 2H,0 206,28 | Riboflavin 0. 2585
NatL,PO, H,0 61.51 | Thiamine -HC1 2.335
Zn30,-TH,0 0.216 } Vitamin B~12 0. 34125
AMINO ACIDS mg L | Preninobenzoic 0.5
L-Alanine 2,228
L-Arginine 50 | MISC. mg. L
L-Argininc-HCI 94,75 | NaliCO, 2000
L-Asparagine-H,0 16. 2525 | Gluthathione 0.25
L-Aspartic Acid 8. 325 | Thymidine 0. 1825
L-Cystine-HC1-HO0 47, 5725 | Hypoxanthine 1.02
L~Cysteine- 2HC] 7.88 1 Lipoic acid 0. 0525
L~Glutamic Acid 8.875 | Linoleic acid 0. 021
L-Glutamine 549, 65 | Phenol Red-Na 5. 56
Glvcine 19, 375 | Putrescine- 2HC] 0. 04025
i-Histidine-HC1- 23,165 { Pyruvic acid-Na 110
L-Hydroxyproline 5
L~Tsoleucine 65. 935 | D-Glucose 2000
L.~Leucine 68. 225
L-Lysine-HCI 92,175
L-Methionine 19.87
I.-Phenylalanine 37.99
L-Proline 13. 625
I-Serine 31.125
L-Threonine 55, b25
L-Tryptophan 9. 76
L-Tyrosine- 42,38
L-Valine 54. 825

[ 00143

Furthermore, the present invention relates to: [ 7] a

kit for culturing a human pluripotent stem cell while

maintaining an undifferentiated state, comprising an

11



D-Glucose 2000 L-Leucine 68.225 L-Lysine-HC1 92.175 -Methionine 19.87 L-Phenylalanine 37.99
L-Proline 13.625

activin~-containing supplement, an activin-free supplement
and an ingredient of basal medium for human pluripotent
stem ceil; [8] the kit accorxding to [ 7], wherein the
supplements comprise fibronectin, insulin, transferrin, 2-
mercaptoethanol, 2~ethanclamine, sodium selenite and an
albumin-conijugated oleic acid olelc acid; [ 9 the kit
according to [ 7] or [ 8], wherein fibronectin is added to
the supplements; [ 10] the kit according to any cone of [ 7]
to [ 9], wherein the supplements further comprise a protein
kinase C inhibitecr; [ 11] the kit according to any one of
P71 to [10}, wherein the basal medium i1s a chemically
defined medium comprising one or more SUgars, One Or more
incrganic salts, one or more amino acids, one or more
vitamins and a trace ingredient; [ 12] the kit according to
any one of [ 7] to [ 10], wherein the basal medium is the
hESF-grow medium shown 1in Table 1; and [ 13] the kit
according to any cne of [ 7] to [ 12}, further comprising an
antibody, a probe or a primer against an undifferentiation

and/or differentiation marker.

Effect of the Invention
[ 0015]

By using the method according to the present
invention, human pluripotent stem. cells can be cultured
and grown while maintaining an undifferentiated state.
Such piluripotent stem calls maintained in an
undifferentiated state can be induced to differentiate
into cells of interest by treating under suitable

conditions.



L-Serine 31.125 L-Threonine 55.525 L-Tryptophan 9.76 L-Tyrosine- 42.36 L-Valine 54.825
00141

Brief Description of Drawings
i 0016] [ Figure 1] Figure 1 shows results of measuring the
adhesion ability of respective cells to collagen I,
geliatin, laminin, and fibronectin. FEach of the results of
human ES cell line XhES-1 (a), human 1iP$S cell line Tic
(JCRB1331) () and embrycnal cancer cell line PA-1
(JCRBY0OEL) {c) are shown.

[ Figure 2] Figure 2 shows graphs of the analysis on
percentages of positive TRA-1-60, SSEA-1, SSEA-4, or Nanog
expression cells by flucrescent immunostaining of cells
cbtained by culturing ES cell line HY (WA09) in a medium
comprising hESF9 medium supplemented with oleic acid
and/or BSA or rHSA . The wvalues when cultured under
culture condition (1) are expressed as "1" and ratios to
the values are shown for the rest.

[ Figure 3] Figure 3 shows micrographs of cells
obtained by culturing ES cell line HY9 (WA09) in a medium
supplemented with oleic acid conjugated with rHSA, and
flucrescent immunostaining of the cells with TRA-1-60,
SSEA-1, SBSEA-4, cr Nanog.

[ Figure 4} Figure 4 shows the state of cells of the
cell line HY9 (WAQY9) at passage 2 cultured in a medium in
which heparin is removed from hESF-9.

[ Figure 5] Figure 5 shows micrographs of the ES cell
line HY% (WAO9) cultured in an activin-containing medium
(a) and after medium change into an activin-free medium
(b).

[ Figure 6] Figure 6 shows micrographs of cells of
the ES cell line H® (WACS%) at passage 1 to 6 cultured by

the method according to the present invention.
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Furthermore, the present invention relates to: [7] a kit for culturing a human pluripotent stem cell while
maintaining an undifferentiated state, comprising an activin-containing supplement, an activin-free
supplement and an ingredient of basal medium for human pluripotent stem cell; [ 8] the kit according to
[7] , wherein the supplements comprise fibronectin, insulin, transferrin, 2- mercaptoethanol,
2-ethanolamine, sodium selenite and an albumin-conjugated oleic acid oleic acid; [ 9] the kit according
to [7] or [8] , wherein fibronectin is added to the supplements; [ 10] the kit according to any one of [7] to
[ 9], wherein the supplgithents further comgrisesa protein kifase € inhibror§EEjthe kit aefording to
any one of [7L{p {101, uherein ihe basal mediyn is.g chemjcaly defined medium eqmprising one or
more sugars, one or more inorganic salts, one or more amino acids, one or more vitamins and a trace
ingredient; §<1.2] thé kitsaceSrding A0 @any ane pk[F$ tarpl0} , whérein the bagaltmediumtis the
hESF-grow medium shown in Table 1; and}[ 13] the kit.according.to any one of [7] to [ 12] , further
comprisingaé:ncgﬁﬁigéb@, & probeSor pifmer agaist’ a%lﬁﬁdiffer%%ﬁgt—gn and/of ditferehfiation marker.
Effect of thglpwgntion 0016h, TBy-usingpthe smethadaccordingde the presentiaventions human
pluripotent stem cells can be cultured and grown while maintaining an undifferentiated state. Such

pluripotent3teni tefis Afafiftainedtin ah Uiiffeténtiatéd stafdEan'be ndttiéed td°différentiaté into cells
of interest by freating under.suitable.conditions: Brief:Description of Prawings)[0016] [Figure 1] Figure

1 shows results of measuring the adhesion ability of respective cells to collagen 1, gelatin, laminin, and
fibronectin. Each of fhiecreselts 6f huhanBS:celBlineskk®ES-1 (&) churaar iRS celf lineFic(ICR31331)
(b) and embryanal cancer cell lin PA-l%JCR 9061 c% are Esspéo n. [Figure 2] Figure 2 shows
Graphs of (e Sna o G perchALL f Bt e A S0 SEER 17 BSEAA, & Nars xpression

cells by fluerescent imeunestaining aficells obtained by, culiueingiESeell linedd9-QWAP9)-iv a medium
comprising hESF9 medium supplemented with oleic acid and/or BSA or rHSA . The values when
cultured unde¥ chtGeConditior=A) &7& expressed as "1" and ratios to the values are shown for the

rest.  [Figure 3} Figyre-3 shows micrographscof cells pbtained-by eultring ES cell ling H9 (WA09)
in a medium supplemented with oleic acid conjugated with rHSA, and fluorescent immunostaining of
the cells witH TRALEB0L SSEAIEISBEASAPOTIREITEY-©C  {Figurd 4] Figute 2 shéwsae Sfate of cells

of the cell lipe HY (WADS) at passage 2 cultured jn.a medium in which heparin is removed from
hESF-9. [Fci)gurey5 llzglg)jtl?rgi % sk%gwg }rfnc%r%jg?ap!ﬁ"snc?f%ﬁe ¢ V\I!CI;lLr%ge Hiépt%\},&)@%ochltured in an
activin-containing medium (a) and after medium change into an activin-free medium (b). [Figure 6]
Figure 6 shows mlcrographgiof cells,of the ES cell %%th(g\;vs%og ear}tpassage 1 to 6 cultured by the

method according to the presoecri]?in?/%n o }'If'lagre gure gwsexﬁ“r(é?sionof undifferentiation and

differentiatiomtmarkers in the ES cell line H9 (WAQ9) at passage 5 cultured by the method according to
the present invention. SSEA-3, SSEA-4, TRA2-54, TRA-1-60, TRA-1-80, and 0D90 indicate
expression of an u%diﬁ@?é%ﬂatidﬁ?ﬁa%?ﬁﬁ&%E@A-?%TOQW%@“&Z%Wi&%%xpression

of a differeptiatian marker. - 1 . ilFigues, 8] Figure &-shows thestate of cellscultyred ina rpgdium
supplemented with 0, 20, 40, 80, 160, or 320 mg/well of fibronectin by the method according to the
present inverfior JFRfPE OJFIGiie Olsiowssthe State df celis duttiked miahiedium sappglemented with

?ﬁvle'nzti-gr'] 5[%%r1]7i]0ci'\"1%f myrizteylated profein kinase C negtidg infubitor. Mode qf. Garrying Qut the
human pluripotent stem cell in a first medium comprising a
basal medium for pluripotent stem cell supplemented with
an activin-containing supplement; (b) a step of replacing
the first medium with a second medium comprising the basal
medium for pluripotent stem cell supplemented with an
activin-free supplement, and culturing the human
pluripotent stem cell; and {c) a step of subculturing the

human pluripctent stem cell into the first medium; wherein

after the step (a), the steps (b) and (C) are seguentially
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A method for culturing a human pluripotent stem cell while maintaining an undifferentiated state
according to the present invention is not particularly limited, as far as it is a method comprising: (a) a
step of culturing a human pluripotent stem cell in a first medium comprising a basal medium for
pluripotent stem cell supplemented with an activin-containing supplement; (b) a step of replacing the
first medium with a second medium comprising the basal medium for pluripotent stem cell
supplemented with an activin-free supplement, and culturing the human pluripotent stem cell; and (c) a
step of subcedtarng the humamn plusipdtént sfem cell:into: the: firstmédiuay whereinl afieethe step (a),
the steps b)Cand (Cgﬂe sequ ntialg reltgt(:eated, Also, a kit for (:ulturirr%%e[?1 human pIurg%tent stem cell
while maintaining an andifféfentiated State acébrilifg to'the Brésent frivehtion i$Hot SarticGlarly limited:
as far as itdg addt-comprising aisspplaneat-and abasakmediumdngredient for pluripotentstem cell.
"Medium" herein refers to "medium ingredients" that allow to culture cells, in a state where water is
added theretd " Wasile A&int@iRingSan-indifferéntidtbd SPtR™ hEreit réfefs-to 2 stars iamitdining the
properties of puipotent gells to, maintain.sglttenewal capacity, andto have ability tq.differentiate into
all types of cells present in the living body. [0018] The presentinvention isdirected to human pluripotent
stem cells."Exghples oftieepluripstéatstetnceellsiintlude émbryenicestem”cetls ¢ES eelis)y which are
isolated from early embryos;.embryonic germ cells KEG cells), which are jsolated from primordial germ
cells at a ﬁét%l é%%gu(gge (?rle?%?nﬁ]g‘, Proc 'T\?gctFAgglde 86i Ué&.ef%}g gssd 619 ];:%gfjmline stem
cells (GS csiis), whichrareriselated:-from smeonatakiestes{sae:for exampler Mature. 2008; 456:344-9);
stem cells derived from bone marrows such as jliac bone marrow and jawbone marrow; mesenchymal

stem cells SG&R 58 stefrPcells derived Fom d8fndsbdis8u8%and rfficiaFBiaREGEREStem ¢Blls derived

from somatic.cellg (ardnduced pluripetentstem-cells (IPS1gellsYnwhich axe ghtained by.inducing
dedifferentiation of somatic cells from subjects themselves by introducing a plurality of genes into the
somatic celis stiétY 8s &kin celly, arel Havé pRirvstericyfequalte thdtof E8 edlso andpatticularly,
human ES.cells.such;as @H@agil%%ggllﬂla% 9 (WA09), human ES cell line H1 (WAO01: National Stem
Cell bank, WISC Bank) and KhES-1, KhES-2 and KhES-3 (all from Laboratory of embryonic stem Cell
research, Institudé for Frontier Medical Sciences, Kyoto University), HES3, HES4 and HES6 (National
Stem Cell bank, Mgnash University); iPS cells %uch as iPS cells obtained by introducing Oct3/4, Klf4,
C-Myc and Sox2 geneés (Riken BidResotrce Center: Kyotd Unf%le?ﬁﬁlﬁei S céifline lﬂég@]@RBlwl),
iPS cell linelRotcomt(dCPB4827), Seueaky (JORBE3ZD) and IR selbling-Tpe {eelkling:1GRB1338),
iPS cell line Lollipop (cell line JCRB1336) (from National Center for Child Health and Development;

JCRB cell bahk SReeatdi6n BiieaseBiGrestiites” NativnaFristifiité of Biont&tical Iftdvation), iPS
cell lines UTA-1.andUTA-L;SF2:2.(both from.University,gf Tokyo), iPScells qhtained by:jatroducing
Oct3/4, K1f4 and Sox2 genes (Nat Biotechnol 2008; 26: 101-106). [0019] The basal medium for
pluripotentcstémsdell 1seddn the present mvedticrristhade particularyliroited; asSad as itts a medium
that allows:{o,cjture. human pluripgtent stem cells while maintaining an @giffigg%t)iat?g state when
supplementeé with the supplement accordlngpto the present invention, but preferably it'is easy to
prepare, pkefefabiz & €hémicatly defitiecemediam fargpréventing lottallot yariatien,qarefetably includes
one or more Sli%al’s, one or more inorganic salts, one or more amino acids, one or more vitamins and

one or moreéfrace ingredients, A May ihclude aritbictics suchtas %ﬁ%%@n, al &ppFSpriate, to be

used for drugosusceptibiligutest (0020} e Bxamplesof the afprementionsd sugars spegiically
include monosaccharides such as glucose, lactose, mannose, fructose, and galactose, and
disacchari@&§ 8udas dict6s& Thaitdee Erfelactbse, FHuRHThiHEIONRYGf ORe TR MGrewt these sugars
are also avallahle, ut gluggse, ispartioularlypreferable amond these. A .. Exemples of the
aforementioned inorganic salts specifically include one or more inorganic salts selected from calcium
chloride, caleilim nitfate ccoppep Sulfateqpentahysrate, icor hitrates (ily dndhydratecfexrous sulfate (11)
heptahydrace, magnesium chloride hexahydrate, magnesium sulfate, potassium chloride, sodium
chloride, d?s%ﬁf’usm hy%?ogjéﬁgllulgsep a )?L&igégia%neﬁ;drosg%%rf)hocs:%%tée diﬁjy%)réate?gggiﬁ dihydrogen
phosphateysadium dibydrogen phasphatesgihydrate; endzincisulfate beptabydrate.Any-af inorganic
salts or combinations thereof can be used, as far as they are ingredients that act favorably for
maintaining @Y Uniditferéntiated Siafe of PRiFipoleht StmtENs 23]y introducing a
Examplesefthaaforementignegdaminoasids spegificallypglude ong.of more aming acids selected from
alanine, arginine, asparagine, aspartic acid, cystine, cysteine, glutamine, glycine, histidine, glutamic
acid, hydr&8/préline Zi86leliciiNe, |EUckTe, Iysire fietlighme, prienyiatdnineL prbfineseérine, threonine,
tryptophan, tyrosine, and valine. Preferably, the amino acids are L-amino acids, derivatives thereof
and salts thereof, and their derived compounds, such as hydrates thereof. Examples of the
aforementioned arginine include, for example, argjrine-derived compounds, such as L-arginine
hydrochloride and L-arginine monohydrochloride. Examples of the aforementioned aspartic acid
include aspartic acid-derived compounds, such as sodium L-aspartate salt monohydrate, L-aspartic

acid monohydrate, potassium Laspartate, and magnesium L-aspartate. Examples of the
aforamentinned cveteine incliide cveteine-darivved comnniinde crich ac | -eveteine dihvvdrochlaride



-

monohydrate. Examples of the aforementioned tyrosine include tyrosine-derived compounds, such as
L-tyrosine disodium dihydrate. Examples of the aforementioned histidine include histidine-derived
compounds, such as histidine hydrochloride and histidine hydrochloride monohydrate.Examples of the
aforementioned lysine includelysine-derivedcompoundssuchasL-lysine hydrochloride. [00231
Examples of the aforementioned vitamins specifically include one or more vitamins selected from
ascorbic acid, biotin, choline, folic acid, inositol, niacin, pantothenic acid, pyridoxine, riboflavin,
thiamine, VRtamINFB I Z, Tahdl garhvamifoBenzofe acide(PABA) sdetivatives bitthiase fiigretients and salts
thereof, ang ,tggirgfri\/i{%%mpogﬁ%saguqéhascggi ra&elsntgeﬁelof. (% ;::)Iel?1 acl){%en%ffr%pggtioned
ascorbic acid inclu e, for example, ascorbic acid-derived compounds such as ascorbic acid
2-phosphate; Magnesium ascotbyk phasphate] sgditii-ascaorbyt Sulfate namiRbpropyl ascotbyl
phosphate, and s%dium ascorbyl %os hate. Examples of the choline include choline-derived
compounds “Stieh 88 &hdhi %Kc‘g OCE' e?%?g%%ifgscof ﬁgrﬂie{:c?ﬁ%cﬁj%%erﬁgaﬁ-’deﬁ%& tbiipounds, such
as nicotinicragid, niestiniccacicvamide-and picotinisalcohal, Exampies of the; pantpthenig acid include
pantothenic acid-derived comnpounds, such as calcium gantothenate, sodium pantothenate, and

panthenol. Exatpled st the pyridoxind ectdde pyridoxih&derived-compdiiité; suck@83ifidoxine
hydrochlorigle; pyridaxal hydrochloride, phosphaterpyridoxal -and puridaxarpjpe, Examples, of the
thiamine include thiamine-derived compounds, such as thiamine hydrochloride, thiamine nitrate,
bisthiaminé- hitratel thiaminedicetyl$ulfatéldster saltHirsultiantine hydPochierides octokiakine, and
benfotiamine.The aforementigned ascogbic acid.is preferred tq be added. 4] . Preferably, the
aforementi%ﬁggig frace ?r?geredalgﬁg%searré in%%g |8nt§s Itjhg)a‘{earcﬁ:ts %a? ?éblyl%% m%%g\%ni]%é%% uﬁﬁﬁﬁfere);\tiated
state of plutiporent 38am celld, #dncluaiag ingredieats gerteratly uset-as ainediym ingreshient such as
glutathion %goxianthine, lipoic acid, linalenic acid, phenol red, putrescine,}%/ruvic acid,

thymidine,ee{r‘? éé%{aﬁdlﬁleﬁ\%%ivgg&fghe%ér?ﬁgrga%n@ﬁﬁ& saltS theredt-and tHeir derived

compoundg such as;hydrates thegeef, far-example; putrescinedihydrochioride, andsadiym pyruvate.
[0025] Specific examples of the aforementioned basal medium for human pluripotent stem cell

include medRi&dch dscpublielykhoWh Themically defmie fiedrnsuch dstdoniifidreiabPBlbecco's
modified Eggle medium (DMEM)  minimumm essenfial mediurg (MEM), basal mediym of Eggle (BME),
RPM11640 medium, F12 medium; media in which any two or more of these media are mixed in a
suitable rafi, sueh as2DMEM/FL2 medium (tHEmedium inwhichiIDMEM and! FI2/nédiaBre mixed at
1:1); and media in which these media are.supplemented with the aforementioned ascarhic acid,
preferablyn%s?:ior |coa?c}|1d ﬁ-r Sﬁlosprhja}fee.rp%r“’" able &n%}ﬁ?p%gé pér igjﬁﬁﬁﬁclﬁ egﬁégﬁ media of the
compositions shownda dabled-above (kereaftesnalscsieterregdnas "nESk-gowemeding’) as an
animal product-free basal medium, [0026] Moreover, examples of the concentrations (contents) of
the individdai %ediaﬁrinér(‘e]dl'érﬁé bbove, for example, those of the individual ingredients of hESF-grow
medium, inclugteghe concentration range of 0 to 200 for each ingredient, preferably the concentration
range of 40 to 160, more preferably the concentration range of 80 to 120, and further more preferably
the concentration raf§e BFSGto 119 astormpared 18 fre edReentraticns cfsespeetiveingfedients
shown in the, compasition ij_'?ﬁ%'éﬁi%‘{‘{ ”lesd'%éb%%vé'%'ﬁﬁ is taken 9%311»999 For.example, for
L-arginine, preférable examples of its concentration include a conceniration of 0 to 100 mg/L,
preferably aoncentrationef @040 80hmy/Ls hicrepreferahly aconcentration-afi40. too6@ mg/L, and
further morg, preferably,a congenuaton o 45 10 I8 ML, unaitrerentiated state

when supplemented with the supplement according to the

present invention, but preferably it 1is easy to prepare,

preferably a chemically defined medium for preventing lot

to leot wvariation, preferably includes one or more sugars,

one Or more inorganic salts, cne or more amino acids, one

or more vitamins and one or more trace ingredients, and
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[0027] The supplements for use in the method according to the present invention are not
particularly limited, as far as the addition of such a supplement to the aforementioned basal medium
for pluripotent stem cell produces a medium that allows to culture human pluripotent stem cells while
maintaining an undifferentiated state. Specific examples include those comprising an ingredient such
as fibronectin, insulin, transferrin, 2-mercaptoethanol, 2-ethanolamine, selenium, FGF-2,
albumin-conjugated oleic acid, a protein kinase C inhibitor.The supplements may be used as a
combinaticmegf multipledseparatesuppiemnents @ach cohsisting of. ane asmope obthei aforementioned
ingredient%f%r}:?s a singlefcom ined supplement 00£nprising many of the aforementioned ingredients.
[0028] & first riedium for aS€in't ecrﬁg%%}alaclctéydiﬁﬁ - the present invention is not particularly
limited, as|famasthe addition of the activin-containing supplement to the aforementioned basal
medium for pluripotent stem cell produces a medium that allows to culture human pluripotent stem
cells. The second MEHMTST uSé inthE matHUEEcEOFIRG 16! the Pédent imveRtidn isaotparticularly
limited, as far.as,the addition, of the.actvin-free supplement.tothe aforementioned basal.medium for
pluripotent stem cell produces a medium that allows to culture human pluripotent stem cells. The
aforementibhed Eetivin-cortaidingstippiementis ndt-padichiary fimited nas far asdtiszosepplement
comprising, a{jvin. but preferably.a.supplement. optaining fibronectin Examples of the
aforementioned supplements’inc Gde ‘supplfements comprising oné or more mgre%le*nefs seﬁected from
fibronectint inssitin, transferrin, 2-mercaptoethanok 2a ethanoiamingyseleniym; E&F=2, albumin, oleic
acid, and a pratein kinase C inhibitor; and supplements comprising a combination of fibronectin and
one or moFE Thgrédients séléctéd frortinSulit tFihsfeifif ©2-mercaptoethanol, 2- ethanolamine,
selenium, FGE=2; albumin, oleic acid, and a protein kinase C inhibitor. Preferable examples include,
for example, a supplement comprising fibronectin, insulin, transferrin, 2-mercaptoethanol,
2-ethanolamine, s&EATR,SFGF-2 alblimith antifthesieie Geid: afd a'suppiemernit cofiptising these and
further corapising aprelen kinase &niblor 00281 . ; g aforementioged fist medium.
fihronectin may be applied to the inside of culture vessels as a toating and used as an ingredient
constituting scsupplementto beladdedde the afdrementioneddrasal mechigmdor pluripotard stem cell to
increase the cell-culture vessel adhesiveness, or may be added together with other supplement
ingredient? ?on%%gﬁég:aﬁneédiun%W%ou?égeﬁ%%etheaigggé of %%ncagﬂ eré: feseel. é%erﬁf?c ?Iy, a first
medium (hereaftarealsa refered to:as;dfiest anediumldcambe-prepatett:by. ceatingia guktyre vessel
with fibronectin, and then adding activinandtheaforementionedsupplementwithout fibronectin to a

basal mediifi Gt & Preféranté fifst mEGiATEis Plepafed by Bating 8 Eultlire YBS&81 ity a
fibronectingand themadding;a sombinatiog-ofactivin and asmixture of insulin, d@@gﬁigte

2-mercaptoethanol, 2- ethanolamine, selenium, FGF-2, albumin and oleic acid to a basal medium, and
more prefétablydarher adtihsy aproléin kinaseea inilsitorhWihen using fisrorseidtinavithtn coating the
inside of t I ssel,.a fir edium. (hereafter al ferred to as, "first medium JI") can also be
prepared E% gg’é}iﬁg g%tiv%g 8 ]'?h%21 Sf’orearr%rl(gr}tiEZJrllatre1 su%pép%r%ie:r?t tglg %%%V%?% Fuerﬁ togz!éf%%r. [003()]
A second medium tereaftersalso seferred dolasnsecond mediumd') camrbeé-prepaser by goating the
inside of a culture vessel with fibronectin, and then adding the aforementioned supplement without
fibronectinﬁ%ra basal nietfidm: Bata pretérabie §édond rﬁ%aiﬁm Fi§ refara B coating ¥ culture
vessel withfbrongctinnand:then, addingdnsulin; transfering 2emeyeapioethangh -etharglamine,
selenium, FGF-2, albumin and oleic acid, and more preferably further adding a protein kinase C
inhibitor. A°§ecohd medium (hereafter also referred to as, "second medium 11") can also be prepared
by adding the;aferementioned supplement to a basal medium; but a preferable second medium Il is
prepared by adding fibronectin, insulin, transferrin, 2-mercaptoethanol, 2- ethanolamine, selenium,
FGF-2, albumin artkeleiclacid to a basaltrhediunstbgetierpandmote preferably furtheri ddding a
protein kinsas% o H\éb%p{ Whgg ]gg%gfor%rgentrio?neodr girsgmm%dium I.i%to be fseg,tger%using the
aforementioned second meditm 1S pre?erab?e, and‘when the aforementioned first meditm 1 is to be
used, thenausing the, aforementiored secondrmedivm |l is preferable. [803%], cystine,
Therespectiveingredientsconstitutingthe aforementioned activin-containing supplement and/or the
cysteine, glutamine, glycine, histidine, glatamic acid,
hydroxyproline, isoleucine, leucine, lysine, methionine,

phenvylalanine, proline, serine, threonine, tryptophan,
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activin-free supplement are preferably of animal product- free grade.Examples of the ingredients of
animal product-free grade include recombinant proteins artificially produced and purified by
genetically-modified technologies, chemically synthesized products, and plant-derived ingredients that
are not animal-derived ingredients,butactsimilarlytoanimal-derived ingredients. Examples of the
aforementioned recombinant proteins also include proteins whose structures are not same as those of
animal-derived ingredients, such as tagged proteins. Examples of the chemically synthesized products
include defivativesiferesfaghdvsaltsthereof ranthiydrates théreoR (003212 < Ldexamples of the

aforementigng JoroRedtn, Inatide Datrally.deriyed Irenedtly sudh 23 pejeinesderived fgronectin,
bovine-derived fibronectin, or human-derived fibronectin, known as a type of extracellular matrix
(ECM); andt fibronectireafianimhal productiress gradeinbluding recombirzard fibroneetir;cstich as a form
of fibronec%in made from rgcomginant %NA that its,identical or modified to bovine, porcine or human
fibronectin“f0633] =% When the aforementioned fibronectiid Uisetlas a toating, it cahBe used with
well-known:methads, sugh@srphysicak adseiption: apd intraduction©f a keactivefupetionad group into
the cell adhesion region of the culture vessel and immobilization of a cell adhesion factor onto the
surface of ﬂw%d\%%qkﬁﬁéﬂ%id%”d? tHe Fe<sel) By PehBfical Hoha c8padificily, exariplas ficlude a
method of gpplying & solution semprising fibranectin tQ@i@ltyfﬁﬂ%wlJQ{{}Q@TB'%@E@-
concentration of 0.5 to 5 ,tg/cm2, preferably 1 to 3 Rg/cm2, more preferably, 1.5 to 2.5 lig/cm2;
allowing toSstEAd with aveidihgelay dricti$br examplest 7@} for I-tdskkdarsepreferdbly for 2 to 8
hours, and_mare preferably for 3 1o 5_haurs; and aspirating the aforementioned solution just before
inocuIatingn{rT)C}%l}rOlng1 t(gﬁta s?t%r’n ce |s?%r§3 ?%ét%meafjﬁanﬁ%rg?ﬁg %@otn% me%?utrﬁl Sascég%ingﬂto the
present inventien ‘cande preparedbyradding thé ingredientstether thandibhsaractinmaf thene
activin-contajinin sug lement or the activin-free_supplement tg the aforementioned basal medium for

pluripotent St CER" A Prbarifg 1 Riediitt o the FbFarBrUR comiing 0034122 Wien using the
aforementigned fibrarectin as admedivm ingredient; the fikst medjum angd{or the seeand; medium for
use in the present invention can be prepared by adding the aforementioned fibronectin as an
ingredient %ﬁﬁﬁﬁﬁﬂ@ﬁé%orgrﬁéﬁﬁdﬁje?ﬁéé’c'rvin%taﬂaﬁfg%lﬁoﬂ%éﬁﬁ%dfﬁ?@ﬁ@%@fﬂﬁm-free
supplement to.the afarementic hasakmadiym,for human plurippient stem cell, for example, at a
concentration of 1.0 to 100 Rg/mL, preferably 5 to 75 lig/mL, preferably 10 to 50 pg/mL, and more
preferably 25 %o dBetgimbnfd35p L ut &Examplescafihe aforémaéationddiinsulininclisdel matdrally
derived insg(l}ilnﬂ sggp@g porcsiglc%-QerivaeSd instilgllgg\éirgeaderig%quifulrin% o(gshgénar;ﬁderi\ge | insulin; and
insulin of animal produdt-free grade, including rTécombinant insulin, SUCH &S & fofm of Mstlin made
from reconbinant2NA thatfis identical os modifiechtoileowine, pofeine o disman insutin.freferable
examples particularly include human recombinant insulin (recombinant human insulin). The first
medium arftfi&AthdSee8nd ffediGh for GSERAIREBresent iehtion Tan be'prépared sy abding the
insulin as an-ingredient:constituting:the afareragntioned activin-containing.supplementand/or the
activin-free supplement to the aforementioned basal medium for human pluripotent stem cell, at a final
concentratioh e L 20 p§RsLLpreftably Bho TS prpmldmore preferalsly 7.53:t0- ¥ZSR/L, and
more preferaty 9:ig.11 Ra/m[a036] Example althe gforementioned ransfeiin nglyde naturally
derived transferrin, such as porcine-derived transferrin, bovine-derived transferrin, or human-derived
transferrin;rarringalire of amimah peoduct-dreecgrade ciacluding recombinanttransfersin, sach as a form
of transferrin made from recombinant DNA that is identical or madified to bovine, porcine or human
transferrin.hﬁrge]%érgﬁ%eexarﬁglrgg %Cgﬂt;c%]fé“r%einclu%ne umglﬁ‘ ?ézclo%trfiﬁant R’é{ﬁlﬁg ' &5&grﬁbinant
human transfersinycand-apo transfesrmnwhich has lowjren camtentissmeore peeferabledhan holo
transferrin, which is bound to iron. The first medium and/or the second medium for use in the present
invention chi be i pared’By-38aNGIRE HansferfifRas tiingredieititonstifuting'the &fdrefhentioned
activin-containipg supplement and/or the activin e supplement to the aforementioned basal medium for
human pluripotent stem cell, at a final concentration of 0.1 to 50 tg/ral,, preferably 1 to 20 lig/mL, more
preferably 24848l 1.tg/mL, and further more preferably 3 to 7 lig/mL.

Examples o©of the aforementioned wvitamins specifically
inciude c¢one or more vitamins selected from ascorbic acid,

biotin, choline, folic acid, inositol, niacin, pantothenic
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[0037] Preferable examples of the aforementioned 2- mercaptoethanol include that of animal
product-free grade, including chemically synthesized product produced by an ordinary method. The
first medium and/or the second medium for use in the present invention can be prepared by adding the
2-mercaptoethanol as an ingredient constituting the aforementioned activin-containing supplement
and/or the activin-free supplement to the aforementioned basal medium for human pluripotent stem
cell, at a final concentration of 1 to 20 !AM, preferably 5 to 15 jiM, more preferably 7.5 to 12.5 1.1.M,
and furthenmore preferably-9itos],1 f1MJ[0038]iBreferalileexarsplesaftieaierementjongd
ethanolamine include that of anjmal product-free#rade, including a chemicallyﬁ]?gnthesized product of
t

2- aminoefhahal, &S0 CHNEH A8 Honodthgholaftifie ‘Produced by &t drtfirtary fithod ! FR& first

medium andi{gr-theisecond smedisin for usedrdher presgat inventionyean be prepargd by adding the
ethanolamine as an ingredient constituting the aforementioned activin-containing supplement and/or

the activinfEe supplerieht 5 fife afbferfiertioneld badalmediam foP hurman prurpotetstém cell, at a
final concentration of. | to 2Qpreferaply s to 15 11M, §Eprefg@@(%g 510 12,5'AM, and f rther more
preferably 9 to 11 pl. [00391 The afc’)rementioné%%geleﬁium includ:ég selen%@édreriq\%#ves thereof
and salts theraoftantkhydrates theteof Exantples inctude tRatwf @amirhalproductfree gtade, including
selenic acid, sodium. selenate, sodium selenite, and sodium hydragen selenite chemically synthesized
by an ordir?asrgzl?ﬁ:é%t%d.@%%%?gtarg%diur%cginldiéﬁr the’ gé}c%) met :?]Lrﬁafté? aseihthe %Feo iLinvention
can be prepated by adding-thesetenium as aa ingeedigntrconsiiiiingrihe aforgmentiones.
activin-containing_supplement and/or the activin-free supplement to the aforementioned basal medium

for human ‘plaiBotént stem 'taf, A And TontentradondoriespBnding 18 Ao 4o M Bréterably 10 to
30 .L171, more preferably 1510 25+iMand further mere preferably, 18 t9;22. 1AM, of sodiym
conversion selenate. 0040] Examples of the aforementioned FGF-2 include basic fibroblast growth
factor-2, alseFPoWnCasrBFGE, inclidivg natifally défivead FGFS2, suchcas:poreine-derivied, FGF-2,
bovine-derived FGF-2, or human-derived FGF-2: and FGF-2 nimal product-free grade, including
geneticalIy-rlnodifiedlrecomt;{mant' urﬁ\éarfIa F§F-2}§f§1 4s a fo%rin%é}h?aél:-z dn}#ggén E?“rfoegrﬁ re%%mbinant
DNA that is identicalaranbdified to bovide, porcinedsr humart EGRe2.1Preferable-exaniptesi particularly
include recombinant human FGFE-2 (recombinant human FGF-2 é({thGF-Z)). The first medium and/or

the second MEIHI 6+ use it H1e presdfit inveribh cah be préBared By adding the®EEE % as an

ingredient senstituting the-gforementienadactivin-containing stpplementand/ar.the activig-free
supplement to the aforementioned basal medium for human pluripotent stem cell, at a final
concentratigiFéf0:¢ to°50 hgiL HrefiaBiyacto 20MRANE dhorePreferably Ftorz Agaisand further
more preferahly 4-10,6,pglml. [0041],; f=xamples of the aforementioned oleig,acid include .
plant-derived oleic acid and oleic aag chemically synthesized by an ordinary method. The first medium
and/or themeedrd reediumafort uselin the present inventioretan be prepared dy addingithe=oleic acid as
an ingredi%m@ltﬁ%gégtutir{qlt;{ﬂgmalfgree_rgeer%tio‘pégg acgjiviﬂq-cgg}la&ging sggtglgmegts an /gn the activin-free
supplement t6 the aforementioned basal mediun for human pluripotént stem cell, A final
concentrationief@:i te 50Rg/mLpreferably 5 toita-lig/ml, more preferabhye7.5 40 41 5:Rg/mL, and
further more preferably 9 to 10 !Ag/mL. [0042 Examples of the aforementioned albumin include

naturally deRvEGABTMInCSGEH 4¢ eggihité Bfbumii® p6rcine-tetived albiiiny bbviBidetived
albumin, or, humanrderived.albumin; and: allbumin of agimal praduct-free grade, including,
genetically-modified albumin, such as a form of albumin made from recombinant DNA that is identical
or modified {6 BEVAE FSTER@ GrHimian Semi albbimik irieterabié éxarhpleasidticiiarly include
human rec§0@¢t§r4t§1nt albumin (recombinant human albumin (rHSA)). The first medium and/or the
second medium for use in the present invention can be prepared by adding the albumin as an
ingredient constituting therafotermertiioned activincontaining supplement gmeot the-activirefree
supplement to the aforementioned basal medium for human pluripotent stem ¢ell, at a final
concentrationof | &i?gismg/r%%grefe?acbtly 0518 %%I‘}% mL,‘#?&%e pPeteranfy-8.78%0 1.8"mg/mL, and

further mote: preferably-Q.940 44l mgémd« & order to increasethe-splubility-efithe aferementioned oleic
acid into medium and to increase the effect of the present invention, the albumin is preferably

complexed With #fe BfbremertibRed Bic acid) $BSadded as afisifiin-cofjugated oféfciasid. [0043]

ingredient such as glutathicne, hypoxanthine, lipoic acid,

linolenic acid, phencl red, putrescine, pyruvic acid,
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Examples of the aforementioned protein kinase C inhibitor include peptides and compounds that can
inhibit protein kinase C. Specific examples include a myristoylated protein kinase C peptide inhibitor
(from Promega Corporation); staurosporine or staurosporine derivatives,suchascalphostin,and4'-N-
benzoylstaurosporine; and bisindolyl maleimide, for example, bisindolyl maleimide I, isoquinoline
sulfony1)-2- methylpiperazine dihydrochloride (H-7), N-[ 2- (methylamino)ethyl] -5-isoquinoline
sulfonamide (H-8), and N-(2-aminoethyl)-5-isoguinoline sulfonamide (H-9). When the aforementioned
myristoylatell pratéirikinase @ peptidéz ikibitor (frond Promiega Corporation) i8fto betussk the
proportion n ipotent stem.cells maintained.in an undifferentiated state can be increased by
adding the%%g&%%gﬁi%ls{regc%goti%%?ﬁﬁibﬁgreé"segﬁ" |ng?g§eﬁltﬁ§olnrsti§ﬁiﬁg‘{ﬁ§ af:o?réi%%lﬁﬁgr?ed
activin-containing supplement os thesactivindresosypplement todkemfdrementianeddzasah mmedium for
human pluripotent stem cell, at a concentration of 0.5 to 5 [h\d, and preferably 1 to 2.5 p.M. [0044]
The aforententionad Ativinis knoih to Fave RigHPRGM8igy ‘among vertebrates such as human, rat,
mouse, Xengpusand zebra fish, and to have families, such as activin A, activin B, activin AB, and
activin C families. Examples include activin of animal product-free grade, including
genetically-modified B tivih= Such:aga ¥6ii BFactivin madErimi FecoibinartDNARRE S Tdentical or
modified todyimap.aeiin. Preferablesxamales particylarly faclyde ecqrabinant fugtan agtivin A
among the genetically-modified human activin. The first medium for use in the present invention can
be preparediiyladding Hecactivi as andndgredignt constitatng the afofementionedactivinicontaining
supplement to the aforementioned basal medium far hu ipotent stem cell, at a final
concentra?l%lﬁ%okfelct%%os né?cr)n% iE"}eefigra ‘?)9 1% I§e(:)dr(1)lg %m%@y Lfef@%a%lrymf o Té %eé%ﬁ,aénd further
more preferafly dnto 3mg/mL. f0045] medheraforenmentionedmstep (a)rerstep! of seeding:human
pluripotent stem cells to the first medium comprising the aforementioned basal medium for pluripotent
stem cell stippleMerted with & Gforeme&titioriad Hetivin¥Shtaihing St pitmenteatd Eftling the cells.
The pluripatent stem; sells cryopreserved:bythe supplier are cultured preferably after-the preparation
by a publicly-known method. Examples of the method of preparation include a method comprising:
releasing celi$ s Ea2and MR i-free Bilibectabhosphareidfferéd salirecortainingl EDTA, or
detaching gells WS, enaliaait Modleddypsin, upsEPRT A, cplagengses, exe
collagenase/trypsin, dispase, or accutase, or mechanically; collecting the released cells into the
aforementieded first nediumd scelatiomio prepard a cell stispension; grecipitating amddcollecting cells
from the cell suspension approximately at 300 to 1000 rpm; and then.repeating the preparation of a
cell susperlijskllc?nS rgg B?r'nofelp icﬁ%—eesr;%%éea r%éﬁ%%l%? cilitiring Celig in & n%@d%n&gfﬁ%@or%) g fetal
bovine seraiadDMEM or DMIE12 supplementeshwith KERWKnockOut-Serum Replacement, from
GIBCO), Lglutamine, 2-mercaptoethanol, non-essential amino acids and bEGF, and/or in the presence
of sustaining Gifi(fectler cBls)bn'EdERERLoAfRd Hiate PESE oP I mBHOH HECOHrdiy t8the present
invention hag @@aqff?%g@émpgg@%s that, may.heseomprised in the aforementioned animal-derived
ingredients such as fetal bovine serum, FOE', and feeder cells may be removed by subculturing for a
long period &finé. [00461 The aforementioned step (b) is a step of replacing the first medium in
which the human ' t.stem cells assage .l are cultured with the second mediu
supplemented Witﬁll%?u%IO ﬁ%?%iﬁsffré%xs%%%ﬁe%en?ﬁ t%}e} ?irs%?ﬁle%?l?rg %%%aﬁags an%cgurft%%ﬁé? e human
pluripotentstentbells iExamptbssof the=timerof medium: change fadrasthe firsb medidamtoithe second

medium include 36 to 84 hours, preferably within 48 to 72 hours, more preferably 54 to 66 hours, and
particularly prefstaniy Sf{bGGBlH&ﬁgja?tlégthejﬁgﬁ B &iitlirhg i the Hirst Reaitim™ ffth& bresent

invention, mediuruehange capdha-eenductedby anserginary method.J004¢L  £okhe gglls at passage
1 being cultured in the second medium in step (b) may be continued to be cultured with one or more

times of meditirtehaiiye intd i 8écdtmeditm a8 hedled 2drndwherfitéccelislin édituke reach the
state suitahlg dor spbeultyring. they, ace yansferied and subeuliured into the atoremgntoned first
medium in step (c). Cells being cultured after the subculturing becomeé cells at passage 2. Examples of
the time foesubchitanimginciudesl o2t days, preférablyc® to-ts days,iand mereprefefalsly 4 to 6 days
after the mggiu lq?an%e fr%mrjghe yresct1 mggliurglhto th§o%%0é)ndrr2 gigfrpé Dggenjgén oréthe state of cells
being cultured, the time for sm.?b‘%?turmg may be €t')ietermlne@tbyt e confluency, s fi‘asWiten the cells
reach 55 ta 95%=cbnflnent, pieferably 65 to 85% confluent; and furtherpreferably 64a0:73% confluent.
Cells are also preferably subcultured when cells in the center or the marginal region of colonies start to
differentiat8 ¥R GardIES5 6F the Lonfiliéity *and the-timE%6r Sitttitufing iy 156 be tete¥ined by the
differentiation state of cells.Examples of the time of medium change from the second medium to the
second medium include every 6 hours to 9 days, preferably every 12 hours to 5 days, more preferably
every 18 hours to 2 days, and particularly preferaklg every 24 hours.



[0048] After these, step (b) and step (c) are repeated. Thus, the aforementioned cells at passage
2 subcultured into and cultured in the aforementioned first medium need a medium change into the
second medium again in the first medium change. The human pluripotent stem cells cultured in the
second medium are maintained with medium changes into the second medium, and when they are to
be subcultured, they need again a step of subculturing them into the first medium, and culturing them.
The subcultured cells become cells at passage 3. In the method according to the present invention,
the pluripoterst Stemalcedls cankbeicbatnuously cultured, whilesinereasing:the passage=numper one by
one at the time of subculturing, and maintaining an_undifferentiated state, by sequentially repeating the

two steps: T8PIZEMG e first madidmTwith the SEE6HA iedambai-Subtufttifiig ihito te first medium.
[0049]  JExamples of thenmethod:for subsulttingdhe aforementigned humanpruripptent stem cells
include publicly-known methods such as a method of using trypsin, a method of using trypsin and
EDTA, a nféthdd 6Fusifig @ riktiiresst tiypsm, Bolfbgehake vnd cafthaiing hidthed o iisifg dispase, a
method of ysing=cqllagenase, a method of cutting out a subpopulation of one hundred to several
hundred cultured cells with a narrow tip such as a needle or a plastic Pasteur pipet under microscope.
Specific examplés include a method of removing the medium in the culture vessel by aspiration etc.,
and then treating Q'ng‘I% wgh 1 lirg%rgrll_to; diﬁg)ase at 37C foE__’L to 10 Jg?limétes; removying the dispase;
adding the first medium o the present mvenﬁon]‘f%%tajcﬁingnaegrtr)n&p o?cellg‘ig%}{) It ? and then
conducting.bre to-several times of centrifugation;:colleeting aellsrintp therbasabkmediuns fsolution) for
pluripotent stem cell according to the present invention, and conducting centrifugation; dispersing cells

in the bas&ld&dimSEidtiorPfor Pluripotdht Stein BBI-EBHdcliny Eortrifige s Erithdi€persing cells
in the first siadium {00504, £, The pluripatent stemseells to be cultured by.the meghod ageording to
the present invention are preferably cultured at 33 to 40C, preferably 34 to 39C, and particularly
preferably B7E: irftheQteserice i 1tte 7200k, Praferably: Bite 1596, tandtrarticttarhepreferably 8 to 10%
of carbon dioxide, i igh idity: of ;759 preferably 85% or more, mare preferably 95%,
and palrticglgé%/qI g?g%?a% y %%ﬁﬁ%%‘%ﬁ%%ﬁ%er%oﬁ% 'step%%&dﬁ]d e}é?(a%gp?ess of the
method of determiring wihstherceells icaituredzby theguethoeraccerding tosthé jpsesentdnvention are
cells maintaini[llg an und_ifferegg%ted State qr not include a method of determination by detection of the

expression of Undifférentialion nrarkers” and/of ieh-> BEECOR of the expresSioh bk diftétentiation
markers with eatibadies against variosisimarkers(preteins); amethod:of defermination by detection of
the expression of various markers (genes); a method of observing morphological characteristics of
cells; and & i&RSd of défeirhining WhethertRe caliBRaptiftérentizdd intotspadificicell§ indhe response
to the stimulation yuith; @ specific diffﬁ{ﬂ@igﬁ@@-iﬂd%%@@{%@@. [0032): ements, . each
Inthemethodofdeterminationusingthe aforementioned markers, when undifferentiation markers such as
SSEA-3, SSEX-Ys TRAG2-54 TTRADS0, TRA-1-80:6090 clanogh©ct-3; Ort<4pand atkatine
phosphatase are expressed, then the cells cultured by the method according to the present invention
can be det‘éﬁ??fn%e t%rﬁca%é maintained an ﬁﬁ%i?fe?eonﬁé%ende gt]atsel’?%%%ev{/[}?enﬁdiﬁ%?n&\]f% ion tarkers
such as SSEAY1,00185e 0656,/A2256 arecnetexpressed; thensthe cells cultured by the method
according to gjﬁe resent invention can also be determined to have maintained an undifferentiated
state. [ooésﬁ’ %@xpressionoftheaforementioned undifferentiation and/or differentiation markers at
protein level can be:determined by flow-cytometrys immunostainings ELISA, o dhe like, with specific
antibodies against respective markers; and the expression of the aforementioned markers at gene
level can Bd'GetBrifiigd by RT-BCR With spedific: pMAEE pairs, aNGriheka bidttisy othe fike for
respectiveparkeraenes i apeciic nrahes, L 00pa), - ofxatiples.of Mg metod of determining
whether the markers are expressed or not by the aforementioned flow cytometry incltide a method of
determinatiore by freatimg: thei.cellsccultared lbyrthe imethdid acgording:o the: preseatinverition with
trypsin in PBS solution comprising trypsin/EDTA; suspending the treated cells intg 1 mL of 10% goat
serum for %6%%8%85, and' Cgelnug?)rﬁc%% ing ?%r?tﬁ?ug%?in%%%%ﬁﬁ& the 8l it an®iotse antibodies
against the target marker.proteins for=3Q-baurs, andithen washing $be afarernentioned suliured cells
three times with PBS containigg%% goat serum; allowing the cells to react with AlexaFluor-conjugated

anti-mousé Goaf fy& Antib&di r SO-mTRSs; WARRG the cell§ threettinaitFPBS dohtaining 1%

?Oooat s]erurm;iﬁﬁdcggga}mirg@g the,resuspended. cellsqith anapprepriate flow, cytometry apparatus.
95
supplement  to the aforementioned baszal medium for
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Examples of the method of determining whether the markers are expressed or not by the
aforementioned immunostaining include a method of determination by fixing the cells cultured by the
method according to the present invention with 4% paraformaldehyde (PFA) in PBS, and then washing
the cells multiple times with PBS; increasing the permeability of the cultured cells with Triton X or the
like; conducting the blocking with 10% goat serum and then the immunostaining with mouse antibodies
against the target marker proteins; allowing the cells to react with AlexaFluor-labeled anti-mouse goat
IgG; and obsewingPiiesigh fluerescent micvassbpes 9 005611 BEranples ofaheé srethodoof
determinin ether the aforementioned alkaline phosphatase is ressed or nat.include,a method of
so-called alka %%réogﬁﬁlaat%sg s%%ﬁ]jiﬁé)fj%%?n%prigﬁ% ix{%]eg%t Se'cell%ltu?fg B}%r{ﬁg %e?ﬁgg according
to the present invéntia with 4:5 mM sitrig deid: 2:25imMhsodiym cittate | 3 MM sodiuint ellpride, 65%
methanol and 4% Qaraformaldeh_yde for 5 minutes; washing the cells; and then v,isualizingtalkaline
phosphata8& witita siitable kit stich & Fasked Astrats Kt frof Sigma Chemital C8Y-[0057]
Examplesthe snethods of determipationby: okserving merphalogicakeharaeteristics:ofthe s
aforementioned cells include a method of determining whether an undifferentiated state is maintained

based on tfé folfowfing HoexB3<the Horder betiesh T8RS baing tieléaf and TeRs betiy mbdstly
occupied withy thesnudleps with Jittle cytoplasgy:populationssaf.cells (colonies). haying glea circular
outlines; many colonies being slightly piled-up with cells; and the absence of fibroblast-like cells or
nerve-like ¢ellsremerting from tise1border of colonie 0058] 2 -Examplesof the aforementioned
method of g%}%m&ig% whether é € C%UJS cult}yé%d_ Qy th%@%ﬁ%‘ acg redang tag)ctlh prese tgnvention
have maintained an unditierentiated state or not by’de‘%ermmln*g whether thé cefld can différentiate into
specific cells sttherresponsedo the stimutationrwithea specificdifferentiationsinducingntactor include a
method comprising determining that the cells have maintained an undifferentiated state if the

aforementiBRB cBfis dftftrentiate ihtr $6FExarpl Epithelitim-fike (&R Svher BGR& higHhogenetic
protein 4 (BMP4) ixadded-te the,medium. [0059]s re »The culttire,vesssl forisesinthe method for
maintaining and culturing according to the present invention is not particularly limited, as far as it is a
vessel thatéallows tbafiaintain afid SORwe pldifpotént stermEells for usain thecprésertifvention.
Examples inclde sk, flasks for Ussugqultie. dighes, ety dishes. dishesfon tissug gulure
multi-dishes, microplates, microwell plates, laboratory dishes, tubes, trays, and culture bags. [0060]
The presentinvertimnrprevides akitforogturingcarhumanrpluripdtentrsternicell whileomaintaining an
undiﬁerentiate% g?t%. The kitzaccordin tToOtrsg present ir}v_eggt_ilgg comprises an acﬂvin-.containing

ra SLIr LIl —mMexrca NAN0 . no L n & el 1] .
supplemen%, an activin-free supfﬂeme and an‘ingredient of bas I edium for human p‘lrﬁr‘lpotentstem

cell. The ingrgdients canstituting the aforementioned fespective cogmapsitions=Alse temprise those in
which a part or all the ingredients are wrapped individually, and those in which two or more
compositioRS™ @& tiixed and iappetf Therdfdremémisneddatdr eulrmgea Rurahdtdrigotent stem
cell can further;gomprise an antibody against an undifferentiation and/or differentiation marker protein,
or a primer or a probe to detect an undifferentiation and/or differentiationmarkergenetodeterminethe
undifferentistéd 8tate of human pluripotent stem cells. [0061] Hereinafter, the present invention

will be described irkfryrtlggr det%i(!,)wgp\é ference to E; I%egut }gle present invention is not in any
manner limited to such spgciﬁc Examp?les. The ES c?%ﬁ%)es and 1P5 celﬁjlngsn,%v%eclcl:ﬁ1 a?neagluripotent
stem cells hisechimcEXaniplés, were obtatnietkfrani distributing institute$ and sised incexpernigents

following the governmental guidance. Other cell lines are also stored at National Insgtuteb%f Biomedical

Innovation A4 distRibutaBle thdaF &&rtain TonditioRs. EXamiples Exampié-t fotes) ©°©

added to the aforementicned kasal medium for pluripotent
stem cell to increase the cell~culture vessel adhesiveness,
or may be added together with other supplemeni ingredients
to the basal medium without coating the inside of the
culture vessel. Specifically, a first medium (hereafter
also referred to as, "first medium I") can be prepared by

coating a culture vessel with fibronectin, and then adding
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[Study on supplement] (Basal medium) Studies on substituting conventional animal-derived
materials with animal-free products were conducted. Used was hESF9 medium shown in Table 2
below as a conventional medium. [0063] [ Table 2] Composition of hESF9 Medium 8/ / Calcium
chloride 108 Glycime 19.375 Calcium nitrate 25 LrAianine 2.225 CuS04 0.000625 L-Arginine
hydrochloride

activin and the aforementioned supplement without
fibronectin to a basal medium; but a preferable first
medium I 1s prepared by coating a culture vessel with a
fibronectin, and then adding a coﬁbination of activin and
a mixture of insulin, transferrin, 2-mercapteoethanol, 2-
ethanolamine, selenium, FGF-2, albumin and oleic acid to a
basal medium, and more preferably further adding a protein
kinase € inhibitor. When using fibronectin without
coating the inside of the culture vessel, a first medium
(hereafter also referred to as, "first medium II"} can
also be prepared by adding activin and the aforementiocned
supplement to a basal medium together.

[ 0C30]

A second medium (hereafter also referred to as,
"second medium I") can be prepared by coating the inside
of a culture vessel with fibronectin, and then adding the
aforementioned supplement without fibrenectin to a basal
medium; but a preferable second medium I is prepared by
coating a culture vessel with fibronectin, and then adding
insulin, transferrin, Z2-mercaptoethanol, 2-ethanolamine,
selenium, FGE-2, albumin  and o¢leic acid, and more

preferably further adding a protein kinase C inhibitor. A

second medium {(hereafter alsc referred to as, "second
medium  II™) can also . be prepared by adding the
aforementioned supplement to a basal medium; but a

preferable second medium II is ©prepared by adding
fibronectin, dinsulin, <transferrin, 2-mercaptoethanol, 2-
gthanclamine, selenium, FGF-2, albumin and oleic acid to a
basal medium together, and more preferably further adding

a protein kinase C inhibitor. When the aforementioned
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94.75 Porno ftitnate (Fe(NO) 3/ 0.005 L-Asparagine 11.0 16.2525 Pernic sulfate (FeSO4. 711,0)
0.2085 L-Aspartic Acid 8.325 Magnesium Chloride(willyCrous) 30.515 -Cysteine HCI-I1tO 7.88
Magnesium Sulfate(anhydrous) 61.055 -Cystine 2HC1 47.5725 Potassium chloride (KC1) 355.9
-Glutamic Acid 8.675 Sodium b carbonate(NaHCO)

first medium T is to  be used, then using the
aforementioned second medium I is preferable, and when the
afcrementioned first medium II is to be used, then using
the aforementioned second medium II is preferable.

[ 0031]

The respective ingredients constituting the
aforementioned activin-containing supplement and/or the
activin-free supplement are preferably of animal product-
free grade. Examples o©f the ingredients of animal
product-free grade include recombinant proteins
artificially produced and purified by genetically-modified

technologies, chemically synthesized products, and plant-

derived ingredients that are not animal-derived
ingredients, but act similarly to animal-derived
ingredients. Examples o©f the aforementioned recombinant

prcteins also include proteins whose structures are not
same as those of animal-derived ingredients, such as
tagged proteins. Examples o¢f the chemically synthesized
products include derivatives thereof and salts thereof,
and hydrates thereof.

[ 0032]

Examples o©f the aforementioned fibronectin include
naturally derived fibronectin such as porcine-derived
fibronectin, bovine-~derived fibronectin, or human-derived
fibronectin, known as a type o¢f extracellular matrix
{(ECM); and fibronectin of animal preduct-fres grads,
including recombinant fibronectin, such as a form of
fibronectin made from recombinant DNA that is identical or
modified to bovine, porcine or human fibronectin:

F0033]
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2000 1-Glutamine 549.65 Sodium chloride (NaC1) 6599.75 IrHistidine 23. 165 Sodium phosphate _
(NaH2PO4) (anhydrous) 62.5 oleucine 65.935 Sodium phosphate,dibas(Anhydrous) 235.51 -Lel_Jcme
68.225 Sodium solenite 0.0034588 L-Lysine hydrochloride 92. 175 Zinc sulfate 0.216 L-Methionine

When the aforementiconed fibronectin is used as a
coating, it can be used with well-known methods, such as
physical adsorption; and introduction of &a reactive
functional group into the cell adhesion region of the
culture vessel and Immobilization of a cell adhesion
factor onto the surface of the vessel (the inside of the
vessel) by chemical bond. Specifically, examples include
a method of applying a solution comprising fibronectin to
a culture vessel, for example, at a concentration of 0.5
to 5 ug/cm?, preferably 1 to 3 pg/em®, more preferably, 1.5
to 2.5 ug/cm?; allowing to stand with avoiding being dried,
for example at 37°C, for 1 to 12 hours, preferably for 2
to 8 hours, and more preferably for 3 to 5 hours; and
aspirating the afcrementioned solution just  before
inoculating pluripotent stem cells. The first medium
and/or the second medium according to the present
invention can be prepared by adding the ingredients other
than fibronectin c¢f the activin-containing supplement or
the activin-free supplement to the aforementicned basal
medium for pluripotent stem cell, and preparing the medium
on the fibronectin coating.

[ 0034)]

When using the aforementioned fibronectin as a
medium ingredient, the first medium and/or the second
medium for use in the present invention can be prepared by
adding the aforementioned fibronectin as an ingredient
constituting the aforementioned activin-containing
supplement and/or the activin-free supplement to the
aforementioned basal medium for human. pluripotent gtem

cell, for example, at a concentration of 1.0 to 100 upg/mi,
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1987. Biotin 0.05185 L-Phenylalanine 37.99 E hano am ne 0.6108 L-Proline 13.625 Lipoic Acid 0.0525
L-Serine 31.125 ' oleic Acid 0.021 L-Threonine 55.525 Oleic Acid 9.4 L T yp ophan 9.76 Ascorbic acid
2-phosphate

preferably 5 to 75 pug/mL, preferably 10 to 50 ug/mL, and
more preferably 25 to 45 pg/ml.
[ 0035]

£

Examples of the aforementioned insulin include
naturally derived insulin such as porcine-derived insulin,
bovine-derived insulin, or  human-derived insulin;: and
insulin of animal product-free grade, including

recombinant insulin, such as a form of insulin made from

recombinant DNA that is identical or modified to bovine,

vorcine or human insulin. Preferable examples
particulariy inciude human recombinant insulin
(recombinant human insulin). The first medium and/cr the

secend medium for use in the present invention c¢an be
prepared by adding the insulin as an ingredient
constituting the aforementioned activin-containing
supplement and/or the activin-free supplement to the
aforementioned basal medium for human pluripotent stem
cell, at a final concentration of 1 to 20 pg/ml,
preferably 5 to 15 wg/ml, more preferably 7.5 to 12.5
ng/mil, and more preferably 9 to 11 ug/ml.

[ D036]

Example o©f the aforementioned transferrin include
naturally derived transferrin, such as porcine-derived
transferrin, bovine-derived transferrin, or human-derived
transeferrin; and insulin of animal product-free grade,
including recombinant transferrin, such as a form of
transferrin made from recombinant DNA that is identical
or modified to bovine, porcine or human transferrin.
Preferable examples particularly include human recombinant

transferrin {(recombinant human transferrin), and apo
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100 L-Valine 54.825 1312 0.34125 g'ine 50 Choline Chloride 6.24 L-tyrosin 42.36 Folic Acid 2.575 lyd
oxyp o 5 Myo-Inositel 16.85 Albumin, bovine 1000 Niacinamide 2.25925 bFGF

transferrin, which has low iron content, is more
preferable than holo transferrin, which is bound to iron.
The first medium and/or the second medium for use in the
present invention can be prepared Dby adding the
transferrin as an ingredient constituting the
aforementioned activin-containing supplement and/or the
activin-free supplement to the aforementioned basal medium
for human pluripotent stem cell, at a final concentration
of 0.1 to 50 pg/mL, preferably 1 to 20 ug/mL, more
preferably 2 to 10 pg/mL, and further more preferably 3 to
7 ug/mL.

[ 037!

Preferable examples of the aforementioned 2=
mercaptoethanol include that of animal product-free grade,
including chemically synthesized product produced by an
ordinary method. The first medium and/or the second
medium for use in the present invention can be prepared by
adding the Z-mercaptoethanol as an ingredient constituting
the aforementioned activin-containing supplement and/or
the activin-free supplement to the aforementioned basal
medium for human pluripotent stem cell, at a final
concentration of 1 to 20 uM, preferably 5 to 15 uM, more
preferably 7.5 to 12.5 uM, and further more preferably 9
to 11 pM.

[ 0038]

Preferable examples of the aforementioned
ethanolamine include that of animal product-free grade,
including a chemically synthesized product of 2~
aminoethanol, also called as monoethanolamine, produced by

an ordinary method. The first medium and/or the second
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0.01 Pantothenic acid 2 1825 Glutathione 0.25 Pyridexal hydrochloride 2 Heparin sulfate sodium salt
0.1 Pynidoxine hydrochloride 0.2655 T ans en (human-derived) 5 Riboflavin 0.2595 H poxanthine
1,02 Thiamine hydrochloride 2.335 Insulin Recombineu Chain 0

medium for use in the present invention can be prepared by
adding the ethanolamine as an ingredient constituting the
aforementioned activin-containing supplement and/or the
activin-free supplement to the aforementioned basal medium
for human pluripotent stem cell, at a final concentration
of 1 to 20 uM, preferably 5 to 15 pM, more preferably 7.5
to 12.5 puM, and further more preferably 9 to 11 uM.

[ 0039]

The aforementioned selenium includes gselenium,
derivatives thereof and salts thereof, and hydrates
therect. Examples include that of animal product~free

grade, including selenic acid, sodium selenate, sodium
selenite, and sodium hydrogen selenite chemicalliy
synthesized by an ordinary method. The first medium
and/or the second medium for use in the present invention
can be prepared by adding the selenium as an ingredient
constituting the aforementioned activin-containing
supplement and/or the activin-free supplement to the
aforementioned brasal medium for human pluripotent stem
cell, at a final concentration corresponding to 1 to 40 uM,
preferably 10 to 30 pM, more preferably 15 to 25 uM, and

further more preferably 18 to 22 uM of sodium conversion

selenate.
[ 00407

Examples of the aforementioned FGF-2 include basic
fibroblast growth factor-2, also known as bFGF, including
naturally derived FGF~2Z, such as porcine-derived FGF-2,
bovine-derived FGF-2, or human-derived FGF-2; and FCGF~-2 of
animal product-free grade, including genetically-modified

recompinant human FGF-2, such as a form of FGF-2 made
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'PGIu“cose 2500 2-mercaptoethanol 0 7813 Sodium Palive e 110 Kanamyc n sulfate 100 PhoneRed
(Sodium) 6.56 Puescine-2HC1 0.04025 p-Aminobensoic acid 0.25

from recombinant DNA that is identical or modified to
bovine, porcine or human FGF-2, Freferable examples
particularly include recombinant human FGF-2 (recombinant
human FGF-2Z ({rhFGF-2)). | The first mediuvm and/or the
second medium for use 1In the present invention can be
prepared by adding the FGF-2 as an ingredient constituting
the aforementioned activin-containing supplement and/oxr
the activin-free supplement to the aforementicned basal
medium for Thuman pluripotent stem cell, at a final
concentration of 0.1 to 50 ng/mL, preferably 1 to 20 ng/ml,
more preferably 3 to 7 ng/mL, and further more preferably
4 to € ng/mL,

[ 0G41]

Examples of the aforementioned oleic acid include
plant-derived oleic acid and oleic acid chemically
synthesized by an ordinary method. The first medium
and/or the second medium for use in the present invention
can be prepared by adding the oleic acid as an ingredient
constituting the aforementioned activin-containing
supplement and/or the activin-free supplement to the
aforementioned basal medium for human pluripotent stem
cell, at a final concentration of 0.1 to 50 ug/mL,
preferably 5 to 15 pg/ml, more preferably 7.5 to 11.5
ug/mk, and further more preferably 9 tec 10 ug/nmkL.

[ 0042]

Examples of the aforementioned albumin include
naturally derived albumin, such as egg white albumin,
porcine-derived albumin, bovine-derived albumin, or human-—
derived albumin; and albumin of animal product-free grade,

including ¢genetically-modified albumin, such as a form of
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Thymicone 0.1825 [ 0064] [Supplement ingredient; study on fibronectin] The inventors studied on
the substitution of ECMs such as collagen |, gelatin, laminin, fibronectin, and the like, which are
recently used as a cell support in place of feeder cells, from animal-derived materials to animal
product-free ingredients. Studies were conducted with human ES cell line KhES-1 (Laboratory of
embryonic stem Cell research Center, Institute for Frontier Medical Sciences, Kyoto University), and
human iPS cell line Tic (JCRB1331) (JSCB cell bank, National Institute of Biomedical Innovation); and
the embrycnatéaiéer Beififine PAN (JERBIDENFADSCRERI Barkt Nationaldfstikte2ef Bivmedical
Innovation),wgs uised as a comparalive example. {065 Usingapuelimicrpplates(ramEorning
Incorporated), each of coLIIagen | (from Nitta Gelatin Inc.), gelatin (from Sigma Chemical Co.), laminin
(from Sigmar€hemidal €09 xang: fibropecliin ¢irdm:SigmaChemicallCoypwas ¢reatédiat=34C for 3
hours, with %\goiding1 bez’tn%drie 410 coat the microplates with e g@lﬁio 01,0.0%,0.1,0.5, 1, 5 and 10
p.g/cm2. The'afbrementioned RESES meditiitwas Hdded; and thél hh an ES '¢ell line'KhES-1 and
human iPSneellling Tic(JGRE1832), and-embryanalicancer-eell lire PA-l (3GRBY061) were seeded at
3 x 106 cells/cm2, after counting their cell numbers. After culturing the cells for two days (or culturing
the embrycrisl RRrdércelFfie P11 BRERBIGEL) for orPhodty, theGellSwiréfixed afd Aticlei of
adhered cellsyvere:siained with Q4% ceystal violet(irom -Sigma Chemical £0.) dissalyed in methanol
for 30 minutes. The microplates were washed and then dried. The cells were lysed with 0.1 M sodium
citrate disseiieEda 509 methanbEatdabsorbante 4595 aRtwas ndastredWitiP Ashierdplate reader
(model 55Q, fro io-Rad oratories,,Ing.)._The results are wn. in Figures 1(a c% [0066]
(Results) QCO H%krganag%%%ﬁ%ﬁg JK%%eSql %gg-%]ie ﬁ%%bﬁé%t a% gsigﬁ%%ﬁt toﬂgr#nélor%%a&\ fibronectin,
and weak adhesionability totcobagén and gelatineegardteissrof their Concentrationsu{séelFigure 1(a)).
Human iPS cell line Tic (JCRB1331) had the strongest adhesion_ability to laminin at about 10 to 30
Rg/cm2 in ChRcEFtion, and’to fibrans %tiﬁng? Hoout 3359 ﬁd??l%%ﬁ%%ﬁce%ﬁa?ioﬁoan Weak
adhesion ahility10, collagerrand gelatinsegardless et-theirconcentrations (sepdigure 1(kxh. [0067]
(Comparative example) ~ Embryonal cancer cell line PA-1 (JCPB9061) was studied on the
adhesion a@bilf§to thé varibas EEMs deseribed-dbove 1P X-1had theestréngestaainesishbility to

collagen and gelatin at about 19 p.g/gmz,/n copcentration. (seefaiguie.1(c)y-H0068] (Piscussion)

The above results showed that the pluripotent stem cells have strong adhesion ability to laminin and
fibronectinpCelts:editured orrlantinin, hbivever léxpréss cytokeratintstrarigly. Therefore xsovine- or

human-degq\éﬂeigﬂflhcrg[réectlf was dei;ce{mlneeg tglbe. used as.an lnggedlegt of the Supp ements according

to the presentinven ion- @O%%T%upﬁgment meé:rté:diéinct%gthdf? bn'su%sﬁt%%na ingre ient for bovine

albumin-canjuggated: okeic adidiic acid.
[ 0043]
Examples of the aforementioned protein kinase C
inhibitor include peptides and compounds that can inhibit
protein kinase C. Specific examples include a

myristoylated protein kinase C peptide inhibitor (from

Promega Corporation) ; staurosporine or staurosporine
derivatives, such as calphostin, and 4% N~
benzoylstaurosporine; and bisindolyl maleimide, for

example, bisindolyl maleimide I, isoquincline sulfonyl)-2-
methylpiperazine dihydrochloride (H~T7y, N-[ 2-
{methylamino)ethvyl] -5-isoquincline sulfonamide ({H-8), and
N-(Z2-aminoethyl)-5-isoquinoline sulfcnamide (H-9). When

the aforementioned myristovlated protein kinase C peptide
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Bovine albumin (bovine serum albumin: BSA) has been used in many conventional media such as the
aforementioned hESF9 medium. Since it is an animal-derived material, its substitution with an animal
product-free ingredient was studied. The previous studies of the inventors have revealed that cell
proliferation and the maintenance of an undifferentiated state tend to be better at concentrations of 9.4
Rg/ml, oleic acid with 1 mg/mL albumin (from Sigma Chemical Co.). Using the undifferentiation
markers SSEA-4, TRA-1-60, and Nanog, and the differentiation marker SSFA-1, effects of adding
bovine albamini orirecombiiant: huhaamalpumircirHSA; froom Millipore-Corperaticryandfot ©leic acid on
the maintenance of an undifferentiated state of the ES cells were studied. When adding oleic acid and

albumin, tHeyWere added i the 18if oPalBhmiTc6RjugatEa BlefEadia. Adhg fhd'gretients of the

hESF9 medium: BS54 and oleic acikiwere substituted with BSA-carjugated oleigsacid (rpedium
condition 1), rHSA alone (medium condition 2), or rHSA-conjugated oleic acid (medium condition 3). A
medium in"WEF hBne 1 BSAE rHSA, BEBleicC4cid Wals'ddded o the hESF9 mediuRtiwas bsed as a

negative coptiol {medium condiionA). Celldigedig, (/AGR) was cultuqd upderdhes gopdions. Cel

line H9 (WAQ9) being cultured was cultured in hESF9 medium for 1 passage, subjected to fluorescent
immunost&iring lantanalyzed on tHespercentageiof-positive cellsopitteexpressiono Thetdalls were

fixed with 4% Ooraé%forrpagdneehgdeb(PFA? in PBS at rogm temperature fgr 15 minutes, blocked with

bovine serum, an % en immunostained urglghg Anti-SSEA4 aﬁﬁ’ggdy?rélrﬁ ean Ic.)sﬁﬁ@

AlexaFluorclabelpd antizmeuse-lgG: (fram davitkagem. Gorperation); antirkRAr-1-60Q.antibody;(from
Abeam plc.) and AlexaFluor-labeled anti- mouse IgM (from Invitrogen Corporation); or anti-SSEA-1
antibody (ffé Abeai’plc.) and AlexaFluor-labeled anti-mouse IgM (from Invitrogen Corporation).
After the blagking with bovine serum comprising Triton X, the cells were treated with immunostaining
with anti-Nanog antibody (from Cell Signaling Technology, Inc.) and anti-OCT4 antibody (from Santa
Cruz Biotechnology #fic. } feactaa withcarr AlexaFhictilabeled sseomdarytantiBodyeand observed under

fluorescent. mi e. iIs o i onditions descri ove are shown in Table 3, and
the resultsha%}e!%%%%v%r?in%%%{g vat[%%%j%%%%‘%g 3] d%%%ms%%oé%%%%’ Me%cﬁﬁrh conditior Q) +-+

BSA-conjugatettoleic acid (knswrehESF9mediumd) Mediunz cendifioni(2) dkecombiriantdwiman

albumin (rlgg@llv'\{l%digr,n Caocngzi_txiroinn@é ,ngé E%.Qifry?}gaz{%q Ol‘aeril%iaggtivin C families.
Examples include activin of animal preduct-free grade,
including genetically-modified activin, such as a form of
activin made from recombinant DNA that 1is identical or
modified to human activin. Preferable examples
particularly include recombinant human activin A among the
genetically-modified human activin. The first medium for
use 1n the present invention can be prepared by adding the
activin as an ingredient constituting the aforementioned
activin-containing supplement to the aforementioned basal
medium for human pluripotent stem «c¢ell, at a final
concentration of 1 to 40 ng/mL, preferably 1 to 30 ng/mlL,
more preferably 1 to 10 ng/mL, and further more preferably
1 to 3 ng/mL.
[ 0045]

The aforementioned step (&) 1s a step of seeding

human  pluripotent stem cells to the first medium
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Medium condition (4) - None [0071] (Result) There were no significant differences between the
medium conditions (1) to (4) in the percentage of positive cells expressing the undifferentiation marker
SSEA-4, TRA1-60, or Nanog in cell line H9 (WAQ09), among the cells cultured for 1 passage (see
Figure 2). On the other hand, the percentage of positive cells expressing the
differentiationmarkerSSEA-1wasfoundtobe significantly Mc mark) increased in the medium condition
(2), in which rHSA alone was added. The foregoing results indicated that though rHSA does not affect
the expresSioRRST undifferéhtatiohTharkers: seiardntot FRS Aohjugaté® with blsie Befdcdécreases the

expression.of diferentiation maykess, aod has en effestof suspressing the diferentiatan, (0072

(Fluorescent immunostaining nder the medium condition (3), cultured cells of cell line H9

(WAOQ9) at passage:3were sxamiredwith fluarescent immunostainihg using the undifféleat ation

markers SS%A-LL, Tral-60, and Nano ﬂmd thg differentiation,m rkert SEA-l.é(iO?C%]J (Result)
Thecultured celisét c{“eﬁlﬂ}‘iel—?g(WAO@ immunostamed Wi vf?rcljtib dies aﬁaiﬁsulpt & undifféfentiation

markers SSEAr4,rlHal-6G; @ngNanag weredeunchto showchigh expression af thejantibadies, but low
expression of the differentiation marker SSEA-1. The foregoing results confirmed that supplements

comprisingfHSA cofiftigfatstt with SRERTECIE Are effectivé fortRainEtining theRiftfferdntiated state of
pluripotent stem, cells .[00Z24}[Supplgmentingredientremovalofpercinesderived heparinl g
Previously, the present inventors developed a medium comprising heparin for maintaining primate
embryonict&enT Eslis (seefob egamples Dapaiesecuexahtined Paténtine  containing
EDTA, or detaching c¢ells with trypsin, genetically-
modified trypsin, trypsin/EDTA, ccllagenase,
collagenase/trypsin, dispase, or accutase, or
mechanically; collecting the released cells intoe the
aforementioned first medium (soluticon) to prepare a cell
suspension; precipitating and collecting cells from the
cell suspension approximately at 300 to 1000 rpm; and then
repeating the preparation of a cell suspension one or more
times; and a method for culturing cells in a medium
comprising fetal bovine serum, DMEM or DM/F12 supplemented
with KSR (KnockOut Serum Replacement, from GIBCD), L-
glutamine, Z-mercaptoethanol, non-essential amino acids
and bFGF, and/cor in the presence of sustaining celils
(feeder cells) on a gelatin-coated plate. Use of the
method according to the present invention has an effect
that impurities that may be comprised in the
aforementioned animal-derived ingredients such as fetal
bovine serum, FGF, and feeder cells may be removed by
subculituring for a long period of time.
[ 0046]
The afcorementioned step (b)) 1s a step of rveplacing

the first medium in which the human pluripotent stem cells
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Application Publication (Translation of PCT Application) No. 2009-542247, described above). Since
most of sources of heparin are animals such as pig, the present inventors tried culturing cell line H9
(WAO09) in a hESF-9 medium lacking heparin and supplemented with activin. Observation of cultured
cells of cell line H9 (WAQ9) at passage 2, stained with anti-Tra-1-60 antibody under microscope
revealed characteristics such as cellular morphologies with the border between cells being unclear and
cytoplasm being mostly occupied with the nucleus; colonies with circular outlines; and colonies being
slightly piled:up with<cells (sek, Figure 4)-These-eanfirmedihat the:pludpetenay ofitbe cells was
maintained. Based on these results, porcine-derived_heparin was determined to be removed from the

medium inﬁP&ﬁ&%?Eﬁrﬂpf@lﬂbﬁ%f[Bz‘a%ié?m%?ﬁreﬁgﬁil)ﬁ% HESElgfNFmEdiiN  The

inventors usegitoraddiHERES toconventional media(see fanexample.intepaational publigation No.
W02005/063968 pamphlet, described above). HEPES was, however, removed based on the finding
that additiciEofHEPES ¥6 SBrtmf-frée méditim hadea ety dtéisereffebeon the mamtehasce of human

ES cells (seg.for example, PNAS, yol- 105, 00,,36,.13409-13414, described abgye), Based on the

finding that an undifferentiated state is maintained by addition of ascorbic acid (Japanese unexamined
Patent Application Fublicatidm(Traridlation 62PCTWpplication) NoeZ60%542247), adasal medium of

the compot%ioti]flnpsshoggén T%bzl(?fc% Ioavg hES§§£%W£%diugy7wa§Opre red as an animal
product-free basdl mediunt and terilized dccor ing t6'anor inary met dﬁT@fﬁbﬁ [&I%tb?eﬁ]
hESF-grow ieedisme INORGANIG: SALT Snrig/li ¥ ITAMINSrmgh +Caed 21108.305 Ascorbigacid
2-phosphate 100 Ca(NO3)1 25 D-Biotin

present invention, medium change can be conducted by an

ordinary method.

[ 0047}

The cells at passage 1 being cultured in the second
medium 1in step {(b) may be continued to be cultured with
one or more times of medium change into the second medium
as needed, and when the cells in culture reach the state
suitable for subculturing, they are transferred and
subcultured into the aforementioned first medium in step
(c). Cells being cultured after the subculturing become
cells at passage 2. Examples of the time for subculturing
include 1 to 20 days, preferably 3 to 15 days, and more
preferably 4 to 6 days after the medium change from the
first medium to the second medium. Depending on the state
of cells being cultured, the time for subculturing may be
determined by the confluency, such as when the cells reach
55 to 95% confluent, preferably 65 to 85% confluent, and
further preferably 67 to 73% confluent. Cells are also
preferably subcultured when cells in the center or the
marginal region of colonies start to differentiate,
regardiess of the confluency, and the time for

subculturing may also be determined by the differentiation

33



6.05185 CuS04.5H20 0.000625 Choline Chloride 6.24 Fe(NOO 2.91130 0.05 Folic Acid 2.575
FeS(4.7H0 42 0.2085 I-Inositol 16.85 MgC1-6H20 30.515 Niacinamide 2.25925 MgS0O4 61.055
D-Pantothenic Acidiga 2.1825

state of cells. Examples of the time of medium change
from the second medium to tThe second medium include every
5 hours to $ days, preferably every 12 hours to 5 days,
more preferably every 18 hours to 2 days, and particularly
preferably every 24 hours.

[ 0048]

After these, step (b} and step (¢) re repeated.
Thus, the afcocrementioned cells at passage 2 subcultured
into and cultured in the aforementioned first medium nesd
a medium change into the second medium again in the first
medium change. The human pluripotent stem cells cultured
in the seccond medium are maintained with medium changes
into  the second mediumn, anc¢ when they are to be
subcultured, they need again a step of subculturing them
into the first medium, and culturing them. The
subcultured cells become c¢ells at passage 3. In the
method according to the present invention, the pluripotent
stem cells can be continuously cultured, while increasing
the passage number one by cone at the time of subculturing,
and maintaining an undifferentiated state, by seguentially
repeating the two steps: replacing the first medium with
the second medium and subculturing into the first medium.

[ 0049]

Examples of the methed for subculturing the
afeorementioned human pluripotent stem cells include
publicly-known methods such as a method of using trypsin,
a method of using trypsin and EDTA, a method of using a
mixture of trypsin, cocllagenase and calcium, a method of
using dispase, a method of using collagenase, a method of

cutting out a subpopulation of one hundred to several

34



KC1 355.9 Pyridoxal.HC1 2 NaC1 6599.75 Pyridoxinc.HC1 0.2655 Na2HPO4 21120 295.28 Riboflavin
0.2595 NaH2PO4 H20 61.51 Thiamine.HC1 2.335 ZnS0,.71120 0.216 Vitamin B-12 0.34125 AMINO
ACIDS mg/L

hundred cultured cells with a narrow tip such as a needle
or a plastic Pasteur pipet under microscope. Specific
examples include a method of removing the medium in the
culture vessel by aspiration etc., and then treating cells
with 1 unit/mL of dispase at 37°C for 1 to 10 minutes:
removing the dispase; adding the first medium of the
present invention, detaching a group of cells (a colony),
and then conducting one To several Limes of
centrifugation; collecting cells into the basal medium
(sclution) for pluripotent stem cell according to the
present invention, and conducting centrifugation;
dispersing cells in the basal medium sclution for
pluripotent stem cell; conducting centrifuge again; and
dispersing cells in the first medium.

[ 0050]

The pluripotent stem cells to be cultured by the
method according to the present invention are preferably
cultured at 33 to 40°C, preferably 34 o 39°C, and
particularly preferably 37°C, in the presence of 1 to 20%,
preferably 3 to 153%, and particularly preferably 8 to 10%
of carbon dioxide, in a high humidity of 75% or more,
preferably 85% or mors, more preferably 95%, and
particularly preferably 100%, in any of the aforementioned
steps.

[ 0051]

Examples of the method of determining whether cells
cultured by the method according to the present invention
are cells maintaining an undifferentiated state or not
include a method of determination by detection of the

expression of undifferentiation markers and/or  non-

35



rclinobenzoic 0.25 L-Alanine 2.225 L-Arginine 50 MISC. mg/L L-Arginine.HC1 94.75 NaHCO2 2000
L-Asparagine.H20 16.2525 Gluthathione 0.25 L-Aspartic Acid 8.325 Thymidine 0.1825

detection of the expression of differentiation markers
with antibodies against wvarious markers (proteins); a
method of determination by detecticon of the expressicn of
various markers (genes); a methaod of cbserving
morphological characteristics of c¢ells; and a method of
determining whether the c¢ells can differentiate into
specific cells in the response to the stimulation with a
specific differentiation-inducing factor.

[ 0052]

In the method of determination using the
aforementioned markers, when undifferentiatiocon markers
such as SSEA-3, SSEA-4, TRA-2-54, TRA-1-060, TRA-1-80, CD90,
Nanog, Oct-3, Oct-4, and alkaline phosphatase are
expressed, then the cells cultured by the method according
te the present invention can be determined te have
maintained an undifferentiated state; and whern
differentiation markers such as SSEA-1, CDI0O5, CD56, AZR5
are not expressed, then the cells cuitured by the method
according to the present invention can aiso pe determined
to have maintained an undifferentiated state.

[ 0053]

The expression of the aforementioned

undifferentiation and/or differentiation markers at

rotein level can be determined by flow c¢ytometry,
immunestalning, ELISA, or the like with specific
antibodies against respective markers; and the expression
of the aforementioned markers at gene level can be
determined by RT-PCR with specific primer pairs, Northern
blotting or the 1like for respective marker genes with

specific probes.
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L-Cystine.HCI.H20 47.5725 Hypoxanthine 1.02 L-Cysteine-2HC1 7.88 Lipoic acid 0.0525 L-Glutamic
Acid 8.675 Linoleic acid 0.021 L-Glutamine 549.65 Phenol Red.Na 6.56 Glycine 19.375
Putrescine-2HC1 0.04025 L-Histidine-HC1- 23.165

[ 0054]

Examples of the method of determining whether the
markers are expressed or not by the afcrementioned flow
cytometry include a method of determination by treating
the cells cultured by the method according to the present
invention with  trypsin in  PBS sclution comprising
trypsin/EDTA; suspending the treated cells into 1 mL of
10% goat serum for 30 minutes, and then conducting
centrifuge; incubkating the cells with anti-mouse
antibodies against the target marker proteins for 30 hours,
and then washing the aforementioned cultured cells three
times with FPBS containing 1% goat serum; allowing the
cells to react with AlexaFlucr-conjugated anti-mouse goat
IgG antibodies for 30 minutes; washing the c¢ells three
times with PBS containing 1% goat serum; and examining the
resuspended cells with an appropriate flow cytometry
apparatus.

[ 0C55]

Examples c¢f the method of determining whether the
markers are expressed or not by the aforementioned
immunostaining include a method of determination by fixing
the cells cultured by the method according to the present
invention with 4% paraformaldehyde (PFA) in PBS, and then
washing the cells multiple times with PBS; increasing the
permeability of the cultured cells with Triton X or the
like; conducting the blocking with 10% goat serum and then
the immunostaining with mouse antibodies against the
target marker proteins; allowing the cells to react with
AlexalFluor-labeled anti-mouse goat 1gG; and observing

through fluocrescent microscope.
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Pyruvic acid.Na 110 L-Hydroxyproline 5 L-Isoleucino 65.935 D-Glucose 2000 L-Leucine 68.225
L-Lysine.HC1 92.175 L-Methionine 19.87

[ 005¢€]

Examples of the method of determining whether the
aforementicned alkaline phosphatase is expressed or not
include a methocd of so-called alkaline phosphatase
staining, comprising fixing the cells cultured by the
method according to the present invention with 4.5 mM
citric acid, 2.25 mM sodium citrate, 3 mM sodium chloride,
£5% methanol and 4% paraformaldehyde for 5 mwinutes;
washing the calls; and then visualizing alkaline
phosphatase with a suitable kit such as FastRed substrate
kit (from Sigma Chemical Co.).

[ 0G57]

Examples of the methods of determination by
observing morphological characteristics of the
afcrementioned cells include a method of determining
whether an undifferentiated state is maintained based on
the following indexes: the border between cells being
unclear and cells being mostly occupied with the nucleus
with little cytoplasm; populations of cells (colonies)
having clear circular outlines; many colonies Dbeing
slightly piled-up with ©cells; and the absence of
fibroblast-like cells or nerve-like cells emerging from
the border of coclony.

[ 0058]

Examples of the aforementioned method of determining
whether the cells cultured by the method according to the
present invention have maintained an undifferentiated
state or not by determining whether the c¢ells can
differentiate into specific cells in the response to the

stimulation with a specific differentiation-inducing
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L-Phenylalariine'37.99 L-Proline 13.625 L-Serine 31.125 L-Thrconinc 55.525 L-Tryptophan 9.76
L-Tyrosine. 42.36

factor include a method comprising determining that the
cells have maintained an undifferentiated state 1if the
aforementioned cells differentiate into, for example,
epithelium-like cells when bone morphogenetic protein 4
(BMP4) is added to the medium.

[ 0059)

The culture vessel for use in the method for
maintaining and culturing according to the present
invention is not particularly limited, as far as it is a
vessel that allows to maintain and culture pluripotent
stem cells for use 1in the present invention. Examples
include flasks, flasks for tissue culture, dishes, Petri
dishes, dishes for tissue culture, muiti-dishes,
microplates, microwell plates, laboratory dishes, tubes,
trays, and culture bags.

[ 0060]

The present invention provides a kit for culturing a
human pluripotent stem cell while maintaining an
undifferentiated state. The kit according to the present
invention comprises an activin-containing supplement, an
activin-free supplement and an ingredient of basal medium
for human pluripotent stem cell. The ingredients
constituting the aforementioned respective compositions
also comprise those in which a part or all the ingredients
are wrapped individually, and those in which two or more
compositions are mixed and wrapped. The aforementioned
kit for culturing a human pluripotent stem cell can
further comprise an antibody against an undifferentiation
and/or differentiation marker protein, or a primer or a

probe to detect an undifferentiation and/ocr
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L-Valine 54.825 [ 0077] Based on the findings of the inventors and the
foregoingstudies,theinventorstriedculturing pluripotent stem cells using a medium prepared by adding
to the aforementioned hESF-grow medium a supplement to be used for culturing human pluripotent
stem cells while maintaining an undifferentiated state, which supplement comprises a suitable
combination of bovine fibronectin, recombinant human insulin, recombinant human transferrin (apo),
2-mercaptoethanol, 2-ethanolamine, sodium selenate, recombinant human FGF-2, recombinant
human albéifir-esrjtgatetislaic acidégntrecombialit humarPactivid[oBZ8E e In thehfellowing
studies, cryopresanved cel ine 9, WADO) was sybiectec(o.a preparalian priardo jig seeding, by
seeding mouse embryonic fibroblasts (from Millipore Corporation) whose cell growth is arrested with
mitomycin{Cods:figeder cells in Dulbecco's modified Eagle medium comprising 10% fetal bovine serum
in a flask (from Corning Incorporated) coated with 0.1% gelatin (Embryomax, from Millipore
Corporation); addir%3 Effo %ﬁgr’h }“B%Cg)réeusp%lf‘g“méﬁltgarb\% (gf mw &g%téamg 5 fﬂl 15016, from
GIBCO), 0ilnmM2-meecaptaethanl, 1iomon-essenitiakamine acigs:6k140:035 1fram GIRCO), 20%
KSR (10828-028, from CISCO) and 4 ng/mL bFGF (13256-029, from KATAYAMA CHEMICAL
INDUSTRIESSEE Etd ) dRd: diftaining T-celt€in #he reSEEHER SRARIBA niediuf §079]
(Preparation.@f-medium:1) - 1 Asolutignof £k) human plagma fibrenectin (FQ895, from,Sigma
Chemical Co.) dissolved in PBS at 2 ug/cm2 was transferred into a 25 cm2 flask (from Corning
Incorporatéd)i Fhe fidsk wabitredted &t B7C f6rB howutd, switts &voiding Beingafied, andake solution
was aspirated | rior to ding cells. Agtivin-containi ement + hESF-grow medjum was
prepared oct?l%(tjﬁé‘ %%%ﬁ?lg ir% Srszlégqflasfﬁb%/{s';akdldﬁ5 1r;‘il\gltl'r‘[}h%’?[h Es%wg%%%grﬁjéglsum sau%cgem%w%gi with a
supplement of 8 facterscaf (1)dd 8yand 2 nigyenl activdm (Ne338AC/Ck} fram-R&D Systems, Inc.), as
an activin-containing, supplement: (2) 10 pg/mL recombinant human insulin (19278-5ML, from Sigma
Chemical 63%?(3 r:]S E%?L rE6mbirait huiah transférrin (apo) (1 3252 5 Sigina CRémical Co.):
(4) 10 pM Z-mereantegthanohM7522cffomssigma-Chenical:€01: 6) 19-pM 2-ethanelamine (E 0135,
from Sigma Chemical Co.); (6) 20 nM sodium selenite (S 9133, from Sigma Chemical Co.); (7)
rHSA-conjG§dted ofeié dcid wherein 9.4 pg/mL oleic acid (0-1383-5G, from Sigma Chemical Co.) is
complexed with 1 mg/mL recombinant human albumin; (8) 5 ng/mL basic FOE (from KATAYAMA
CHEMICAL INDUSTRIES Co., Ltd.). [0080] (Preparation of medium 2) Activin-free supplement
hESF-grow medium was prepared by adding Bxtamppledsent of 8 factors of (1) to (8) described above,
as an activggfar%% fgp@lement, to the hESF-grow medium described above. [0081]

[ 0062]
{ Study con supplement]
(Basal medium)

Studies on substituting conventional animal-derived
materials with animal-free products were conducted. Used
was hESFY medium shown in Table Z below as a conventional
medium.

[ 0063]
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(Culturing in activin-containing medium)

Cell line H9 (WAQ9) was cultured in the activincontaining

supplement + hESF-grow medium. 60 hours after starting the culturing, a medium change into the
activincontaining supplement + hESF-grow medium was conducted. 7 days after starting the culturing,
the cells were observed. A micrograph of the cells is shown in Figure 5(a). The colony is in a flat form
and with a deformed shape, confirming that the cells likely have lost the undifferentiated state. [0082]

(Medium change into activin-free medium)

Cell line H9 (WAOQ9) was cultured in the

activincontaitaing sugplement + hESF-grow medium. 60 hours after starting the culturing, a medium

change into t
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Gelldi

e H9 (WAQ09) was

cultured in d Leil}'lsl)cumlll 60-hoursafter-starti 1g-tHie uuuunng, a un.diu into the second
medium wastepductetksMareover, three tihes of medium change into the se€offd Imedium were
conducted ‘Wﬂ\‘}fﬂ')WIWNWc Three da VIS ufﬂg?‘;ﬁg Te ffem the firsPdéelium to the second
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a scraper ortHEAKE ith the-first medium Spiat SEctiding-to-the-preseft ingeddian. After
centrifugatlomatcaeﬂi rpm the cells WETe dispeesadTiiygiseadirSt medium solution gifglisubjected to
centrifuga’u( VS Ta s plslpahey ugpeﬁ'eanzﬂ)(?r khelfiret medium to he tr.qn':ﬁﬂﬂ?ﬁgﬁ (subcultured), and
cultured at J%mglt}éor\igélell the-timingofuge.o iﬁ%ﬁﬁﬁﬁi used-atpassage wmpptimum, passage 2
starts at the Fhikd ordourth day, and, thereafiérs subsulbursng is at the Tifth day. [0086] The cell line
H9 (WAQ9) %@ﬁﬁgme 2-subeulture-into iR i ,gﬁﬁﬂmﬁﬁ%ﬁe cuitured-in-the-fiPét medium. 60 hours
after startingrthe GEltUTIRG, @ mediumichangesiate nd-mediunmmwas tongugted. 5 times of
medium change ml{o the second megium were; ¢cérrduetedfandthiensert the fifth day after the medium
Pyridoxal hydroghloride 1 : £l 1 bl rea el o in i H
change frompheditst e esthe seconshmedign Aeirelis.wers subeyttured-again into the first
medium andrgwitured at passage 3. After this;heistepsichisubculturing cells intodhe first medium and
changing megiym,tq,fhe second medium wereregeated & ety was contimued.
Glucose 2500 | 2-mercaptoethanol 0. 7813
Sodium Pyruvate 110 | Kanamycin sulfate 106G
Phenol Red (Sodium} 6. 56
Putrescine-2HC1 {. 04025
p-Aminobenzolc acid 0.25
Thymidine g, 1825

[

[ Supplement ingredient;
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1
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P

0064)

The inventors studied on the
uch as collagen I, gelatin, laminin, fibronectin,
ike, which are recently used as a cell support

f feeder cells,

roduct-free

ingredients.

Studies
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[00871 (Morphological observation) Figure 6 is a series of photographs showing the phase
contrast microscope observation of cells at passage 1 to 6 of the cultured cells of the cell line H9
(WAO09) cultured by the aforementioned method. At any period, the characteristics of undifferentiated
cells: the border between cells being unclear, and cells being mostly occupied with the nucleus with
little cytoplasm; populations of cells (colonies) having clear circular outlines; many colonies being
slightly piled-up with cells; and the absence of fibroblast-like cells or nerve-like cells emerging from the
border of colsiy wéfe obSérved, confifiiRg that theaploBpstenty Was mahtaired. J0G88I(Analysis by
flow cytomgg%)l rgfg%éiggﬁg Q@ﬁg%&v{vas ggglé@gg%;! floyo%ytoerggX on é[d[ge l{ﬁ? eé%ﬂtiated state
of the cultured cells of the cell line H9 (WAO09) cultured by the aforementioned method, using SSEA-3,
SSEA-4, TRA:2:54¢ TRAL-600 TRALI-80 and YOD9G:(fronhBeeton, iDiekinsdnl.and. Gempany) as
undifferentiation markers, and SOFA-1, CD105 (from Becton, Pickinson and Company), CD56 (from
Becton, Dic@i sonlgréif g’Corrr:&ﬁya‘%‘n and A (fro%‘?"ﬂ%ﬁporg %%1’86}% ion) d ﬁiﬁ%Fé’h %tionor%arkers.
HLA-abc (framnBecten, Dickinsen and Company) was usesktogenfirm thatcellsare derved from
human. The cultured cells of the cell line H9 (WAQ9) at passage 5 were treated with PBS solution

comprisingtfypsin/EDTR 2&itd dispersédPontRe fift"@ay aftel! fie AR Etransfe? CHie’ E&IIs Were
suspendedsin L.mk10f10% bovine.serum (from HyCloneLaboraiaries.Inc, for.3Q minutes,

centrifuged, and then incubated with mouse antibodies (from Abcam plc.) against respective markers
for 30 min(t€§.5fhe cultured cells were washed three times with PBS containing 1% bovine serum,

and reacted with Ale agf%uor-c jugated anti-rat IgM,.g Eanti-mouse IgG, and IgM. antibody (from
Invitrogen Corporgét‘lé(rji) ris cr!rﬁ]i%nutes.W %regculturejdéce%é v@é:rgswashe(dgﬁ%ne tim%é;lovrvﬁﬁ%%s
containing 1#ebovyine sesdm, therargsuspénded,ldnd;analyzed withbBD FAESLarite (&) dlow

cytometer grom Becton, Dickinson and Company, NJ USA). The results are shown in Figure 7. [0089]

(Result) “"As éppaQSATafF&Tﬂ Figtfe?, celishighly ExXprésting the Undiffétanfiation hidKér SSEA-3,

SSEA-4, TRAGZDACERA: 160, TRAy1-80 and €D90-were showrta-he 66.giia 99:2% 1 Expression of
the differentiation marker SSEA-1, CD105, CD56, or A2B5 was 1.12 to 12.5%.HLA-abc was 99%,
indicating that they afe himahcderived 88§ These resifts: itlicateld-thatthelstisof eell lige 59

(AQ9) cuiuregen ths figgecti coaiing.wera pliipotent slemagls mainjaling the yderentited

state even after 5 passages. Example 4 [0090] [Culturing human pluripotent stem cells while
maintaining undifférehtiated statep(Rieparation/affirst madiam contaiming fibronettim=SFoln a 6 well

plate (from Becton, Dickinson and Company), first media containing fibronectj re prepared by
adding 10 éﬂg mlﬂzl}necgran%in%ﬁ?ﬁﬁdmaﬁ I|1r<iri)su m,éélgé/lr%mLaPec%Qr%bﬁ%E? ht?m"gr? trtg%lggrﬁn (%Ig(g), 10 11M 2-
mercaptoethanel, 10mM 2<«ethanolaming; 20 nM SRHILRS Selenite; 9.4 ag/Mmlcaleic acicheemplexed with
1 mg/mL recombinant human albumin, and 2 ng/mL recombinant human activin to the hESF-grow

medium, af@ tdrtierERidify 6, 20]“RP BB 5160, "6H3205RFWRH of Bowving fibron&dtintd/€dth well. [0091]

after counting their cell numbers. After culturing the
cells for two days {or culturing the embr.yonal cancer cell
line PA-1 (JCRB2061l) for one hour), the cells were fixed
and nuclei of adhered cells were stained with 0.4% crystal
viclet {from Sigma Chemical Co.} dissolved in methanol for
30 minutes. The microplates were washed and then dried.
The cells were lysed with 0.1 M sodium citrate dissolwved
in 50% methanol, and absorbance at 595 nm was measured
with & microplate reader {fmodel 550, from Bio-Rad
Laboratories, Inc.). The results are shown in Figures
1(ay to 1l(c).

[ 0068
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(Preparation of second medium containing fibronectin) In a 6 well plate (from Becton, Dickinson
and Company), second media containing fibronectin were prepared by adding 5 gg/mL recombinant
human transferrin (apo), 10 gM 2-mercaptoethanol, 10 gM 2-ethanolamine, 20 nM sodium selenate
and 9.4 gg/mL oleic acid complexed with 1 mg/mL recombinant albumin to the hESF-grow medium,
and further adding 0, 20, 40, 80, 160, or 320 jig/well of bovine fibronectin to each well. [0092]

The cell line H9 (WAQ9) was cultured similarly to the culturing on fibronectin coating described above,
except that{ fhesfrst medium and the second medium described in the above section on fibronectin
coating were replaced with the first media containing fibronectin and the second media containing

fibronectin, and cells Widte CaltirEd at varying Cdicentrafiohs-OibToredtHti reSoetiive Wells. The

area of 1 welkinithe used platewas 9.6 em2, and.3 Aleeach of themedium was.agded. [0093]
(Result) Micrographs of the cultured cells of cell line H9 (WAQ9) after subculturing into a
serum-free*metitin ard ShoWwe in- Efftife 82B8sed B Hie Bpperancsidobthe cell, thehmidifferentiated

state was found to.be-best maintained.when supplemented;yyith 80 Jigiwell gffibyonectin, Fibronectin

was confirmed to be effective in the method according to the present invention, even when added to a
basal mediu WithSether Supplenient ingredients tbesittessapplyingotoithe culture Vessel as a coating.
These results corgirmed th@t by using the cultryre method according to the present invention, human

pluripotent’stem’¢&1a maifitain tHe undiifferbBHti&t8d stafe even difer réfeated subédttiring®Example 5

[0094] [Cutiurnghunanipscelswhilemaintaining undifferertiated stajgh4Gulturing with medium
containing protein kinase C peptide inhibitor) Media comprising the activin-containing supplement

+ hESF-grBfiAediftGrhe acfiim-fed shfpl&Ment ¥ HESEGOWIRediutiwills ABrohEef’ coating

described inExample 3 8nd &, 2¢5; 8nor 1Q4IMgeach.of mysistgylated protein k nase C peptide
inhibitor (Myr. RFARKGALRQKNYV) (from Promega Corporation) added thereto were prepared, and

used as fifsPmedia containing a protein kinase C inhibitor and second media containing a protein
kinase C ir}@g};{%ra{f%ogg\],e e}g%gﬁgfs cell line Tic (JCRE1331) was dispersed in the first medium
containing a protein k nase C inhibitor'and culturing was started.60 hours after starting the culturing of
the cell line Tic, a Aregdium change inta the secohd medium camaining @pERein KinasewG énhibitor was
conducted. Twicee%f medium chang% were further conducted every 24 hours.On the fourth day after

starting the chftdirity, the celidWerd FXETWIR 4.8 RiM citiic abfd, 2528 mM 3bdiing citkita!s3 mM
sodium chipsisler 65%methansl and-4% pasatermaldelyde.fog five minwtes Aaling: 11ty

te  collagen and gelatin at  about 10 ng/cm’ in
concentration (see Figure 1(c¢)).

100c68]

{Discussion)

The above results showed that the pluripotent stem
cells have strong adhesion ability to laminin and
fibronectin. Cells cultured on laminin, however, express
cytokeratin strongly. Therefore, bovine- or human-derived
fibronectin was determined tc be used as an ingredient of
the supplements according to the present invention.

[ 0069]
[ Supplement ingredient: study on substituting ingredient
for bovine albumin-conjugated oleic acid]

Bovine albumin (bovine serum albumin: BSA) has been

used in many cenventional media such as the aforementioned

43



phosphatase staining was conducted with FastRed substrate kit (from Sigma Chemical Co.) according
to the guidance of the manufacturer. The results are shown in Figure 9. [0096] (Result)

Photographs of the cell line Tic on the fourth day after starting the culturing are shown in Figure 9.
When cultured in a medium comprising 1 to 5 1TM of myristoylated protein kinase C (PKC) peptide
inhibitor, further suppression of differentiation was observed, compared to the suppression when no
inhibitor was added. Moreover, when 1 to 2.5 RM was added to the medium, increase in proliferation
was observed FAdustridl Mvailabiine097] 1s Receatlyiadciiattentch has beér attracted to
regenerative, megigine a5 4 therapy that compgnsates,for, shortqomings, of conyentignal grgan
transplantation. In regenerative medicine, a tissue oForgan IS generatefﬂ tgbompenéate for deficient
tissue by astificialblydnducingrthe differentiation of stéhe eells; vhich.are thought to- have an<ability to
differentiate in multiple djrections, According_to the method of the present invention, it becomes
possible to"provitePiuripotent Stem deli8 maintaiing %n%@if@?&nﬁ%ﬁé& SEtE T fofaply them to
regenerative, medicine to-huildtissues and-argans-ef interest:in ¥itro6r iayives thereby salving various
problems involved in the transplantation treatment including autologous transplantation. CLAIMS 1. A
method forcdultufing aitiifian pibspetenrsemiceliwhiletidintairing aih uhdifferertiaté wseate,
comprising-the,steps (a) Lo (c), whereln aftecthestep (), thesteps () apd-(Q).are seguentially
repeated: (@) a step of culturing a human pluripotent stem cell in a first medium comprising a basal
medium fol BRiripofeht stemtcellsappiementedwithadasthdn-epintairing supplelent;S @82astep of
replacing the.first medium with a.second medium comprising the basal medium for pluripotent stem
cell supple%%efgnef:é:& \?Vithoa%]l a%t%lv%-?t%e%@gﬁlgr%en%%ﬁgnéﬁhur%a the cuorlﬁﬂ%r% %?ur}ﬁooﬂ@rﬁngﬁgm cell; and
(c) a step of subeulturing Hehuntarcpluripoténtstera celbintethedfirshmedium/ 2- Thelmethod for
culturing according to claim 1, wherein the supplements comprise fibronectin, insulin, transferrin,

2-mercapt§éthénct 2-dthanol%iine S 85dam stlenitd antf & gl%%ﬁﬁﬂ%ﬁﬁfg%teﬁtﬁéi% afil. 3. The

method acgergding do claim 2, wherein fibronestin is uged withowt heing.coated on-anyinside of a culture
vessel. 4. The method according to claim 2 or 3, wherein the supplements further comprise a protein
kinase C irfhibltBti 5. THe méthsior edfGihglaccording % &ny ené of elaims 40t 4 4¢Hetdin the basal

memumlsgﬁQEgWE@X&?ﬂn%%mng the ingredients of the hESFY medium,

BSA and oleic acid were substituted with BSA-conjugated

oieic acid {medium condition 1), rHS8A alone {medium
condition 2), 0or rHSA-~conjugated oleic acid (medium
condition 3). A medium in which none of BRBSA, rHSA, or

oleic acid was added to the hESFS medium was used as a
negative contrcl (medium condition 4. Cell line HY
(WADY) was cultured under these conditions. Cell line HS
(WAD9) being cultured was cultured in hESFY9 medium for 1
passage, subijected to fluorescent immunostaining, and
analyzed on the percentage of positive cells with
expression. The cells were fixed with 4% paraformaldehyde
(PFA} 1in PBS at room temperature for 15 minutes, blocked
with bovine serum, and then immunostained using anti-SSEA-
4 antibody (from Abcam plc.) and AlexaFlucr-labeled anti-
meuse IgG  (from Invitrogen Corporation); anti-TRA-1-60

antibody (from Abcam plc.) and AlexaFluor-labeled anti-
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medium comprising one or more sugars, one or more inorganic salts, one or more amino acids, one or
more vitamins and a trace ingredient. 6. The method for culturing according to any one of claims 1 to
4, wherein the basal medium is a hESF-grow medium shown in Table 1: [Table 1.1 hESF-grow
medium INORGANIC SAIJS in g/L VITAMINS g /1 CaCl, 108. 305 Ascorbic ac id 2-phosphate 100
Ca (NO3). 25 0-Biotin 0.05185 0080,- 511,0 0.000625 Choline Chloride

mouse IgM (from Invitrogen Corporation); or anti-SSEA-1
antibody (from Abcam plc.) and AlexaFluor-labeled anti-
mouse IgM  {(from Invitrogen Corporation). After the
blocking with bovine serum comprising Triton X, the cells

were treated with immunostaining with anti-Nanog antibody

(from Cell Signaling Technology, Inc.) and anti-QCT4
antibody {from Santa Cruz Biotechnology, Inc.), reacted
with an AlexaFluor-labeled secondary antibody, and
observed wunder fluorescent microscope. Details of the

medium conditions described above are shown in Table 3,

and the results are shown in Figure 2.

[ 0G70]
[ Table 3]
BSA rHSA Oleic acid

Medium + - + BSA-conjugated oleic acid
condition (1) (known hESF9 medium)
Medium - + - Recombinant human albumin
condition (2) (rHSA)
Medium - + + rHSA-conjugated oleic acid
condition (3)

Medium - - - None
condition (4)

[ 0C71]
(Result)

There were no significant differences between the
medium conditions (1) to (4) in the percentage of positive
cells expressing the undifferentiation marker SSEA-4, TRA-
1-¢0, or Nanog in cell line H9 (WA09), among the cells
cultured for 1 passage (see Figure Z2). On the other hand,
the percentage of positive cells expressing the
differentiation marker SSEA~1 was found to be

significantly {* mark) increased 1in the medium conditiocn
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6.24 Fe(NO3) 2- 91120 0.05 Folic Acid 2.575 Fe504. 71120 0.2085 1tol 16.85 MgC | 6H20 30. 515
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(2), in which rHSA alone was added. The foregeing results
indicated that though rHSA does not affect the expression
of undifferentiation markers, addition of rHSA conjugated
with oleic acid decreasas the expression of
differentiation markers, and has an effect of suppressing
the differentiation.

[ 0072]

(Fluorescent immunostaining)

Under the medium condition (3), cultured cells of
cell 1ine HY (WAO09) at passage 3 were examined with
fluorescent immunostaining using the undifferentiation
markers SSEA-4, Tral-60, and Nanog, and the

differentiation marker SSEA-1.

[ C0723]
{(Result)

The cultured cells of cell line H9 (WADG)
immunostained with antibodies against the

undifferentiation markers SSEA~4, Tral-€0, and Nanog were
found to show high expression cof the antibodies, but low
expressicn of the differentiaticn marker SSEA-1. The
foregoing results confirmed that supplements comprising
rHSA conjugated with oleic aclid are effective for
maintaining the undifferentiated state of pluripotent stem
cells.
[ 0074]
[ Supplement ingredient; removal of porcine-derived
neparinj

Previcusly, the present inventors developed a medium
comprising heparin for maintaining primate embryonic-stem

cells {see for example, Japanese unexamined Patent
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Application Publication (Translation of PCT Application)
No. 2009~-542247, described above). Since most of sources
of heparin are animals such as pilg, the present inventors
tried culturing cell line HY9 (WACS) in a hESF-9¢ medium
lacking heparin and supplemented with activin.
Observation of cultured cells of cell line HS (WA09) at
passage 2, stained with anti-Tra-1-60 antiboedy under
microscope revealed characteristics such as cellular
morphologies with the border between cells being unclear
and cytoplasm being mostly occupied with the nucleus;
colonies with circular outlines; and colonies being
slightly piled-up with cells (see, Figure 4). These
confirmed that the pluripotency of the cells was
maintained. Based on these 1zresults, porcine-derived
heparin was determined to be removed from the medium

ingredients.

Example 2
[ 0075]
[ Basal medium; preparaticn of hESF-grow medium]

The inventors used to add HEPES to conventional
media (see for example, international publication No.
WO2005/083%68 pamphlet, described above). HEPES was,
however, removed based on the finding that additien of
HEPES to serum~free medium has a very adverse effect on
the maintenance of human ES cells (see for example, PNAS,
vol.105, no. 36, 1340%-13414, describsd above). Based on
the finding that an undifferentiated state is maintained
by addition of ascorbic acid {Japanese unexamined Patent

Application Publication (Translation of PCT Application)
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0.216 Vitamin 9l12 n-aminebenzoic acid 0,34125 0.25 AMINO ACIDS mL L-Alanine 2. 225
L-Arginine SO MISC. ni g L L-Arginine.HCI 94. 75

No. 2009-542247), a basal medium of the composition shown
in Table 4 below {(hESF-grow medium) was prepared as an
animal product-free basal medium and sterilized according
to an ordinary method.

[ 007¢]
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NaHCO5 2000 L-Asparagine -1120 16.2525 Giuthathione 0.25 L-Aspartic Ac id 8.325Thyrﬁi di ne O.
1825 L-Cyst ine-HC1 .H20 47.5725Hypoxanthine 1.02 L-Cyste ine 2HC1 7.88 Lipoic acid 0.0525
L-GlIntamic Acid

[ Table 4]

hESF-grow medium

INORGANIC SALTS mg. L VITAMINS mg.~ L
CaCl, 108, 305 gfggzﬁgﬁaigld 100
Ca (NO,), 25 | D-Biotin 0. 05185
CuS0,-BH,0 . 000625 | Choline Chloride 6.24
Fe (NO;) ,-9H,0 0.05 | Felic Acid 2.575
Fe&0,- 7THO 0.2085 | I-Inositel 16. 85
MgCl-6H.0 30. 515 | Niacinamide 4. 25025
MgSo, 61, 055 E;I;g‘?gzgzhemc 2.1825
KCi 365.9 | Pyridoxal -HC} 2
NaCl 6599. 75 | Pyridoxine-HCI (. 2655
Na,HPO, ZH,G 295. 28 | Riboflavin 0. 2595
NaH.P0, H,0 61.51 { Thiamine-HC1 2,335
ZnS0,-TH,0 0.216 | Vitamin B-~12 0. 34125
AMING ACTDS mg/L | Paminohenzoic 0.25
L-Alanine 2.225
L-Arginine 50 ; MISC. meg.~ L
L-Arginine-HC1 94. 75 | NaHCO, 2000
L-Asparagine-H,0 16. 2525 | Gluthathione Q.25
L-Aspartic Acid 8. 325 | Thymidine 0.1828
L-Cystine-HCL-HO 47.5725 | Hypoxanthine 1.02
L-Cysteine-2HC1 7.88 | Lipoic aecid 0. 0525
L-Glutamic Acid 8.675 | Linoleic acid 0,021
L~Glutamine 549,65 | Phenol Red-Na 6. 56
Glycine 19. 375 | Putrescine- 2HC1 0. 04025
L-Histidine-HC1- 23. 165 | Pyruvic acid-Na 110
L-Hydroxyproline 5
L-Isoleucine 65, 935 | D-Glucose 2000
L-Leucine 68. 225
I-Lysine-HCl 82,175
L-Methionine 19. 87
L-Phenyvlalanine 37.99
L-Proline 13,626
L-Serine 31,125
L-Threcnine 55, 525
L-Tryptophan 9. 76
L-Tyrosine-* 42,36
L-Yaline 54, 825
[ 0077
Based on the findings of the inventors and the
foregolng studies, the inventors tried culturing

49



8.675 Linoleic acid 0.021 I-Glutamine 549,55 Phenol Red -Na 6.56 Glycine 19.375 Putrescine2HCI
0.04025 L-Histidine-HO1. 23. 165 Pyruvic acid -Na 110 L-Hydroxypro | ine

pluripotent stem cells using a medium prepared by adding
to the aforementioned hESF-grow medium a supplement to be
used for culturing human pluripotent stem cells while
maintaining an undifferentiated state, which supplement
comprises a _suitable combination of bovine fibronectin,
recombinant human insulin, recombinant human transferrin
{apo), Z2Z2-mercaptoethanocl, Z-ethanclamine, sodium selenate,
recompbinant human FGE-2, recompinant  human albumin-
conjugated oleic acid, and reccmbinant human activin.
[ 0078]
| In the following studies, crvopreserved cell line HY
(WAO9) was subjected to a preparation prior to its seeding,
by seeding mouse embryonic fibroblasts (from Millipore
Corporation) whese cell growth is arrested with mitemycin
C as feeder cells in Dulbecco's modified Eagle medium
comprising 10% fetal bovine serum in a flask (from Corning
Incorporated) coated with 0.1% gelatin (Embryomax, from
Millipore  Corporation); adding DM/F12 (from  GIBCO)
supplemented with I mM L-glutamine (21-51-016, from GIBCO),
0.1 mM Z-mercaptoethancl, 1% non-essential amino acgids
{11140-035%, from GIBCO), 20% KSR {10828-028, from GIRZO)
and 4 ng/mlL  DFGF {13256-029, from KATAYAMA CHEMICAL
INDUSTRIES Co., Ltd.); and maintaining the cells in the
resulted KSR-addition medium.
[ 0079]
(Preparation of medium 1)

A solution of (1) human plasma fibronectin (F(895,

from Sigma Chemical Co.) dissolved in PBS at 2 ug/cm’ was
transferred into a 25 cm? flask {from Corning
Incorporated). The flask was treated at 37°C for 3 hours,
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L-Isoleucine 65. 935 D-Glucose 2000 1t-Leuo ine 68. 225 L-Lysine- HCI1 92. 175 1.-Methionlne
19.87

with avoiding being dried, and the solution was aspirated
Jjust priocr to seeding cells. Aectivin-containing
supplement + hESF-grow medium was prepared on the coating
in the flask by adding the hESF-grow medium supplemented
with a supplement of 8 factors of (1) to (8) and 2 ng/mL

activin (N-338 AC/Cr, from R&D Systems, Inc.), as an

activin-containing supplement: (2) 10 ug/mL recombinant
human insulin (19278-5ML, from Sigma Chemical Co.); (3) 5
pug/ml. recombinant human transferrin (apo) (T 2252, from
Sigma Chemical Coc.); (4) 10 uM Z2-mercaptoethancl (M 7522,
from Sigma'Chemical Co.i; (5) 10 uM Z=-ethanolamine (E 0135,
from Sigma Chemical Co.); (6} 20 nM sodium selenite (8
9133, from Sigma Chemical Co.); (7) rHSA-conjugated oleic

acid wherein 9.4 pg/mlL oleic acid (0-1383-3G, from Sigma
Chemical Co.) is complexed with 1 mg/mL recombinant human
albumin; (8) > ng/mL basic FGF (from KATAYAMA CHEMICAL
INDUSTRIES Co., Ltd.).

[ 00803

(Preparation of medium 2)

Activin-free supplement + hESF-grow medium was
prepared by adding a supplement of 8 factors of (1) to (8)
described above, as an activin-free supplement, to the
hESF-grow medium described above.

[ ¢081]
(Culturing in activin-containing medium)

Cell line HY9 (WAQ9) was cultured in the activin-
containing supplement + hESF-grow medium. 60 hours after
starting the culturing, a medium change into the activin-
containing supplement + hESF~grow medium was conducted. 7

days after starting the culturing, the cells were observed.
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L-Pheny lal anine 37.99 L-ProlInc 13. 625 L-Serine 31. 125 Threonin e55. 525
L-Tryptephan 9.75

A micrograph of the cells is shown in Figure 5(a). The
colony is in a flat form and with a deformed shape,
confirming that the cells Likely have lost the
undifferentiated state.

[ 0082]

{(Medium change into activin-free medium)

Cell line HY {(WAD9) was cultured in the activin-
containing supplement + hESF-grow medium. 60 hours after
starting the culturing, a medium change into the activin-
free supplement + hESF-grow medium was conducted. 5 days
after starting the culturing, the cells were observed. A
micrograph of the cells is shown in Figure b5(b). The
colony 1s 1in a piled-up form and with a round shape,
confirming that +the c¢ells likely have not lost the

undifferentiated state.

Example 3

[ 0083]

[ Culturing human pluripotent stem cells while maintaining
undifferentiated state]

(Fibronectin coating)

After this, studies were continued using the
activin-containing supplement + hESF-grow medium as the
first medium, and the activin-free supplement + hESF-grow
medium as the second medium.

[ 0084]

Cell 1line H® (WAC®) was maintained in the KSR-

addition medium. After remcving the medium and treating

the cells with 1 unit/mL dispase at 37°C for 2 minutes,

dispase was removed, the c¢ell population was collected
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I-Tyrosine 42. 36 L-Ve Line 54. 825 7. A kit for culturing a human pluripotent stem cell while
maintaining an undifferentiated state, comprising an activin-containing supplement, an activin-free
supplement and an ingredient of basal medium for human plunipotent stem cell. 8. The kit according
to claim 7, wherein the supplements comprisefibronectin,insulin,transferrin,2- mercaptoethanol,
2-ethanolamine, sodium selenite and an albumin-conjugated oleic acid. 9. The kit according to claim 7
or 8, wherein fibronectin is added to the supplements. 10. The kit according to any one of claims 7 to
9, whereinithé supplemeris further comprise lagpretdih kinase i inbibiteed1imThe kit atearding to any
one of claims 7 10,10, Whteoreigﬁge basal medium is a chemically defined medium comprising one or

more sugars, ohe or More INOrganic saits. one ot more-aMino deids on&'of Moré Vidiid and a trace

ingredient.z $2.3The kipaccosding toranyiers ofiglaimssA tos10,wherein the-basal mediymds a

hESF-grow medium shown in Table 2; , _
first medium sclution and subjected to centrifugation
again. The cells were then dispersed in the first medium
to start culturing at passage 1.
[ 0085]

Cell line H9 (WAQQ9) was cultured in the first medium.
60 hours after starting the culturing, a medium change
into the second medium was conducted. Moreover, three
times cf medium change inte the second medium were
conducted every 24 hours. Three days after the medium
change from the first medium to the second medium, the
medium was removed from the culture of cell line HY9 (WAD9).
After treating the cells with 1 unit/mL dispase at 237°C
for 2 minutes, dispase was removed, the cell population
was collected using a scraper or the like with the first
medium solution according to the present invention. After
centrifugation at 300 rpm, the cells were dispersed in the
first medium solution and subjected to centrifugation
again. The cells were dispersed in the first medium to be
transferred (subcultured), and cultured at passage 2.
When the timing of use of the cells used at passage 1 was
optimum, passage 2 starts at the third or fourth day, and,
thereafter, subculturing is at the fifth day.
[ 0086}
The cell 1line HYS (WAQS) at passage 2 subcultured

into the first medium was cultured in the first medium.
60 hours after starting the culturing, a medium change

into the second medium was conducted., 5 times of medium
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[ Table 2] hESF-grow medium  IMMGAMCSM.TS mg/L VITAMINS m /L 1 .Caft 108,306 Ascorbic
acid 2-phosphate 100 Ca (NO:) 25 0-Biotin 0.05185

change into the second medium were conducted, and then on
the fifth day after the medium change from the first
medium tc the second medium, the cells were subcultured
agalin into the first medium and cultured at passage 2.
After this, the steps of subculturing cells into the first
medium and changing medium tc¢ the second medium were
repeated, and culturing was continued. |

[ 0087]

(Morphological observation)

Figure 6 1s a series of photographs showing the
rhase contrast microsceope observation of cells at passage
1 to €& of the cultured cells of the cell line HY9 (WAO09)
cultured by the aforementioned method. At any period, the
characteristics of undifferentiated cells: the border
between cells Dbeing unclear, and cells being mostly
cccupied with the nucleus with i1ittle cytoplasm;
populations of cells (cclonies) having c¢lear circular
cutlines; many c¢olonies Dbeing slightly piled-up with
cells; and the absence of fibroblast-like ¢ells or nerve-
like cells emerging from the border of c¢olony, were
observed, confirming that the pluripotency was maintained.
[ 0088]

{Analysis by flow cytometry)

Cell line H9 (WAO0Y9) was analyzed by flow cytometry
cn the undifferentiated state of the cultured cells of the
cell line H9 (WAD9) cultured by the aforementioned method,
using SSEA-3, SS8EA-4, TRA-2-54, TRA-1-606, TRA-1-80 and
CDR90 {from Becton, Dickinson and Company) as
undifferentiation markers, and SSEA~1, CD105 (from Becton,

Dickinson and Company}, CD5¢ (from Becteon, Dickinson and



|c}n50(58,o 0.000625 Choline Chloride 6.24 Fo(NO,)3.91-1t0 0.06 Folio Acid 2.575 IF e0-7110 e- ii
0.2085 T-Tonsitol 16.85 11,16C1-68.0 30.515 Niacinamide 2.25925

Company) and  AZBD {(from Millipore Corporation) as
differentiation markers. HLA-abc (from Becton, Dickinson
and Companj) was used to confirm that cells are derived
from human. The cultured cells of the cell line HS (WAQS)
at passage O were treated with PBS solution comprising
trypsin/EDTA, and dispersed on the fifth day after the
last transfer. The cells were suspended in 1 mL of 10%
bovine serum (from HyClone Laboratories, Inc.) for 30
minutes, centrifuged, and tThen incubated with mouse
antibodies (from Abcam plc.) against respective markers
fer 30 minutes. The cultured cells were washed three
times with PBS containing 1% bovine serum, and reacted
with AlexaFluor-conjugated anti-rat TgM, goat anti-mouse
TgG, and IgM antibody (from Invitrogen Corporaticn) for 15
minutes. The cultured cells were washed three times with
PBS containing 1% bovine serum, then resuspended, and
analyzed with BD FACSCanto (TM) flow cytometer (from
Becton, Dickinson and Company, NJ USA). The results are
shown in Figure 7.

[ 0089]

{Result)

As apparent from Figure 7, cells highly expressing
the undifferentiation marker SSEA-3, SSEA-4, TRA-2-54,
TRA-1-60C, TRA-1-80 and CD20 were shown to be 65.3 to 9%.5%,
Expression of the differentiation marker S8SEA-1, <CD105,
Cbh56, or A2ZB5 was 1.1Z2 to 12.5%. HLA~abc was 99%,
indicating that they are human-derived cells. These
results indicated that the cells of cell line H9 (WAQ9)

cultured on the fibronectin cecating were pluripotent stem
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cells maintaining the undifferentiated state even after 5

passages.

Example 4

[ 0090]

[ Culturing human pluripctent stem cells while maintaining
undifferentiated state]

(Preparation of first medium containing fibronectin)

In a 6 well plate {from Becton, Dickinson and
Compény), first media containing fibronectin were prepared
by adding 10 pg/ml recombinant human insulin, 5 upg/nml
recombinant human transferrin {apo}, 10 pM Z2 -
mercaptcethancl, 10 uM Z-ethanclamine, 20 nM sodium
selenite, 9.4 ug/mL oleic acid complexed with 1 mg/mL
recombinant human albumin, and 2 ng/mL recombinant human
activin to the hESF-grow medium, and further adding &, 20,
40, 80, 160, or 320 pg/well of bovine fibronectin to each
well.

[ 0081]
(Preparation of second medium containing fibronectin)

In a 6 well plate {from Becton, Dickinson and
Company) , second media containing fibronectin were
prepared by adding 5 pg/ml recombinant human transferrin
{apo), 10 uM Z2-mercaptcethanol, 10 uM 2-ethanclamine, 20
nM sodium selenate and 9.4 ug/ml oleic acid complexed with
1 mg/ml recombinant albumin to the hESF-grow medium, and
further adding 0, 20, 40, 80, 160, or 320 ug/well of
bovine fibronectin to each well.

[0092)
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Nali2PO4 Hp 61.51 Thiémihe-HCl 2.335 211150,-7020 0.216 Vitamin 0-12 0.24125 AMINO ACIDS
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The cell line H® (WA09) was cultured similarly to
the culturing on fibronectin coating described above,
except that the first medium and the second medium
described in the above section on fibronectin coating were
replaced with the first media containing fibrenectin and
the second media containing fibronectin, and cells were
cultured at wvarying concentrations of fibronectin in
respective wells. The area of 1 well in the used plate
was 9.6 com?, and 3 mlL each of the medium was added.

[ 0G&3]
{Result)

Micrographs of the cultured cells of cell line HESY
(WAOD) after subculturing into a serum-free medium are
shown in Figure 8. Based on the appearance of the cells,
the undifferentiated state was found to be best maintained
when  supplemented with 80 ug/well of fibronectin.
Fibrenectin was confirmed to be effective in the method
acceording to the present invention, even when added to a
basal medium with other supplement ingredients, besides
applying to the «culture vessel as a coating. Thege
results confirmed that by using the culture method
according to the present inventiocn, human pluripotent stem
cells maintain the undifferentiated state even after

repeated subculturing.

Example 5
[ 0094]
[ Culturing human ips cells while maintaining

undifferentiated state]
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L-Arginine 50 MISC. mg,'L ,L-Arginine-HC1 94.75 NaHCO, 2000 L-Asparagine-11,0 16.2525
Gluthathione 0.25 L-Aspartic Acid 8.325

(Culturing with medium containing protein kinase C peptide
inhibitor)

Media comprising the activin-containing supplement -+
hESF-grow medium or the activin-free supplement + hESF-
grow medium with fibronectin coating described in Example
3 and G, 1, 2.5, 5, cr 10 pM each of myristoylated protein
kinase C peptide inhibitor (Myr. RFARKGALRQKNV) {from
Promega Corporation) added thereto were prepared, and used
as first media containing a protein kinase € inhibitor and
second media containing a protein kinase C inhibitor.

[ 0C95]

Human 1iPS cell line Tic (JCRB1331) was dispersed in
the first medium containing a protein kinase C inhibitor
and culturing was started. 60 hours after starting the
culturing of the cell line Tic, a medium change into the
second medium containing a protein kinase C inhibitor was
conducted. Twice of medium changes were further conducted
every 24 hours. On the fourth day after starting the
culturing, the cells were fizxed with 4.5 mM citric acid,
2.25 mM godium ciltrate, 3 mM sodium chloride, 65% methanrol
and 4% paraformaldehyde for five minutes. Alkaline
phosphatase staining was conducted with FastRed substrate
kit (from Sigma Chemical Co.} according to the guidance of
the manufacturer. The results are shown in Figure 9.

[ 0C&g8]
(Result)

Photographs of the cell line Tic on the fourth day
alter starting the culturing are shown in Figure 9. When
cultured in a medium comprising 1 to 5 uM of myristovylated

protein kinase C {PKC) peptide inhibitor, further
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Thymidine 0.1825 L-Cystine-HC1-1120 47.5725 Hybomanthine 1.02 L-Cysteinm2HC1 7.88 Lipoic
acid 0.0525 L-Glutamic Acid 8.675 Linoleic acid 0.021 I-Glutamine 549.65

suppression of differentiation was observed, compared to
the suppression when no inhibitor was added. Moreover,

when 1 to 2.5 pM was added to the medium, increase in

preliferation was observed.

Industrial Availability

[ 0097

Recently, much attention has Dbeen attracted to
regenerative medicine as & therapy that compensates for
shortcomings of conventional organ transplantation. In
regenerative medicine, a tissue or organ 1s generated to
compensate for deficient tissue by artificially inducing
the differentiation of stem cells, which are thought to
have an ability to differentiate in multiple directions.
According to the method of the present invention, it
becomes possible to provide pluripotent stem cells
maintaining an undifferentiated state, and toc apply them
to regenerative medicine to build tissues and organs of
interest in wvitro or in wvivo, thereby solving various
problems involved in the transplantation treatment

including autoclogous transplantation.
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Phenol Red-Na 6.56 Glycine 19.375 Putrescinm2NC1 0.04025 L-Histidine-HC1- 22.165 Pyruvic
acid-Na 110 L-Hydroxyproline5 L-Isolescinc

CLAIMS

1. A method for culturing a human pluripotent stem cell
while maintaining an undifferentiated state, comprising
the steps (a) to (c¢), wherein after the step {a), the
steps {b) and {(C} are sequentially repeated:

(a} a step of culturing a human pluripotent stem cell in a
first medium comprising a bkasal medium for pluripotent
stem cell supplemented with an activin-containing
supplement;

(b) & step of replacing the first medium with a second
medium comprising the basal medium for pluripotent stem
cell supplemented with an activin-free supplement, and
culturing the human pluripotent stem cell; and

(c) a step ¢f subculturing the human pluripotent stem cell

into the first medium.

2. The method for culturing according to claim 1, wherein
the supplements comprise fibrconectin, insulin, transferrin,
Z2-mercaptoethanol, Z-ethanolamine, sodium selenite and an

albumin-conjugated oleic acid.

3. The method according to c¢laim 2, wherein fibronectin is

used withcut being coated on an inside of a culture vessel.

4. The method according to claim 2 or 3, wherein the

supplements further comprise a protein kinase C inhibitor.

5. The method for culturing according to any one of claims

1 to 4, wheresin the basal medium is a chemically defined
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medium

ingrganic

comprising

salts,

65.935 fl-Glucose 2000 L-Leucine 68.225

one O

L-Lysine-FICI 92.175

r more

one o©or more amino acids,

vitamins and a trace ingredient.

6. The method for culturing according to any one of claims

1l to 4,

shown in Table 1:

[ Table 1]

hESF-grow medium

sugars,

L-Methionine 19.87

one

one or nmore

wherein the basal medium is a hESF-grow medium

INORGANIC SALTS mea, L VITAMINS mg. L
euct, 108305 | 9CprbLe ackd 160
Ca{NOJ, 26 | D-Biotin G 05185
CuS0,-5H0 0. 000625 | Cheline Chioride 6. 24
Fe(NO - OH,G 0.05 | Folie Acid 2. 675
Fe30, THO 0.2085 | I-Inositol 16.85 :
MgCl-8H.0 3¢, 515 | Niacinamide 2. 25925
Hg30, 61, 055 2;?3?§§Zh°“1“ 2. 1825
KClL 355.8 | Pyridoxal ‘HCL 2
NaCl 6599, 75 | Pyridoxina-HC1 0. 2655
{ Na IIPO, 21,0 295,28 | Riboflavin 0. 2545
Nall PO, H0 £1. 51 | Thiamine-HC1 2. 335
£n80,- ?H;Ow N 0.216 | Vitamin B-12 0, 34128
ANINO ACIDS mg/1 | Peminobenzolc 0.25
i L-Alenine 2, 225 i
"i~Arginine 50 | MISC. mg. L J
L-Arginine-{IC] 94, 75 | NaHCO, 2000
L-Asparagine -H,0 18,2526 * Gluthathione 0.25
L-Aspureic Acid 8325 : Thymidine 0. 1825
L~Cystine-HC1-H,0 47.5725 | Hypoxanthine 1.02
L-Cysteine-2HCL 7.83: Lipoic aeid ¢. 0325
L~Glatamic Acid 8.675 ! Linoleic acid 0. 621
P L-Glutamine 549. 65 | Phenol Red-Na 6. 36
Glycine 19,375 | Putrescine- 2HC] G. 04025
[-Histidine-HCIl- 23. 185 | Pyruvic acid-Na 110
L-Hydroxvproline 5
I-Iscleucine 65. 835 | D-Glucose 2000 |
L-Leycine 68,225
L-Lvsine-HCi B2, 175
L-Methicnine 19. 87
L-Phenylalanine 37,99
L~Prnline 13. 625
L-Serine 31,128
L Threanine 35,525
L-Trypiophen 9. 758
L-Tyrosine- 42 3%
I~Vzline 54, 825 ,
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L-Phenylalanine 37.99 L-Proline 13.625  |-Serino 31.125  L-Threonine 55.525

7. A kit for culturing a human pluripotent stem cell while
maintaining an undifferentiated state, Comprisimg an
activin-containing supplement, an activin-free supplement
and an ingredient of bkasal medium for human pluripotent

stem cell.

8. The kit accorxding to claim 7, wherein the supplements
comprise fibronectin, insulin, transferrin, 2=
mercaptoethancl, Z-ethanclamine, sodium selenite and an

albumin-conjugated oleic acid.

9. The kit acccrding to claim 7 or 8, wherein fibronectin

is added to the supplements.

10. The kit according to any one of claims 7 to 9, wherein
the supplements further comprise a protein kinase C

inhibitor.

11. The kit according to any one of c¢laims 7 to 10,
wnerein the basal medium is a chemically defined medium
comprising one or more sugars, one or more inorganic salts,
one or more amino acids, one or more vitamins and a trace

ingredient.
12. The kit according to any one of claims 7 o 10,

wherein the basal medium is a hESF-grow medium shown in

Table 2:
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Tryptechan 9.76 142.36 L-Valine 54.825 13. The kit according to any one of claims 7 to 12,
further comprising an antibody, a probe or a primer against an undifferentiation and/or differentiation

marker.

[ Table 2]

hESF-grow medium

TNORGANIC SALTS meg.~ L VITAMTNS mp I
Lcacl, 108, 305 | §S6prble acid 100
CalNO3, 28 1 D-Biotin {. 05185
€us0,- 5H.0 0. 000825 | Choline Chloride 6. 24
Fe(No,) %R0 0.08 { Folic Acid 2. 578
Fes0,-TH.0 0. 2085 | I-Tnositol 1€. 83
HeCl -8R0 30.8:5 | Niacinamide 2. 25923
MeS0, A1 085 g;‘;z‘_‘%g;hem 2.18%5
RCl 355.9 | Pyridoxal-IiC] 2
NaCl 6599.75 Pyridoxine-HCl D. 2655
Na,HPG, 24,0 295,28 | Riboflavin 0.2585
Nah,Po, H0 61.51 ; Thiamire-HCl 2. 335
7080, THO 0.216 | Vitamin B-12 0. 34123
AMING ACIDS meg/L | Paminobenzole 0. 25
 L-Alanine 2,223
" L~Arginine 30 | MISC. mg, L
L-Arginine-HC1 84. 75 | NaHCO, 2000
L~Asparagine-H0 16, 2525 | Gluthathione 0,25
L-Aspartic Acid 8,325 | Thymidine 0. 1825
L-Cystine-11CT <H.0 47. 53725 | Hypoxanthine 1,02
t L-Cysteine- 2HC] 1.88 | Lipoic ucid 0. 0528
-bGlutamic Acid 8.678 1 Lincleic acid 0,021 |
! L-Glutamine 54%. £5 | Phencl Red-Na 6. 56
{Glycine 19. 375 | Putrescine- 2HCT 5. 04025
L-Histidine-HCl- 23. 165 | Pyruvic acid'Na 110
[~Hydroxypraline 5
L-Isoleucine 65. 935 | D-Glucose 2000
[~Laucineg 88. 225
L~Lyvsine -HCL 92. 175
L-¥ethionine 18. 87
L-Phenylalanine 37. 9%
L-Proline 13. 628
L-8erine’ 31.126
L-Threonine 8k, 525
L Tryptophzn 8.76
L-Tvrosine- 42, 36
I L-Yaline 54, 825
13. The kit according to any one of c¢laims 7 to 12,
further comprising an antibody, a probe or a primer

against an undifferentiation and/or differentiation marker.
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