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APPLICATIONS [0001] This application claims priority from U.S.

Ybdséanalyatent application Ser. No. 60/608,040 filed Septeh e s,031838
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BACKGROUNREHS RERRENEHENEI00SES erpeala rendefined as

cells that are capable of differentiation into. many other differentiated, cell
[0004Jpes. EMBI/BRREQETH CaifEsardostn BN ot EBRbRAGRIGRRL g on Ser. No.
60/608j0ablElaf Sdiffertniialipininto most, if not all, of the differentiated cell

types of a mature body. Stem cells are referred to as pluripotent, which

describes this capability of differentiating into many cell types. A category
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an embryonic stem cell derived from a human embryonic squrce. Human
follqgrigrparieisteRIERE h&2bt dheliaitsd hntesihts eEipiiabis doas ygntion.

capable of indefinite proliferation in culture and are thus capable, at least
in principle, of SUppMﬂ}Q:Eﬁf‘#ﬁ %[}%{ﬂ tof failing or
defective human tissue."The éxistence in culturé o uman embryonic
[0068em cellStifersltharpdténtibhotadlsinter: capdhined dffraentationlistamygny other
dsz%’@ﬁﬁ?éc{ QEVERHL. %3&?&?9&9“ {Qﬁf@e@ﬁ%%ﬁ%ﬂkﬁf&@éﬁ% wﬁeﬁam o capable of
eal

It is envisioned in the future human embréonlc stem cells will b

diffgﬁ@méméat%@sa etk Ui ifranatd R RhASEEe B4y tem cells
re REMElaRdiffpraniatad colis dedisiiteshiwbishaaty beditnsplatigditionany cell
an bodies. fqr therapeutic rpp um bryonic stem cells.
typeﬁh&f‘f’éegﬁ%?ef R e R etlﬁ‘aﬁllngyﬁgéﬁ |gFilr\/etéff?Jlt’r)romt em(iellre mfmm][yl the
hmxmnwmtfmtﬂmemmﬁmﬁot&bt@mh@iémd)@@mmmﬁs celluteinighéh an embryonic stem cell
dengsa'@&ﬁ@ J@Q%l; TheRasisEShnigueso-Aemle ARdA Wi

human em ryonlc st m cells have been described. The previously

mtere-ﬁéﬁ@mm.a@@@@@@f@%ﬁﬁ@@%ﬁengﬁ6%%an&r%wﬂaﬁk‘é%m at
leastAPRSHNE Progaaiuasceuseftysagddorgiivem i vRRiBnghyosiette tuman

. cells, One limitation _is of particular concern, Most exi human
s o S LT RS L LOe B U HLarLs O A AR g g e

amcdm&cdatg/knmmw@its eaflsisute fmmediu mmlwmeﬁtmmfm@ﬂqavé t@eﬁéﬁﬂsi in haman
heaﬁH.ltlftr Yé%é Wbﬂib?u actihatsoms-fosicellsfiam SXisiog CakRES and

Were tO exh
directed to dlfferennate into specific lineages so as to develop differentiated cells or tissues

which can be transplanted into human bodies for therapeutic purposes. Human embryonic stem
cells and the differentiated cells that may be derived from them are also powerful scientific tools
for the study of human cellular and developmental systems.

[6004] The basic techniques to create and culture human embryonic stem cells have been
described. The previously reported techniques do work, but there are limitations and drawbacks
to many of the procedures currently used to culture human embryonic stem cells. One limitation
is of particular concern. Most existing human embryonic stem cell lines have been, to one degree
or another, exposed directly to mouse cells or to a mediwm in which mouse cells have been
cultured previously. The fact that some ES cells from existing cell lines were found to exhibit

the sialic residue Neu5Ge, which is not normally made by human cells, received much attention
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the sialic residue NeuSGc, which is not normally made by human cells,
received much attention -1 WO 2006/029197 PCTIUS2005/031838 in the
press. The original techniques for the generation and culture of human
wEmbgerivstem cells required the use of mouse embryonie(filiidlefse31838
(MEF) feeder cells as a feeder Iayer on which human embryonic stem
in the %elzlsss C%ld gﬂt{’éﬁg_\ I& QB% 91§ a%%xdler e”%tu%r%tgf [ﬁl}?#lgemg ml%cas em
et mcomp y un tood mechanism, to encourage the stem c
cells mméﬁﬁ fheane ofuifrsrertnaistihaoblas MR S alstexiratihedes éaxemé

prud e ackigNeddicihe slermeeHs Wi Qdaesediicts, through
"condltl oned media." Conditioned medium is a stem cell cult%e medlum

Som%tﬁ%ﬂ?&ﬁ%&@@r@éﬁ?@%ﬁ%ﬂ%ﬁ&%ﬁ&%@% &SIEUSHs @ ppmain in an
undifudiutedd Eitherither, ieede dcetecimpaiati some ﬁaemmﬂne:mm mnmreved if
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such as a virus could transmit from the mouse cells to the human ES

the regalfids thefrenshitoacdpnsetive SBrirs R S FbRyG slere esits dathaui firentiggon.
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cultufé@ EE‘H& ﬂ?@ai%f ﬁbéﬁé@%ﬁbﬁ‘@&h%‘i‘t‘&%@ TUMARSIREANG SR LEYe WOy

a fibroblast feeder | ayer is of great interest in the continued development
desirafpigdbpirip deseliatsh B Rraumrtreset KLsRkhobASiBrTecctent g edia

whicli3008 bAChametetisiic bt of memgmiawm&ﬁmgmﬂsmwﬁum
that if ondltl ns_are Iess nldeal IIs vea den .
condl A | ALy S T A L B0 0 SVl R pelgithon

a fibrdelaxh fictidey toyaraintdigretciiternsain B8 wltsam:d; dmmm:ateﬂ@ﬂa@ms for the
long %uggﬁ{l@% fuliure cn ilggg@&ﬂigeggsults in some level of unwanted

differentiation, particularly around the periphery of the growing ES cell
(0003 0lony. ViHTsTRecaistis Kah b 6 'aR R HITCSHTRECARY R eV UM R téEronditions

are ie@Hfﬁéﬁﬁ&ééloﬂmmwﬂieQﬂ\t@nt'ﬁeﬁ@ﬂ@fm&‘@eﬁukiweICM}OHE} thalcPRIMISES cells
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cultustriddencstame amdélm@rde#nlieasahdm@nmetme@\nﬂ mupmeﬁtﬁtéf@meahﬁe,

pari G QhRderentated &5 callatlves. 1 0008T IPHREIMBHIVT: be cultured

formulations WI|| permit’human ES cells to remain
with some degree of unwanted differentiation, the objective is to define a culture condition that

ﬁ%{;\t@ m

permits the culture to remain as undifferentiated as possible, i.e. with as few differentiated cells
as possible. We believe that we have used particularly stringent standards to define conditions
that will support the indefinite culture of undifferentiated ES cell cultures.

[0006] Several medium formulations will permit human ES cells to remain
undifferentiated for some time, but that state often fails to maintain itself. In particular, we
define the growth of human ES cells from an initial seed culture in a culture vessel to confluence
in the same culture vessel as a “passage.” We have found several medium formulations that
permit the cultivation of human ES cells for one or two passages without severe differentiation,
but then the cells differentiate rapidly upon subsequent passages. We have come to believe that

in order for a medium to truly support the indefinite proliferation of human ES cells without
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undifferentiated for some time, but that state often fails to maintain itself.
In particular, we define the growth of human ES cells from an initial seed
culture in a culture vessel to confluence in the same culture vessel as a
"passage.” We have found several medium formulations that permit the
cultivation of human ES cells for one or two passages without severe
differentiatistiff@teigtionditutcthesdng oe fibeitiase piate capichydipedhay beegbent
ssages, WP hav come believe that mﬁ‘@ r for a megtiu .10 tru
demonmateg%o o%’ e w%“?n ite proli éegratﬁl)&n 181‘ahuiri?1an “ﬁ]sf?/\r/fﬁw%nu "-J}]a‘rf%ren%ted
state for at Mﬂei@ﬂp%@g@wihsuﬂmmmmmweﬂeédﬁw cells, the
homogenond BEH iR bishio BRAPAUA G LarhieReHE U AL IUTATE el 2

substantially uniform an undlfferentlated state for at least five passages.
Chmctmsuﬂslgfé}%l%é #8Ht-that the cultures remain relatively homogenous and

[6007) ungittesendisfestfpughabthetetltHe Rered a0 ddatads:al ﬁB&h@asﬂy by

suging e ERRRHBI BF8 NN TR Caot BESBE P ALYy

characteristju dgu;@mhltgmDephnkh‘ganéhohmctmﬁsmhoiwadycé&ﬁnmwhmmmd

morphologssv\‘ﬁ}ﬁlg Lﬁy dé% %'dg cel églrgsg ago%rn%kar% g}éﬁ\t}v%@}?can&bege%s %ge% 3

By contrastygeldscaiphelione éf%@wrﬁ%wmmg@ﬁa@@ mecdsEspwitBpdgineast,
borders. WhAHSWRichehayRidifiecendialehAPREARAAIART, PSR el end fidssn Wikblonies

indistinct_borders, While some differentiated cells can, and normally do,

of undiffere B@‘ﬁﬂﬁﬁlﬁh@%’ﬁfﬁﬁl&f%&ﬁ%&?%ﬁ&ﬁ%ﬁé?@@?é%% BE}ﬁ‘hﬁ VGSS"‘I
with only niténaretGbdiy e t&mm thappiphteyaebdiriiareupeariessdie ditfeentiated.

With experiipimalnumbers, af cells at fac-periphery o é*ile ?‘ﬁi{%ﬁ“{ﬁuu? ”&tOPRP:
glﬁ;efe Fatand Ith experience, one can ]U e sta us o erent

visually withrgporbadtinethurmbivehenoiet Mﬂeﬁwlw Veitagothe af@bwafﬁsmeﬂs as

undifferent{2i28 @?fﬂé;]?xlegéﬁég%@ Eﬁé‘&&é&ﬁ%ﬁ gk éb’&zﬁt@waﬁ:faE RIS 88 regarded

undifferentiated is the presence of the transcription factor Oct4, which has
as the mostagHablp B A shiferentipisd siefve bR Sl T irk M eRs f dhecirst
markers 10@@&&@%&@&&1 &l wiahogipResafihe first markers lost as
undifferentiated cells begin to differentiate. BRIEF SUMMARY OF THE
INVENTION 100074a] In a first aspect, there is provided a method for
culturing hum&RBIRIFYYHE ReNOETENY BNdiHrentiated state on a
[0007a] meth)é ﬂstg%%%g%&@?sdpigﬁg%QQ%e%l?f&r c%%gmgolum% it cells in an undifferentiated

the steps of: culturing the human embryonlc stem cells

et on & g HRPHNTBEOM 6?%5%@5“%?@@@@?@5 e it et PRBR Wi G steps of
culnmadrideprateinatollage adM il onactinriemintonpnideyiirpnedi Thoaa matrix that
d|u absent. feeqfar ce}@ z}md condlt ned me(ya -the medium
comprises Bl X P roi ins coltage brofiec

sC arfj Vitroniectii 1 a medium absent
comprlsmg salts, vitantins, amlno acCl é ucoée a

feeder cells and conditioned medla, the medmm comprising salts, thamins, amino acids, glucose, a

fibroblast growth factor, and at least one member selected from gamma amino butyric acid, pipecholic
acid, lithium or activin and transforming growth factor beta, in sufficient amounts to maintain the human
stem cells in an undifferentiated state through multiple successive culture passages.

[0807b] In a second aspect, there is provided a method of culturing human stemn cells in an undifferentiated state on

a matrix without the need for feeder cells or conditioned medium, the method comprising the step of:
culturing the human embryonic stem cells on a matrix that comprises a Matrigel™ or a

matrix that comprises human matrix proteins collagen IV, fibronectin, laminin, and vitronectin in a

medium absent feeder cells and conditioned media, the mediwm comprising salts, vitamins, amino acids,

glucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithium or activin, and
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fibroblast growth factor, and at least one member selected from gamma

amino butyric acid. pipecholic acid, lithium or activin and transforming

growth factor beta, in sufficient amounts to maintain the human stem cells

in an undifferentiated state through multiple successive culture passages.

[0007b] In a second aspect, there is provided a method of culturing human
transformstengroels ifaan undiffane siifiicehstateans acmailiixtwithout iiemeeddorells in an
undiffereﬁ%%tgg _rst%%l L.%fh%%e%’ QP{Q&? sét’/%?qﬁérpeifpe %?t%‘r%%r%orgg{f%qgrt&% %%%c?nf : tion factor

culturing the human embryonic stem cells on a matrix that comprises d
Oct4 throgehhg apyltiple surReasivetPIHEDPAIASSS human matrix proteins collagen IV,

[68607c} ﬁbr%r_] ﬁpy &;J@%H&'&; tﬂgg f‘é%%@ﬁggg ﬁﬁb@zgﬁ'@%ﬁ%ﬂ@%ﬁﬁﬁaﬁ?&%ﬁ%ﬁ'&%ﬁ&%aﬂg on a matrix that

conditiongd media, the medium comprising salts, vitamins, aming acids,

comprisegyf MALEEEh i 8BS FOWTRIE g RiR A A B SESEIEY pibEIRGHe, laminin. and

vitronec@Fighd tRIUMHQTAF v said FARRIRTINGAr oA Taetar hstail shffigiettor, the
, amounts to. maintain the human stem cells in an undifferentiated state . ,
improverR FAMRLIIBRE{ GBI A HEEEIE fh EEtuRE SETSERRE Tor THE #RSE RtiBA DU
acid, piffadidic @atdltiiougi teevinLitiplessicessive cultufepabsagesy| 80T dufficient to
maintailfDFd I 8FPESIn GRS AR e &, Methetpl.qiiing hymgn srmpponic

stem cells on a matrix that comprises a MatrigelTM or a matrix that
[0667d] compriseshiuim amdraihibeisgievissdoliag e biclibtdnectiomtamigim aodwure vessel:
vitroneﬁtin and ig] a medium iﬁqluding salts, vitamins, amino acids, and a
. uman e TVOILC SIS CELES .. . :
fibroblast grownt1h factor, the Improvement comprising adding to the

mediurn atdestdsemembprEelconntifeern darmaal ammolisutyiamendirix proteins
couage,pji{g?ﬁggﬁgcﬁﬁiqmﬂmﬁygﬂcp{;igglgy{j{iln;a‘gg transforming growth factor beta in

an amount sufficient to maintain the cells in an undifferentiated state .
througlt swiilfplEeslivaesivalist thrdipassayssiTe oardy iHafs urHnasisElst, glucose, a
fibroblatD@FSwih RERMC el PR IRAGIRCRILAHIEALRM PRSNGSR GrllHbeVRSROMId, pipecholic

.. .. human embryonic stem cells; a matrix, wherein the matrix comprises a
i, TR R P TR BN BrSole Ry SRR v bumen
stem celinch vitromditirenancdastete thre:ghevilnmiethd toud prsapmdiermedmprising free of feeder

cells an&%%er‘ﬂ@ﬁa‘fﬂﬁ‘ﬁe&%&%@%&!&%ﬁ?z a fibroblast growth factor, and at

least one member selected from gamma amino butyric acid, pipecholic
[o007eRCId, lithiunfifer aptdinRrRASmResTREBING grovd actoe betepiRisyificienture vessel:

amounts to maintain the human stem cells in an undifferentiated state

B RRIRBIE S Hassages, the medium being free of feeder cells

andmeeriaving tbeenaeicpesamwfeedéﬁtdeﬂgf“ 10007 hurmanfifgAtHxs JEetens
coilag{:??{’a, h%z%%%yﬁ@?ﬂlﬁﬂim éﬂHQi&@He@Hﬂﬁ%ﬁi comprising in a culture vessel:

uman embryonic stem cells; a matrix, wherein the matrix compris&sg%ucose

N%FHWWF@%&WMQHW&%%%@Hg salts, vitamins, aming aci

fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithium or activin, and
transforming growth factor beta in sufficient amounts to maintain the human stem cells in an
undifferentiated state, wherein at least 90% of the cells in culture are positive for the transcription

factor Oct4 through multiple culture passages, the medium being free of feeder cells and never

having been exposed to feeder cells.

[60971] In a sixth aspect, there is provided a culture of human embryonic stem cells comprising undifferentiated
human stem cells, a matrix that comprises the human matrix proteins collagen IV, fibronectin, laminin, and vitronectin and a
culture medium, the culture free of feeder cells and medium exposed to feeder cells, the medium also free
of products from non-human animals, the human embryonic stem cells proliferating in an undifferentiated

state and wherein at least 90% of the cells in culture are positive for the transcription factor Oct4 through
prolonged culture.
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collagen AT, fibronectin, laminin, and vitronectin; and a culture medium,
the culture medium comprising salts, vitamins, amino acids, glucose,
fibroblast growth factor, gamma amino butyric acid, pipecholic acid, lithium
or activin, and transforming growth factor beta in sufficient amounts to
maintain the human stem cells in an undifferentiated state, wherein at
. least 90% of the cells in culture are positive for the transcription factor
[0067g]  Odlbraughaspediiphere e ipassagaRniie- maaitip e dreeyehieadarcells, the medium
COMPpTISing sﬁ%l,@i%lqg Q,ea\r/rﬁlnorgi%i\gsr] lbgoeser:] e)f'%?osbidstto (f)%%ﬁj?elg go?llgﬂ 919 ezs:lt]olxp ?‘nesrln)gct,]r selected from gamma
aspect, there is providéd a cuftire of human emcbryonlc stém cells
amino puyniprisidcpipadifibsaatibiédivm oractsterandettspdiomaiixetivatic stpribess iheufficient
amountd WNARIDA NeR ABINSCOHAGE MV m IBIARSRR, |3HRING NN EORCHIBugh multiple
and a culture medium, the culture free of feeder cells and medium
culture passagesd to feeder cells, the medium also free of products from

jpoo7n]  NORUBRBLGRUD Als SRV SRR RGRIRIRRIGH SO G ABs on a matrix thr
undiffgrentiated state and wherein at least 90% of the cells in culture are

comprises a Magrigety OF & AR ARG ANty BRI RFOSTH cAlBRAGE o RN, ggninin, and
vironefQiAg il e anseianiRcAsRRE bathe kit pro idad ade diviafapaisiisiingwih factor, the
. ngr%g%?réoemmtg%oné&ﬁxtxe@oc Iﬁ!s tg? Q%gium u%%mprisin salts, V{)tamins, 4 inecholi
TPV imo acl S, g%ucos ; a fibfo Fas?grow%ﬁ?ac o°r,_§?f8 At feast one membef Peenonc
acid, lidaluetetafionm.centhimrpsiminmd gryrithatidophsechoio asiouditlsidfivientaotivizintain the
cells uRd HR&E@EH@B%Q&&MWM l%?tﬁ:i& %ﬁﬁctﬁn&ammﬁ é%}@ira@igosmve for the
stem cellstﬁrown in the medium in an undifferentiated state through

trans et RS R F S A RIS GBS Y SR B R #RSEEERct, there is provided
[0607i]  a methestofpudiuribg RWRAALMRNMOBIE BlemGals Rmadealdiidkien cells, the medium

- mprises a MatrigelTM or a matrix that comprises human matrix protei .
com Cl {am a% cJF Xg t F ic aci

Prising s et EheuR R SN o BT FC 4, ipecholic sid
lithiuriye| ading sedtyavitarming soovitio facidshan ith adiicobinshgnowtie factorittrells grown in

the mé&ﬂﬂﬁq}{%‘%ﬁ@!&{%@@ Qtﬁ‘éé%gré%t%éyﬁ %"%‘ &'}t@@am&a %ﬂ@:@ g}@ positive for the

amino_butyric acid, pipecholic acid, lithium or activin, and transforming

transcription: eIt P A SEEPHEL M RE AYISHFRAEHERS: maintain the cells in an

[6008] undifferpriivtabstaianherRinal [BassaR% ofithe.6all5.n. GhUIHEE BFRulturing human embryonic
pasitive for the transcription factor Oct4 through multi %{; successive

stem celif Srshe R tegred BBG T R Se st Pargtensd Sty HeRg S step

of culftnitigring HunmarebrbsyR Hem eslisdalls it QO] Sitgriad} Smino acids,
vitamins iN0 agi lucose, a fibroblast.growth factor,.gam ino

E e e R S R

transfeaming lgeewih Soffickan, athouniicienh ameaint telivipteinribin st pelldinrmin

m&ﬁ%ﬁﬁﬁlﬂéﬁ%@@tﬁlﬁg@tﬁiﬁlﬂ%Eﬁi&ﬁ%ﬁﬁﬁ%%O% of the cells in culture are

positive for the transcription factor Oct4 through multiple culture
{0009 passage]g}e present disclosure is also directed to an in vitro cell culture of human

embryonic stem cells cultured in a medium including high levels of a fibroblast growth factor,
gamma amino butyric acid, pipecholic acid, lithium and transforming growth factor beta so that

the stem cells can be cultured indefinitely in an undifferentiated state without the need for

fibroblast feeder cells or conditioned medium.
[06010]

It is an aim of the present disclosure to define long term culture conditions for
human embryonic stem celis that avoid the use of or exposure to animal cells and animal

proteins, whether from feeder cells or for conditioning medium in which stem cells are cultured.
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[00081 In one embodiment, the present disclosure is summarized as a

method for culturing human embryonic stem cells without the need for

feeder cells or conditioned medium, the method including the step of

culturing the human embryonic stem cells in a medium including salts,

vitamins, amino acids, glucose, a fiproblast growth factor, gamma amino
(00 &y ric aciliSEHLERaIR it Rt SR A AT Y Y WRR YA SRS i degnan
embtyinis yitel eslisdimbanatadodefmniainirasibie mitdlm ntainingdiéarentiatedproportion

state through multi u €es. The present disclosure is
Ofcgﬁgl (ﬁ’;eecée\é fgy a{?@r%%\’/%:%égli cuiture S?falg%%gf% 3

i an embryonic stem cells
[00@Fkured irfshenaigitnFInERs aRPATEH SIS 1BE Artisrobiadpyrewl Paeeste

ARNLIRNIECAeERIRseolic acid, lithium and transforming

growth factor beta so ?Eat the stem cells can be cultured indefinitely in an
undifferentiated state without the need for fibroblast feeder cells or
conditigRexk MESTRIP (A0 OF TIESEABROIEIRWSanF dIHEISRSHINGS
ine long.term cultyre,conditions for human embryonic,ste cellsigw t
[Gﬂg’\?gﬂi the l%%% ({)?) 5?5?;{%61%%@ G anmnarcaifs Bn a‘srj?u%/%%r‘?’e&’&gﬁ% Whether below
shérong thetdbe getiponefity eithd tsding reduiathepwhichstefdtftiesiated cells in the

ﬁl!:&%%}ﬁﬂ@@%&é%ﬁﬂ%her aim of the present disclosure to define
cult

ure conditions fof human embryonic stem cells that are as defined as
[0¢Eddible white Swaeptaimmeranbicabherentaline o6 dasm v thahbe oediem with
hugSPeseR!erifan Hasiiaresniiaed Biaian KDL LHherRIms daatH 8@ acid
advantages of the present disclosure will become apparent from the
f@&%&ﬁ%ﬁ%ﬁ‘é@ﬁ%ﬁ‘ﬂ%‘ﬁ: BRIEF DESCRIPTION OF TBE SEVERAL VIEWS
[0GEST HE DRAW iN&daiocel présentdiiprasihiue dadoriiigihekjpbrisvensdbndifferentiated
ceﬂgsc&t&% t@%spc%g@% tian below showing that the components of the
medium reduce the proporiion of differentiated cells in the culture of
[080thhN ES Ballé Hrownphical [Gpoxe)tEipnbreteshevdng dphikbg medium described
ndteeaetnnmkdata-aerinethal theyredium with human matrix proteins
results in cultured human ES cells which do not exhibit a sialic acid
residue of non-human origin. [00015] Fig. 3 is a graphical presentation of
data showing thebEpwevEDIPBRCiRrETNEE TElSINVEBITIgRaNn stem
ulture 016] Fig. 4 is a graphical representation, of data showing.
G he metai e A R P R e
indigfiptesulture and robust proliferation of human embryonic stem cells in an undifferentiated

state and also in the absence of both feeder celis and conditioned medium, The development of
these media and culture conditions make possible the derivation and maintenance of human ES
cell lines in defined and controlled conditions without direct or indirect exposure to animal cells
of any kind. These media have been demonstrated to support undifferentiated ES cell
proliferation through mulitiple passages, at least five, which is firm evidence that these media will
support such cultures indefinitely. _

{00018] A defined and humanized medium for the culture and proliferation of human ES
cells typically includes salts, vitamins, a source of glucose, minerals and amino acids. To
supplement the medinm and supply conditions to support cell growth, initially stem cell media
included serum from one source or another. Also previously, it has been reported that the
addition of fbroblast growth factor plus a serum replacement additive will permit the culiivation
of human ES cells without serum. The serum replacement can be a commercially available

product sold for that purpose or can be a formulated mixture of protein, such as serum albwrin,
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DET DESCRIPTION OF THE INVENTION [00017] We have identified
multiple culture conditions and media which permit the indefinite culture
and robust proliferation of human embryonic stem cells in an
Wwitlfferelstieted state and also in the absence of both feederCBiliS2AMII031838
conditioned medium. The development of these media and culture

vit cond_été Qs mak o&smk% thed r|v égrrlm an st nten(anc% of humaﬂngu 2 substitute
cellines Hagtted 5ha IIe%nc dntlons without dlrect orindirec ’

Thisexps mvelageamnaimpﬁsel@ﬁam%n@emmwﬁméeb@ém It is preferred
here4BEQ ﬁéﬁ@é@ oS Hadiferspiiated For callprelieralan oA thing
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100020} Our initial subjective screens of these individual growth factors, chosen because
of the receptors expressed by human ES cells, identified several factors as having positive effects
on undifferentiated proliferation. Of these, bFGF, LiCl, y-aminobutyric acid (GABA), pipecholic
acid, and TGFp were ultimately included in TeSR1. For each of the four cell lines fested, the
proliferation rate and the percentage of cells maintaining expression of characteristic human ES
cell markers were higher in TeSRi than in control cells cultured in fibroblast-conditioned
medium, and removal of any one of these five factors decreased culture performance. Some of
these data are illustrated in Fig. 1, which shows that cultures grown in media with any one of
these constituents omitted exhibited a lesser percentage of cells which remained undifferentiated

as compared to cultures with all four of these medinum constituents included. Note that Oct4,
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beta (TGFB), will enable a medium to support undifferentiated stem cell
growth. The combination of these additives has been found to be
sufficient to maintain the culture of human ES cells in an undifferentiated
BaIMEETIATely without exposure to either feeder cells or dSAdHBHER31838
media. These additives are demonstrably sufficient. However, all of them

b . . :
SSB%E%U s ADF REGESS %ﬁft fl‘% £¥6 r&@%ﬁ%&iﬂ&%@é‘lﬁ&%@m@ éﬁl@&rfffl?o% factors
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tsr‘é‘é%f le form to
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creabed Boamofdhakous call fines testednthengrolife fatifl calicraitat¢hén our hands a

matBEIHHNAGS AlCdR AN U FA aSSIoR Of IAAGS IR P Bk That o
cell markers werenhlg erinfTe than in coritrol cells cultured in”
hunfiroislzistiogadid orreble Prsdiofs, comebresrioy ar Sicinyrenaefksdigecollagen 1V,

fibrSRELRES ARGFRASAH CHIBAERIRRIANRARCE D QTR g%%%&@ﬁ@rﬁéﬁ Hystiated
in F{%{YL which shows that cultures %rown in media with any one of these
S

indefpiitvin s orifertisisbifaly ek Berms Bt of cells which remained

[ooogn]ifferentatethsas Dentpatcidkial culidites aditiats ol et thhsenntipellival testing of
ents,include

constitu . Not Oct4, - 0.,2006/02919
ovep QSR AR R QS o Y RN e g enst e o
passagdade sweridne etarvsbriptiontacks selloiot 4y ke mame faded instrbrekipe

pasSifGrentiation SRty Qb alem.als: fitAillatrales WeNiRr: Wialadniaveh diner
was demonstrated that over multiple passages the growth rate of the
comRiRRHERS QIARCHSC B AhEH B HESH B dHETBAE AN e e

exafipiler adpadianis [996Rb]skyishalssnbeipiuktednaitdejnthesoitrariation. For
R R bR A o i
thenademenvthensbmatrcss ofduspatbiiorigieh esrvetvis suppledestuted as
equg%g:%}ﬁ éﬂ%ﬁg%vg%?HSG&%i@qH%QﬁJ% ARGl LNAGHRLPS BB pose.
Similarly, the GABA is believed to interact with the GABA receptor, and the scientific literature
includes the identification of several molecules which are agonists of that same receptor and
might be substituted for GABA. in the medium as an equivalent. It is also believed that PA also
interacts with the GABA receptor. While both PA and GABA were found to be helpful in the
medium at the concentrations used here, it is also envisioned that one or the other of these
constituents could be dramatically increased in concentration to obviate the need for the other.
[600623] The fibroblast growth factor in higher concentrations (40 to 100 ng/ml) seems to
obviated the need for feeder cells. The preferred FGF is basic FGF, also referred to as bFGF and
FGF2, but other FGFs including at least FGF4, FGF9, FGF17 and FGF18 will suffice for this

purpose as well. Other FGFs may also work, even if at higher concentrations.
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serve a similar purpose is fibronectin, a human glycoprotein which is used
in its insoluble form to create a fiber matrix also to serve as a basement
membrane for ES cell culture. In our hands a matrix of fibronectin alone
wagwersufficient. However, it has also now been found thaP&TR3RG8$031838
matrix material can be made of a combination of the human matrix

teins collagen IV f| ectin, laminin,.an dthsmatrlx
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pathway. Wnts themselves or other stimulators of this pathway such as
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entration '|1§10 obvjate Eh eed for the other. [00023] The fibroblast
for %fﬁ&ﬁf?&%’%? ers%rb %J;nfratlons (40 to 100 ng/ml) seems to
[eoatsyiated tﬁeliaeéﬁﬂmnafémjhms@$ HAg P eledrBd4@lk sabasitiF@iEsralgbrobustly
in ﬂ%ﬁ%ﬁr%‘% {q 25 D Glaqn ol JLARGY PEE minding alleas e%%m

9, FGF17 and FGF18 will suffice for this % rpose as well.”Oth
nﬁrepé AR selrinetdn st HW&?&% aibiRsS @%?epassages Teratoma
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comt %gle% @%‘6511 %a?%ﬂgﬁgcﬂhe %WQNQS%CMM&QHQB@A animal product

erentlatlo of the ES célls However whatever effect
from the TeSR1 culiure condiiions for human ES cells, we tested whether Neu5Gc was

eliminated from existing human ES cell lines during culture in this medium. We confirmed the
presence of NeuSGe on human ES cells cultured in fibroblast conditioned mediom, detected a
reduced but detectable amount on cells cultured in TeSR1 on Matrigel, and could not detect any
Neu5Ge on ES cells cultured in TeSR1 using the four human matrix components. These data are
iltustrated in Fig, 2. Thus human ES cells culiured on TeSR1 and on a matrix of human proteins
do not exhibit the non-human sialic acid residues found in cells cultured on murine feeder cells.
[60029] To test the conditions of the ES cell colonies and the suitability of the culture for
the long term maintenance of human ES cell cultures, the TeSR1 medium was compared to the
best prior medium condition, which in ours hands is the use of conditioned medium. It was

found that the TeSR1 medium was capable of maintaining the human ES cells in such an
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that is mediated by the fibroblast feeder cells to the medium, it is now

clear that the medium described below will substitute for that effect. The
three media defined below are defined, contain no animal cells, and
WertefHE fng term culture of undifferentiated human ES c&fJPSae5/031838
undifferentiated state. An example is also presented of a medium in which
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WO 2006/029197 PCTfUS2005/031838 undifferentiated state that over
90% of the cells continued to test positive for Oct 4 even after long term
culture. The results of this test are presented in the graph of Fig. 3. This
YeprayweRtdthe first instance known in which any feeder fre@@hg52005/031838
conditioned medium free medium has maintained a level of

T A%rgiqfere@(i)?égge ‘%@%‘“%%H%%ﬁ%fﬂ& he extent that over 90% of

e cellsin Culture remain un rentiated at all stages. [00030] The
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CaldRRASHEERdT ALgpRdugyedium and ip eHR medignframevhich each the  ¢,1392
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MagiSSE ﬁ.ﬁ%ge Q(I)efﬁ%s% R iatich bﬁ—ﬁs;faé%’cs\,%ﬁg 0.1392

and sampling fimes 'were repe en possible,
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transcription factor Oct4. This data is presented ﬁr:%?hica_lly in Fig. 1.
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y 2 dehieved by using all of these components. Similar results

welghRinedidmh other cells lines®G$SadiR [00081Mhe pluripotency of 0.296

human ES cell lines maintained in TeSR1 mediumeyasigsige grls of
newly initiated cell lines WAO1 and WAQ9, cultured in TeSRI Medium on
% X for 11 and 20 passages, respectivel§#&Hcinjected into 0-326144

r

0.1176

FerdNBrieigemoeleratmmas exhilmtongsawplex diffestatiation developexs3584

e R o S S o1

CupNiGREANIGSSRLSEBE®IM AMINO ACIDSERE Chtdilathichioeide 0.090944
Zind/SRYETOMS =87%I?2%>8‘T'A'a”i“e 0.13920EBES 11.FRchArdinine 0.16856
hydrochloride 0.5488 Magnesium chloride (Anhydrous) 0.2352
Ammordparsigepate, REagnesttiftEaftate (%1‘&)@&‘5’0.319088 0.2176
MahghpatigReida. $3821Rptassium abossERKE 1) 36id4 0.296
Ammc e ik 20 0.0784 1.00404E-05 L-Threonine 0.352016
NiSO4 6H20 4.94861E-06 L-Tryptophan 0.0346528
Sodiuvm Meta Silicate Na28i03 9H20 0.004926108 L-Tyrosine ZNa 2H20 0.167776
SnCl2 5.32544B-06 L-Valine 0.354368
CdCl12 6.21931E-05
CrCl13 9.41176E-06 VITAMINS
AgNo3 | 5.00293E-06 Ascorbic acid 0.375
AICI3 6H20 2.4855E-05 Biotin 1.12112E-05
Ba (C2H302)2 4.99217E-05 Choline chloride 0.0502544
CoCl12 6320 5.0021E-05 D-Calcium pantothenate 0.0036064
GeO2 2.5337BE-05 Folic acid 0.004704
KBr 5.04202E-06 i-Inositol 0.05488
K1 5.12048E-06 Niacinamide 0.012936
NaF 0.000500119 Pyridoxine hydrochloride 0.0076048
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Sodium bicarbonate (NaHCO3) 11.2112 L-Cystine 2HCI 0.0784 Sodium

chloride (NaCi) 94.55824 L-Glutamic acid 0.1392 Sodium phosphate,

dibas (Anhydrous) 0.392 L-Glutamine 2.96 Sodium phosphate, mono.

WRHEPRYEA20) 0.355152 Glycine 0.296 L-Histidine-110-HPOI)$20p6/031838

TRACE MINERALS L-Isoleucine 0.326144 Ferric Nitrate

Fe(N03)3-9H20) 0.00009408 L-Leug} ic sulfate
RbCgFeSO4-7H20) 0.001176 L-Lysine?%%g%%%gfj%% gl‘; 16 Cupric sulf(z!itﬂé0 04704
ZrOQBUEBU5H20) 4.0768E-06 L-MetRiBHiAdE I oBaiamg kulifehdoride 0.02460217

(ZnS0O4-7H20) 0.001176 L-Phenylalanine 0.168&6Ammonium 0.000392

Metavanadate NH4VO3 0.000056 L-Proline 0.2176 Mangenous Sulfate
CROQMIEFG28%500592E-05 L-Serine 0.296 Ammonium Molybdate
GAHAOO0404E-05 L-Threonine 0.352016.958S04 61 120EROGABSUBXIRATES

. L-Tryptophan 0.0346528 Sodium ilicate Si03 9H20
Pipeé’ﬁ&é‘fﬁos L-Tyrosine 2Na 2H2(¥!§.61%g% 76 s%l"ﬁ‘éc%?ﬁzsmaoe 13.72784
bFGE-Valine 0.354368 CdC12 6.2193 P05 ®rC13 Sodp7 8E08N/ I TAMINS 0.392
1icAg No3 5.00293E-06 Ascorbic acich@ay5 AIC13 61120 2.4855E-05

Biotin 1.12112E-05 Ba (C2H302)2 4.99217E-05 Choline chloride
TGHPeBd2544 CoC12 6H20 5.0021E-835-B&ciunt BEHBINEnate 0.0036064
Ge02 2.5337E-05 Folic acid 0.004704 KBr 5.04R0REnQ6silhositol  0.0034438

Lm%gmss KI 5.12048E-06 Niacinamide 0.012936,.NaF %g%%r%gs 19 14
Vridoxine hydrochloride 0.0076048 -9 WO 2006/0201 , '

Lindh@TAdE82005/031838 RbC1 5.00494870%7Ribofliwien Saoaz8bumi@C12 199.7
Lip(ﬁygg@.03834E-05 Thiamine hydrogllprdesd. 02460217

Arachidonic Acid 0.001312 OTHER COMPONENTS
Cholesterol 0.0113798 Glutathione (reduced) 0.00592996
DI.<alpha tocopherol-acetate 0.02962 Hypoxanthine Na 0.01176
Linolenic Acid 0.007184 Phenol red 0.0159936
Myristic Acid 0.008758 Putrescine-2HC] 0.000394352
Oleic Acid - 0.00708 Thymidine 0.001176
Palmitoleic Acid | 0.007862 2-mercaptocthanol 0.1
Stearic Acid 0.00703 Seleninm 0.0006177304
Pluronic F-68 0.238
Tween 80 0.3358
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Vitamin B12 0.000392 GROWTH FACTORS GABA 0.979 ENERGY
SUBSTRATES Pipecholic Acid 0.000984 D-Glucose 13.72784 bFGF
5.80E-06 Sodium Pyruvate 0.392 LiCl 0.979 TGF beta 1 2.35E-08
PROTEINS Human Insulin O (igﬁ4438 LIPIDS Human Holo-Transferrin
0.14 Linoleic Acid 0.007097% A M%n Serum Albumin 199.7 Lipoic Acid
0.00039984 Arachidoruc Acid 0.001312 OTHER COMPONENTS
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feeder pybithind fomelivnrihanpdipabe ensdyorierapasingetidtin dimindifferentiatdsl glucose, a

fibrobl {3t FaBRatkthest the nraddotdeaderosllsAncoastiongE mediuMysecholic
he method.comprising the step of: cultgjring_the uman embryonic stein

oid. WG Gl Wi st CBMFISES  MEGior b AR AP B HphaRg! the human
stemn ceHemamumiffexeprioteirscoiageh tvy fiticonestinivaminire, jadadtronectin in

a medium absent feeder cells and conditioned media, the medium

comprising salts, vitamins, amino acids, glucose, a fibroblast growth

factor, dfid aetbakrbaimdmiisreseibetedditomngldanthafind butyricticfastor in a

concenPHREEROlCIAGIdo lithiym or activin and transforming growth factor beta, in
sufficient amounts to maintain the human stein cells in an undifferentiated

state through multiple successive culture passages.

-

3. The method of claim | wherein the medium also comprises a transferrin or a transferrin

substitite and insulin or an insulin substitute.

4. A method of culturing human stem celis in an undifferentiated state on a matrix without

the need for feeder cells or conditioned medium, the method comprising the step of:
culturing the hurnan embryonic stem cells on a matrix that comprises a Matrigel™ or a
matrix that comprises human matrix proteins collagen IV, fibronectin, laminin, and vitronectin in a
medium absent feeder ceils and conditioned media, the medium comprising salis, vitamins, amino acids,
glucose, a fibrobiast growth factor, gamma amino butyric acid, pipecholic acid, lithium or activin, and
fransforming growth factor beta, in sufficient amounts to maintain the human stem cells in an
undifferentiated state wherein at least 90% of the cells in culture are positive for the transcription factor

Octd through the multiple successive culture passages.



2. The method of claim 1 wherein the medium includes the fibroblast

growth factor in a concentration of at least 40 ng/ml. 3. The method of

claim 1 wherein the medium also comprises a transferrin or a transferrin
substitute and insulin or an insulin substitute. 4. A method of culturing

human stem cells in an undifferentiated state on a matrix without the

need for feeder cells or conditioned medium, the method comprising the

step of culturing the human embryonic stem cells on a matrix that

chmpriges: aviasage R R malibn thabcomprises uNan Matixpmietsprises a

varige7013050 Ny forenectn, laminin, and vitroneetn in 4, M absent, iy
eeder’céfls and conditioned media, the medium comprising salts,
vitronegfigamiihg) amigfouacidsivdngcode, difibiobkstgrevidh fadteriiabirazeanihdactor, the
improvOHIHTICAGIGRIRBEAGHS AEichelini T RERGHY IReABE {LRBRIPIING AW hino butyric
" factor.beta, in sufficient ,qmounts to maintain the hfuman stemcellsinan __ .

acid, pigREh Pt &Hatid Gtate WHAPe IR ST B B R SIS R R R fRegpamt sufficient to
maintaipdisitreBsforahentidiasoriptdnfactbroQiid s givtbeimuitiple suseessive

culture passages. 11 5. In a method of culturing human embryonic stem

cells on a matrix that comprises a MatrigelTM or a matrix that comprises

Human f¥atfix Brétefit CONaFerrIVIHBREnBctih, JHRINES/d vitronectin

and in anmedisninaludirg: salts, vitamins, amino acids, and a fibroblast

growth factor, the. im r(%vemen.t comprisin %id%'n Emhe rpetiium at least .

a_malrlx, whereln, the matre comprises afrigel . or. the human matrix proteins

one mefnBér Seledttd’from gamma amino butyric “acid, PipEchonc acid-
collagehithiufrrronattivimm andatransforenimgagrowth factor beta in an amount

sufficient tq maingain the cellls in ag.undifferentiateg state throulgih mul(!iisplq

4, cuiture medium, the culiur CAIUIN COMPTISINgG Sails. VILamins,, aiming acids, ghicose, a

successive culture passages. 6. An in vitro cell cufture comprisingina " _
fibroblas ety dagen: sndimiderenmbryritbetenireelisTarsanming where e wadriripecholic
acid, HGAMRHSREEMatHge M-It RuMmaRMAtIXatRIRg: SalademMaintain the haman

stom Cef]l ronectin Aaemlnln gnd Vit one(I:tln an]d a culture mediym, th cul%[)%%tﬁee of foeder

el A B FUTAG S S, TOTPARNAL RIS 18 R o RTcoBs "W HitsPo
cells angrowth factgrpandavied st drndanaethber selected from gamma amino
butyric acid, pipecholic acid, lithium or activin and transforming growth
factor beta in sufficient amounts to maintain the human stem cells in an
uhdifferérititedistate taiB\Ge i miaifpfe dareidhs aushiye sotripae it Aproblast growth
factor inQibghitae Abfeeder-aelis apehnever having been exposed to feeder cells.
' 7. A cell culture as claimed in claim 6 wherein the medium comprises the
fibroblast growth factor in a concentration of at least 40 nglml.

11a



lla 8. A cell culture as claimed in claim 6 wherein the medium comprises
the fibroblast growth factor in a concentration of at least 100 ng/ml. 9. A
cell culture as claimed in claim 6 wherein the medium further comprises
proteins selected from albumin, insulin or an insulin substitute and a

tgansfeyigPradransiaring wWhsiittie. JibrAncoll aeliES aspAlBlerk NtEHBIR: growth

. 9 wherein the insulin an% tr%errin are recombinant proteins. 11. An in
factor ix & CONCEHTEANRNR BbIFRSHEIR ™ culture vessel: human embryonic stem

cells; a matrix, wherein the matrix comprises a MatrigelT"" or the human
atrix proteing. collagea I fiRionect, Amipin . AAd MUAReCI AR Broreins
culture medium, the culture medium comprising salts, vitamins, amino
selectechippas alljloiasiasulip o BIRBE YD SPFIEECoT LR ARFCHIN PTG Dby e icgpstitute.
pipecholic acid, lithium or activin, and transforming growth factor beta in
sufficient amounts to maintain the human stem cells in an_ undifferentiated
sthte, wherdirraisagt simet theadm i cURerdnafd pBEHivedt frasferrin are
recomtiFanseripdian factor Oct4 through multiple culture passages, the medium
being free of feeder cells and never having been exposed to feeder cells.
12. A culture of human embryonic stem cells comprising undifferentiated
hilman $tein\dedselicpiaryisothpiiteip i Sesrisedseaan matrix proteins

collagen¥afiBrBRReatNaming, and vitronectin and a culture medium,
the culture free of feeder cells and medjum exposed t@ feeder cells, the

mediun 285 fre& G BRSO RBRS M alsPtHEen g matrix proteins
embiagenl¥ dienmeslts anoliferatihgitorantnahifferentiated state and wherein

at least ag g&f?u?é H;E%iﬁﬁustﬂg &HM %@tﬁﬁtﬂoﬁml\fﬁi;ﬂ%{&?@! @%ﬂgfigﬁi%cﬁ&rds, glucose,

Oct4 through prolonged culture. 13. A culture of human embryonic stem
cARsoRlet| STATEN FAEPRiFPTI AR Kefisi G oPiRSEhakhiRtith HRidhcoa e vin, and
residderivNay o6l 2adér PethadvumidenCalibiing umanAmbeyRRitstRem cells in an
C%'A%é 02 medium comprising saltsy, Vitaming, aming acids. AUCOSE: fe ranseription
fibroblast growﬁ1 ﬁictor, and at least one member selected Trom gamma P

arfainer Bstgribrendtl pieeholicuschassieturhomadivinbaing fransfoiaspigeelis and never

griewit fiacianbsiain suficieni amounts to maintain stem cells grown in
the medium in an undifferentiated state through multiple culture

passages.
12. A culture of human embryonic stem cells comprising undifferentiated human stem cells,

a matrix that comprises the human matrix proteins collagen IV, fibronectin, laminin, and vitronectin and a
culture medium, the culture free of feeder cells and medium exposed to feeder cells, the medium also free
of products from non-human animals, the human embryonic stem cells proliferating in an undifferentiated
state and wherein at least 90% of the cells in culture are positive for the transcriptior factor Oct4 through

protonged cuiture.

13. A culture of human embryonic stem cells as claimed in claim 12 wherein the cells do not

exhibit the sialic acid residue Neu5Ge.
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15. The medium of claim 14, wherein the medium further comprises
proteins selected from albumin, insulin and transferrin. 16. The medium of
claim 14, wherein the medium is free of products from non-human
animals. 17. In a method of culturing human embryonic stem cells on a
matrix that comprises a MatrigelTM or a matrix that comprises human
matrix proteins collagen IV, fibronectin, laminin, and vitronectin and in a
e AN Sel RIS, TR S And.a foreplast ot
factor, the Improvement comprising a e medlum an amou
vitamingafiia @Hﬁmelmlé Té*@]@bl@ﬁfp@@W@héﬁ%}cﬂrﬂdhmmmmmnvmbeamdlected from gamma
amino H@DSIOLEMNG; GLawih {8atafbeia ip ARamAUntSNEICIERE IRMRIMAIR 18 in sufficient

cells in an undiffereptiated state, wherein at least 90% of the cells in
amounis, g P Hh STV YorIRE " ArSE BRI FaltoP O HRFRIGHF ftiftipIhroueh multiple
culturequesmassive culture passages. 18. A medium for culturing human

embryonic stem cells, the medium comprising salts, vitamins, amino

acids, glucose, a fibroblast growth factor, gamma amino butyric acid,

ﬂ@echoﬁbederdhummww éﬁetwlwramftﬁaﬁgdsﬁmﬁ@f@%&%ﬁﬁa@ﬁww@@asmeleowd from

albumisUffigientameMEtste. maintain cells grown in the medium in an :

undifferentiated state wherein at least 90% of the cells in culture are

positive for the transcription factor Oct4 through multiple culture

pissagedelBalium of claim 14, wherein the medium is free of products from non-human

h
1tn8f151n0 salts,

animals.

17. In a method of culturing human embryonic stem cells on a matrix that comprises a
Matrigel™ or a matrix that comprises human matrix proteins collagen IV, fibronectin, laminin, and
vitronectin and in a medium including salts, vitamins, amino acids, and a fibroblast growth factor, the
umprovement comprising adding to the medium an amount of gamma amino butyric acid, pipecholic
acid, Lithium or activin, and transforming growth factor beta in an amount sufficient to maintain the
cells in an undifferentiated state, wherein at least 90% of the cells in culture are positive for the

transcription factor Oct4 through muliiple successive culture passages.

18. A medium for culturing human embryonic stem cells, the medium comprising salts,
vitamins, amino acids, ghucose, a fibroblast growth factor, gamma amino butyric acid, pipecholic acid.
flithium or activin and transforming growth factor beta in sufficient amounts to maintain cells grown in
the medium in an undifferentiated state wherein at least 90% of the cells in culture are positive for the

transcription factor Oct4 through multiple culture passages.



