FEEDER INDEPENDENT EXTENDED CULTURE OF EMBRYONIC STEM CELLS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims priority from U.S.
provisional pawatZapplitatdn Ser. No. 60/573,545 filed May 21, 2004. STATEMENGLREGARPING
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002]To be determined.

BACKGRO% THE INVE [ @fm cells are defined as cells that are capable of a
differentiation mgc?ér:%{alrﬁ/ﬁol?ﬁ |Ee§ell|\1%gt%% 8&1‘%%&@3@@5@@?@% @%Islﬁom
embryos which are capable of differentiation into most, if not all, of the differentiated cell types of a
mature body. Stem cells a r , ﬂ] iRote é}ﬁb describes this capability of differentiating
into many cell types. A cat?&srg%%%%‘ t#%?ﬁé]%%#v fM@é&%Misearch community is
the humai{0éfitjryonic sikds epjiliediive diaied peceifstinS OS] piied deanaeylicasteaseell derived
from a h“ﬁg%@f?%@{y?ﬁf%ﬁ%‘ﬁ _%q@@fmbwomc stem cells are of great scientific interest because
€0 iferati

they are capa ndefinite pr in culture and are thus capable, at least in principle, of
supplying cells and tissues for replacement of failing or defective human tissue. The existence in

culture of humanseﬂ' &% ﬁt %Eﬁ? lfgsgﬁ %gggg h nlimited amounts of human cells and
tissues for use ina vgillge y 0 %Eé% c{é? &g s% %?M AFSEAREH @Bned in the
future human embryonic stem cells will be piblifeElie®RENIrected to differentiate into specific
Imeagesp?eal???i)o develqg |ff§ﬁr%tﬁ|%£% cells or tissues which can be transplanted into human bodies

for thera urposes.’| b most significant features of human embryonic stem cells is the
attribute of being capable of self-renewal. By that, it is meant that the hES cells are capable of

proliferating into multiple progeny ic| to have the full potential of its
' "ancestor cell. In other words, the %gg@%@m%%“ i I@Igevelopmental_ and proliferative
capacity ¢p@e8]parentaStedh. celilis attdetitesdomebiRatiaviie b Mwippiadighranadhediatis thial make
hES cells gggrgég&l%gnfg{tgaan 1%%;‘9”“%' Ses, singee, t%%tsheory, hES cells can be reproduced
indefinitely and m 1arge numbers and THUHESHTD BRI cehisciomn smynsiicBaRs. The
attribute chpithlieyotodifhirentiation ipearmsipifalytiked the WRRH0H(4 34AREE 492005/017931 the

attribute of heing.undifferentiated in.the sense that at least given present knowledge, only
undiﬁere‘rgl’ﬁg?éd%%g e Fs%?e"egg’bfg%e" SF RS LK g’ﬁﬁﬁﬁﬁ% thisrmabilitnetcells differentiate,
the attribdifefestliting évahcapabiilyypdasi Sitaphrstahepbrmiesenn elisniksaesisnanusly
differenti%eS 'gracag must be taken in culture cgonditions to mgintain the cells in an undifferentiated state.

[0005]Basid Tachnionma Y 15 e Tman enRry e Riem el o ARbuseigicd hersoahRa selbrutueasin an
undifferentiambstaticister beibdetiond hes Thensingjesiniguas dpTwoHn Bubisrs-aiedimitations
and drawé:)ee]\fkgrto ome, of Ikégiﬁroc%dura currenggvﬁ used to culture human embryonic stem cells. One

gat seicitio ENPSHAYSA L AEHReRIsics Riia prlifEadondan, to one

limitation IS Of pgr?lc arc

degree oruitathendenp dsesicdiaiskly 40]sastBepeiitspds, OfUPpHIHP (B g tRausagells have been
cultured preyiously.. T iginal techniques for the generation and culture of human embryonic stem
cells desgr i{"élcol'3 fﬁgnﬁg%%)a?{ﬁ?%ﬁeé%gﬁﬁfﬂﬂﬂ@ﬁ (heexisienes mequlgeeqbbi@atayer on which
human essbbypmidcsiem cells cffutel the puttmted of helflaipblasideedesriRyaiacdsnihuaeas:as yet
incompleﬁ%y.underst od echaniﬁrg to engble the,steﬂ cells to remain in an undifferentiated state.

Later, it wag diScoverad that tARSE, BIBH)&? RATSE bridihe dinsrrcisinnedis Rere exposed
to “condifiemes!meviadnbomdiiseedcairdiils poliaampiadieniha semralauiviggedium

which had previqusly been cultured qn feeder cells such as MEF. Either the feeder cells impart some
factor to %ﬁgcr‘?{e@ﬂ#% S ERAVQ g%ﬁ‘?i%gfgeff’&#ﬁﬁ% GRLHRTHsMee thbirbseAn bartmngnastainioned
medium hambehmﬁdstﬁmumr@mﬁmﬁ&ﬁagygthout differentiation. Either culture condition, the direct

growth ogbiﬁf er Cells’ﬁ%gﬁ?tg% use of condition media, raises the concern that one or mo_re‘a}gents_ such
as a viru$ coul transm Iﬂ?étrf‘@%%céﬂﬁ?ﬁ;‘ﬁ?é Al R slapenicoiens pells siferatiabuse human

embryonaf bising ceabléoRseis fenstealc g shas WRIG sankiiaiehs Re iansriani6R o a human
body, it Isﬁ%ﬁfﬁ% esiraple that the stem cells never have been exposed to cells of another species or

to media B AGSIGIresrhvStme e st iphick seomsgothaviedbe foll rateritadells of

any specistsemesents«h hnoddedecbbilagiopromigtie tHs cais e ol stemealiibatisast avoided
if possible. Accardingly, defining a_culture conditign, which will permit the proliferation and culture of

human emBrySHICLTEyT C2Ra & FEFOURLSeib chBis i AEP Ul CRmtined Stk iba Sl FRIRRSY.is of
great intereshonthitsthatiniakd HESemantifates iy ahas Prideikse:e8, panusmhyAnigstem cells.

cells can be reproduced indefinitely and in large numbers and then induced to become any

cell type in the human body. The attribute of ability to self-renew appears closely linked to

.
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[00061Several medium formulations will permit human ES cells to remain undifferentiated for some
time, but that state often fails to maintain itself over long term culture In particular, we define a
passage as the@eoostiafisuman ES cells from an initial seed culture in a cdlfcF&pra#E 7 4pdbwth to
cell confluence in the same culture plate as a "passage.” We have found several medium formulations

that permit the cultivation of human ES. cells far one or two pass | ifferentiation, but
then the @é‘f@@ﬁé‘@ﬁgg’t@f&&ﬂ 'ﬁﬁfgﬁf)‘#&@%ﬁ&ﬁﬁé%%qﬁgﬁgﬁ%ﬁﬁ@%ﬁﬁeggﬁﬁﬁelieve
that in orggrigeRATRHENED delly supaibitef indefinite getfifenavighantiaaseen BSteersigithout

differentiation, without feeder cells or feeder condit d . medium,.t j onstrated
to supporldiEtTeREAEHOfH gt%gﬁge}f%?%%%ﬁgﬁéﬁ@ A oﬁr)rsr#‘ﬁ%%iﬁggé%lggﬁg }ls}t&;?g %? at least
five passages «BRIEEnBHAMARIHEErTHE, Bt muE Gatoaininlaksonditons wareinaindiried a
method for culturing human embryonic stem cells in a feeder independent culture, the method
comprisiﬁ&%ﬁé%?@%#é&?fﬁﬂ“@t‘? &8 Gman embryonic stem cells in a medium including salts, vitamins,

amino acigaosjucose, afisiotlaatiguewth daetornadddtbonbumenpholeeitsroterlaiRagonist in

sufficient amount to majntain the stem cells | differenti stafe s@ﬂﬁ?ﬁ;
morphogé‘i’f’éﬂﬁaﬁ‘rm@i %%&E&i@gﬁ%@%ﬁ%&nﬁuﬁ%‘éﬁ? if %r%én%%?? chor ﬁag{%ﬁgt%%n twisl%eesd
gastrulatigp wregrber shef thecDiitdeonityand drantegtsist sonibodibs spwedieres eupsntvsadHBgenetic

protein. [0007a]Disclosed js a method foy, culturing human.e I i eed for
feeder cefSIBIE SHIAB FRPRYEME 15} & kiéa?t]l@ #%gﬁ']nog m%{gﬁfg%tg%%f%%#%gﬁg human

embryoniggsiam aatisyoricediwellitiakstingedaits, totantidsgen orrnetber, grressd, dragaRist growth
factor and a bone morphogenetic protein antagonist.in suffii ipRInfag stem cells in

an undiffé@hﬁﬁt‘é%rlgﬁ’?&’ %?%?Bﬁgﬁnaws ((?blr?égéss?pceecll@ ﬁw%qéécﬁ%%rowged ﬁeﬁ%ﬁ?cell culture for use _
in a methgd ghaabatainjngs detishie gmeratiiierad tatemestd leoumprding ricsscanardls dexatbatman
embryonic stem cells and a culture medi ltpire i ISi aiSagMino
acids, glufsBss 'EPSBF‘?S?}BCPW?%%? a%%l@%ge rﬁ%%%%%%ﬁ?ﬁﬁegﬁr ?%?a% antagonist in
sufficient amistyohie sainsalls tr R emontiised sPhe fiifhdiantifoederdetaaniedhernsb osesas i
medium being free of feeder cells and never having been SmiheRipihedone

' morphogéﬂ%‘??&%i%?i}’n“% Eﬂﬁﬁé&nﬁ tl%,e aé}egrﬁ@% gﬁgﬁﬁ?%ﬁ%%%%?%%ed gastrulation,
members @j#herRAl femilydiash seatphaishastinegikensprgifio codbbnachiovpd sGdeatemrsilsn.
[0008]Also disclosed is an, in vitro cell culturg qf human embryani ed g, ium
including &’ﬁ&f@‘ﬂ?ﬁ?ﬂ%g@ﬂ’éﬁ@ﬁ?ﬁ eéﬁtag%‘n?g r@%‘ﬁ?&&%@%ﬁ%&ﬁggﬁ%%%g It%}gé@iré_{c%gnitely in
an undiffesentiaieg statehivithetidhaabadviabhrbbtastitetst aefedrrastiiserieas e Figogalin

a third aspect there is _provided a megdiym for.culturing emhbryoni i jagdependent
culture, th&$TEeRTRPE ﬁfﬁ?&qﬂgs%?faﬁ%%r{rﬂ%e ?ﬁéﬁ%%&%%ﬁ%o%@a@%%&g %ggg\;ﬁv{tﬁ and a bone
morphogeangtiadreiginiadiagmrisbinisidficientdimuwantberuaedtircsions sishs epdswiithotie medium an
undifferentiated state withqut expgsure to feedey, cells or mediym e, f Is¢ Wherein the
bone morﬂ%@@@ﬁgﬁt}%%ﬁl%‘é,E'r?ﬁ&%d‘é%?gc%‘a 4“%{ Sutl b ég?éle I, G s

0 (o) t%ggln, gremlin, chofdin, follistatin, twisted
gastrulatiqramasibersdaf, thesByshefesmiyranbhnateganisiraragootsieachpsdifidng sBbh&ansiihogenetic

. protein. [0009]lt is an object. of the present. disclasure to defipe | [t or human
embryoni@@@r@&éﬂ?‘fﬁ%ﬁﬁ@%m Fﬁgqﬂ'gga& e“ffgrsbeﬁs? nﬁ}%ﬁj%‘ﬁfé‘%%’t@% I?%@%&cﬁi and
culture in feagdesennditinndd wesimatiieelalids enptiitmatytiofrinsphratsdrinthscisanes kodsfine

culture qoadiglgingﬂ)? rckisirabk‘, that the stem cells never have been exposed to cells of another species o1

to media which have been used to culture cells of another species. Also, the need for feeder

cells of any species represents an unneeded biological variable in the culture of stem cells
that is best avoided if possible. Accordingly, defining a culture condition, which will permit
the proliferatién and culture of buman embryonic stem cells without a fibroblast feeder layer
and without conditioned medium, is of great interest in the continued development of
techniques for the use of human embryonic stem cells.

[0006} Several medium formulations will permit human ES cells to remain
undifferentiated for some time, but that state often fails to maintain itself over long term
culture. In particular, we define a passage as the growth of human ES cells from an injtial
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human embryonic stem cells that are as defined as possible while being completely independent of
feeder cells. [00011]Other objects, features and advantages of the present disclosure will become
apparent from the following specification. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS [00012]Not applicable. DETAILED DESCRIPTION OF THE INVENTION [00013]The
observation that human embryonic stem (ES) cell cultures have previously been maintained in an

undiffereptiatedstaie,onbyhenarity erh ke prasensr.ohibroblashiredes Gellsiat i conditioned

medium has led to speculation that the fibroblasts release into the medium a factor which acts to

inhibit diffefeigstiol ehas Eondieverpisspienisriatnms hasmisH the peiREPBISdEEBNS of
marine 5Sscelliingsoyhichayhea shitured with-lerobiast iaadehcalls 1RIRARH0s IgHiGENA Ribitory

factor (LIF) secreted by the fibroblasts to remain undifferentiated. The LIF activates a s%nal pathway

in the muERGUEYy calrarkHY tiRpIEFYSSHIEH ARERITOWES BB RsREN PP elbmedhatinreissiank to LIF
and indegl £l Ao} SREMIBIRSERSRdMnRCRRIAE AR aRIh S Hdacss QNRE N BRI fRLter has

been isolated from conditioned medium that seemed to cause the effect of preventing differentiation in

human EStéens frddesrdlo peiradse s rdisionrssnacdiran, o thedivegomkst e stenansieastéblast cells
inactivatedifigrentiationfaciomsm Arssent i yreenditiensdumedivmn PRQk AYariousresgarshgroups

have investigated factors that initiate differentiation of human ES cells into progeny cell cultures that
are enrichadl €S HSHe or more particular lineage. One of these differentiation factors is a category
of protein factor known as bone morphogenetic protein BMPS are members of the transforming
growth factor- (TGF13) superfa é) Mﬂ@ Hé{r% }{éﬁ%@ %y play an extensive role in

almost a; cts of e nic develgpment. BMP 4 and BMP faml members, such as BMP2,
-5, and BMP t;%é‘ P spEsH g‘F%FF WA &&u@%ﬁ?éie ﬁ éEEB{’é}D@ YRYAPRIPSPBRI B. Upon
ligand acgweneﬂldliuearﬂa"amllutwp@mee@umammmwmdﬂ@@ﬁmgnﬁ@tteﬁmiﬁ@mtamgmadI -5, and
-8, which are then escorted b ommon Smad t ter e nucleus and activat get genes. The
relative XIRESLEEN OB ST BN b gRSFA A AR A U OS2 A HS5rRE dndhrnant o
BMP-indii¢ecbiesnansas. ﬁ@@mwﬂm@ﬁ@@m@mwlp@mﬁmmm@@mm&eﬂwm natuieabBMP
effect. Aﬁé ical, eﬁﬁoﬁgle is the,chan ‘%1 BMP a tion by a co- %\}f& ?éed LW sjgnal in.mouse ES cells:
BMP sighat 4igite! “Hoh Rt Féﬁt PR BIT RS RS B WHE TR RENAIE together
inhibit diffeneptiaiior teleoydifeag@oie, egfemuulmrelmeanmgm istgssihagsulagginn@iandis,
chordin, i ﬂg gﬂ thlljtatln twisted strulatlflh nd members of the DAI\H‘amll . etc. can modify
diminish 8 tBta¢* &c’iﬁ RO R Bt R SO ARSI %%%‘é HGBS N interrupt the
BMP sig intracel r exa alln ctlvate fl roblast growth factor
(FGF) ca 16%? tthe B S|gna |ng r;}%?%even Ll;lﬂgu{ﬁregéma S5 ﬁﬁlc ear rans OCL?]tsoﬁ \%a
phosphonydadidm: dé¢tier limke domuainiafdhe:Shadsf Altyl\kammmf tiatodnstdndhingtigrevwthdactor beta
(TGFP), Nadal w9 vin sign ways,ma nta oniz .BMP. signaling via intracellular
Cross- talk %%c %%Q:%Bmpgfl t%or?b FJ% § had4' 1eirrlfeﬁ/rt e (nguc eUs. ‘1‘? g?;\sat%’g%l %étagﬁl ot ﬁ1ecgé
moleculeglvershe idediibamayahi feBMBdghaling: topdcizevei the @ffectstreporse chsefEc[O0 15]1t
was also obserygg that the {Eve glgfcgggl}% rargno Eerge o or,[e%n (BMP) stimulated intracellular signal
is low is RUMan Sn%:eﬁs grown In conditione ium, W ereas Fthe level of this same signal is high in
human ERe&Tjgrown Imui mawmdm;iﬁtmmedrmqlnﬂwc@addwmhautf@ﬁbbtéskéebdes&:eﬂa)nﬁmps the
effect of thte con dffﬁz@' ftpl(aanmend {i}:ategf t,cgenhlbltloq of the ef ects of Bll\/lg mducmg signals
presentint & uncondr |one erefore exp ored the pa poss uIr?y fRaE antagonlsts of BMP
activity ceulbiractio omld ellhaldlmmdtmn wbfdumath & S1ttelis inediituren aupali smarsaitsdiffenantiated state
without the need f r fe udegeceallﬁgrrogp S%gaeﬂi@c grl%in It was dISC vered 1and | reportgﬁ here, that
this possfgrftlglw ?65 10 bé correc ntagonizing tﬁe ac IVIt ol s %ssmle to
culture hamagoESt ce s ifidefin tetyunttiderthia ol thretaim aktlbf Mendmdtmmwadefcwkmtlcs of
embryoniy There a b ntagonists of BMP tha can be useqd in this
veion HRE e S e e R o 1o
function dsesdntagdnisihotBiiRsbemiuderghepiifichondim mhﬂdmﬁdlf@atmgg\liste@@éistmlation and
members I b feing T ctivin and other
molecules wﬁ %Ei\?g%tgﬁt%&eé%n %%@&%a%y%?%éﬂﬁt IS r?gtqr%%ﬂ tire %ﬁa%?gl %tagonlst protein
be the humthdden pethBpiotehonit iscophy gegelieprtieinit be effective in culture to allow unconditioned
medium to maintain ES cells without differentiation. It is also possible to use as an antagonist
antibodies specific to all BMPs or a specific BMP. The particular protein chosen as the BMP antagonist
is less important than that the desired effect is achieved in that BMP signaling activity is inhibited by
the molecule added to the medium. The simplest and most straightforward way to accomplish this is to
add the BMP antagonist to the medium in which the human ES cells are cultured.



WO 2005/113755PCT/US2005/017931 [00017]The most potent BMP inhibitor identified so far, the
protein noggin, was originally cloned based on its dorsalizing activity in Xenopus embryos. Mouse
noggin cDNA encodes a 232 amino acid (aa) residue precursor protein with 19 aa residue putative
signal peptide that is cleaved to generate the 213 aa residue mature protein which is secreted as a
homodimeric glycoprotein. Noggin is a highly conserved molecule. Mature mouse noggin shares 99%

and 83%¥@®§FQU¢”CGA‘I’§:I"§I%¥ME€HH§ HAH e XeNRRUSRAIUNNESREHVEN.: Negaiphas a complex
pattern of expression during embryogenesis. In the adult, noggin is expressed in the central nervous

system afHH Sbierdn st BAYREIE PRGSO SRS SkeiR ANTASOBHESA MRS KA SKBYHas
been shawp e AqdBiohRifiniv BMRbindingRraialy hakaniagepizesalmast @iyl bieastivities.
[00018]It has also been found that high levels of fibroblast growth factor (FGF) are also useful in the
culture o8t CEMsIRASrWRHBE: conditioned medium. While it has been previously reported that the
addition qibéa)is a usefuharditive tarsten seliguty Eﬁ&@@ﬁﬂ@@péuﬁ%i@v&@o%ﬁﬁﬁ%mi Belfpatavork,
the FGF in the medium in the work reported was basic FGF (bFGF or FGF2) at concentration of 4

ng/ml. HEEFOR ipented it LiGre R Hp SRIAING SBIoxI AR teriBRIA5 Rt ProtRices better
results. Tﬂi@wﬁfﬁréﬁﬂ&ﬁ%@@'@ﬂ@lﬂf@ﬁ@g@ﬂ&iﬁ“ﬁr&@ﬁk d8RQUBdhRaE4CRaRdWhile others of the

various FGF variants also work for this purpose, the concentrations of other FGFs would need to be

adjusted TREBHBSHIR G0t AR Bt Rchemesaal Rt niiprh s BEBALKSRTEY (5% Eo inhibit
the intracgliiar BMRuAcHYsd800 IldharaiapRratsiaRa arypRigistic relatipnsbip hetwesntthe effect

caused by a BMP antagonist and that caused by high levels of FGF in the culture medium, In other

words, the GSE O RigRIeVeIsF BEB R hard i fAliatHniviviidepTBHRtoture Y (9NN
undifferepiiaiRtstatenthost {eepsdiesisRIfroRditinRMMAdumNnBbIE seowitha lesser level of bFGF,

e.g. 40 ng/ml when combined with the use of a BMP antagonist such as noggin. Either combination
makes theyggsure not juss feedprcirepthyiishrsAsteosuseditaieuibesmhichuraken s of
conditioned medium (conditioned with feeder cells) but c rggtely "feeder independent,” meaning
entirely N6 BURHBRETHE AT G HSdAB BOI BE S RE AL oBSIARS R A BeBhred below
will demofistiatectRisthypathesis hasigrovetifiold eariget By adding noggin, or other inhibitor of BMP
signaling, and by stimulating the fibroblast growth factor (FGF) signal, human ES cells can be grown
indefinitelp@ e undifférentatdd:stdiewithidid pithenférdrrsesdsateCorditibmed onditions. fohis permits
a WO 2%%)5/1137 PCT/US200 {0 7931 hurﬁnaff\p ES cell cuﬂ)t%re lt b%initiated nd maintained without
exposure O Teeder Celg e e dium e%p%rs?ea& 0 feeaér ESiE U Bifa ellllﬁ%cé)rﬁxll%gfe(:%”-free proliferation
of humaniiismellitmesf itealwrelbdefined medium. [00021]A related concern in the culture of human ES
cells is to remove, to the extent possible, undefined constituents and constituents of animal origin from
ES cell cufiiwtidonditiotshdhibjisctohefioctwodedsansc@nd thagorsdsitdisthrsderdizi Ipedtune
Condition%foal%%tt?rS%Wﬁgi?ﬁll%iﬂ%?ﬁne%iﬁ%gt ilgns in biological materials to the extent possible. The
other objective Is to avoid the use aterials, cells, exudates or constituents of animal origin so as to
avoid any possible cross-species viral transmission through the culture system. Thus it is an objective
to define a culture condition that avoids the use of products of animal origin. 1000221So a defined
medium for human ES cells begins with a basal medium containing salts, vitamins, glucose and amino
acids. The basal medium can be any of a number of commercially available media. We prefer
combination of Dulbecco’'s Modified Eagle Medium and Hams F12 medium, sold as a combination
(DMEM/F12). To that basal medium is added glutamine, p-mercaptoethanol, and non-essential amino
acids. Other possible additives include antioxidants and lipids. A protein constituent of the medium is a
serum substitute product. Albumin or purified albumin products, like the commercial product
AlbuMaxTm, will work, but we prefer a defined protein product made up of albumin, insulin and
transferrin. Human proteins are preferred but not essential so long as uncharacterized animal products
are excluded.
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[00023]It is worthy of mention that the observations here indicate a fundamental difference between
~ the mechanisms of self-renewal among stem cells of mammalian species. The conditions which
“support the maintenance of murine stem cells, including the addition of LW and EMP to the medium,

are insufficient to maintain hES cells in an undifferentiated state. We have been unable to maintain

undifferentiated %lf,\ (ﬁ g m upplemented with LIE and BMP4. BMFs cause
human ES cells t© ﬁ%ﬁggﬁﬁ ﬁg?@& g%ﬁ@%e‘t{%@%ﬁg preSdiRetBYS each that BM?
signaling##032be antaljonizeditatfiester human stem cell self-renewal. Thus it is clear that, at a '

minimum, the cellular mechapj f - wal are very different between the mouse and human
cell systems. WO 2005/11%@%%’!@@ ggf?@@%@&%ﬁﬁ?ﬂéﬁ@%ethods and materials

[00025]Médfid 3ind cell Thutotaeck/atondiiones et (M yeantained BeYRMEM/E12 and 20%
KNOCK%UT. serum re lacement, and was, sypplemented with 1 mM L-glutamine, 1% Nonessential

Amino A fggl?éﬂiy S THRATEEERS AR ADURIHRTEat s i frRthanBrrSiginEsd vhginmeacmetium
(CM) is piersdest iietheubiiting inesntitioradraadiimvikimoyse embryanicfibmhiasts Queright and
coIIectinge[h gn.egé%rg:?%fteévgv%ds which.is then supplemented with 4 ng/ml bFGF and refrigerated to
be used within 2 Weeks B sa\f?@@rc\ﬁh%ﬁc%t‘b%%@é@@BeRMIW%& HSsabisiedtiic) in CM or
LTM witsprowlithioutieithertAsed g/ mheneusitcnoBgif B8R System ESAl RO man REGF
(Invitrog or bot d propagated by using 2 mg/ml Dispase, (Invitrogen) to loosen the cell colonies.
For evalggg%c o%%jlg%lé ﬁﬁ%ﬁ%%‘%%fgke FHEQbIBnfk eniranhiiiars, fistoséhdilerereigddd to each
medium therfibliplesteltsrandiauindetianiaday sTkealFwerm Masvesiediand.cannieg omdays 1 and 7,
and Oct +%%%|lllssﬁ? %wer lfetecte fluorescence-activated cell sortir?é%?lgACS, see below).
odies (Ebs

_Embryoi .eerPesf% HEEEY sUSPEREn G WR G5 st &t BBESRAm N ik E Ioner
“UM/bEGE#fwedgin (LUMEéﬂ),taqmﬁbﬁtmmﬁeWMs%%@%@@@ﬁ@ﬁé&a@@@g&g{lﬁ%@gg%ma n a rocker

for 7 days, The cells were then re-plajed in DMEM medium supplemented with 10% fetal bovine
serum oxr%éeglé%?r%?%%?é%mpfe?%&gﬁal%% ﬂﬁ%‘ﬂ%ﬂ?@&?@ﬁﬁl@&@&%ﬁgﬁ%ﬁimm@érse
transcripliéfeR@RagRT-RGRhap BgsisllE xRedmeRisr Ao e BiRRaN tiRieimes ANt ANQVA was
used for.%%%is i%%%gstiﬁ?throqghout the %Eiua%ies. 00026]Immunoprecipitation and western blotting: 15
ml of DMEMIF 12 Med Ui &8 CoRafibattronescisatiopaaciory piarsad dnpcddinprdontdiibroblast
cells in 008 4lask ovevaitpits Theanaditiipyascolseiaiaed sRRsSMARGLIAARRH O, ml yith 2 5 kD

moleculagyeight cut-off filter (Millipore) and immunoprecipiated with goat anti-mouse noggin and
gremlin %ggbl%g ies Cﬁtésé%’t & r(’é'ﬁﬁﬁe%ﬂﬂi"ﬁ?% oot Hscslseanece srersl. The

precipitapedipniteiiscapgeeDlysatahdfcidi RAdmatR 8 IBHARRORSIZE 9 AR 0% ineasHradient
PolyacryaIzSi(Fci)%g Tgs-IE|C1 PEecast Gel }(?%%%Rad for western blotting. The antibodies against mouse
noggin and gremiin weres Uesasr et ni Fatgphstepktheitrasiarsinasmyainst human

Smad1/5etqrpsphimyjaiestSmad Ubiedeel §W@ﬂﬁ%&ﬂe@meg¥vﬁéﬁ @f%ﬁ’sz%%%@lg@' and

fl-Actin (Abeam) were usegfor the cell lysates. The blots were treate the ECL substitute

solution(éi SN2 EARRETSRhAPBIESRIE scaslonmenk RME and PjerRAGR fMoviotomilbeninesdence.
[00027 1 BNENPNaG; laneifeT a5 RBNFIEHASE ' nsfec ith a
‘BMT/S 9& ongive firefly Iuciferas%pq%ﬁﬁg%%%goﬁcw %ggfgh%r%\?v%ﬁoé%\%‘mount of
pRL-tk r&as Kg}p @%ﬁiﬁaﬂB Whjirand Wﬂf%%d%@rﬁ@@%lﬁﬁﬁﬁ@@mald@mﬁmpbh@mgl |
post-tramsteptian pivesskis weredreated yaiusly (ot ddaie Gell Meales Eecgé}ﬁ?&ﬁ?;%aé&qéoom the

firefly and B?ﬂgla luciferase activities tested by using the Dual-Luciferasé Reporter 1y System
(Promed) Br'E SYHFLLAAMBFHEES tEchrsacrenthsfehiizaiesmersaetordad B Mhe firefhidusiferase

activity nathsatiaasoytihedReniliadusiiarpsaacii-1900281Qusntitative-PG i?s%% -PCP. Total
cellular I;i%NA. was extracted by RNeasy kit (Qiagen), and treated with RNase-free DNase according to
u

the mantfaCHFEPR HGHIBHIRBAMSL G RNA Heasdlicarte frethee (b BYID SiftA Witiipiesdrom-1l Reverse

Transcrigtinphy siehe (Rramegei \priaatibativeRGR was: et ' R.green Q-PCR

" - Mastermix %{t]‘rﬁta ene) on@t{ﬁe AB 7500_Re§§%ime gﬂl\%ééé}}/gé%q(l pafli)li}:lalgﬁ g%éﬁe%r%{ls%mthe
following EBRCTIRHS O e gtseral grithalal sHBer eudasiroseharesiPAMBOG] BHtisigmils at 72C, and 3

min extengiaheptidGit GilRihtiHiRRSeIREYRSIERICT RS AFENHURNNUS IRlgIeNce JQ Galculate the

relative expression levels of target genes according to Applied Biosystems' | structions. For RT-PCR,

followind Bt RENLd. whininafolietatiaribristej dasgrelekopaiodinerdersed &ed2EN30 sec at
55C, anthihilyinedt. 636 mldaery QRaRHIONS WkiS,5RR9RIAS 00,961 &Y BIEHORARISSISA1d the DNA

bands were visualized under ultraviolet light for photography. The primer sequences and PER cycle
numbers: HAERPBREYs can interrupt the BMP signaling intracellularly. For example, the MAPK



- fO(_)OZQ]TabIe 1. Primers and cycle numbers for Q-PCR and RT-PCR Gene Name Test Forward .

| Primer/Reverse PrimerSEQ 1D NO: PCR Cycle # Id! Q-PCR Forward Primer 5-GGT GCG CTG TCT

- GTC TGA G(SEQ ID NO: 1) Reverse Primer 5-CTG ATC TCG CCG TTO AGO(SEQ ID NO: 2) 40 Id2
Q-PCR Forward Primer 5'-CICA GCA CCT CAT CGA CTA CA(SEQ ID NO: 3) Reverse Primer 5'-AAT

| TCA GAAsi(Bclc TGC AAG GA SE? ID NO: 4% R L
gnaling activated by fi roblast growth factor (FGF) can inhibit the BMP signaling by

préventing the Smads from nﬁclear-translocation via phosphorylation of the linker domain of .
the Smads. Activaﬁon of the transforming growth factor beta (TGFB), Nodai, or Activin,
signaling pathways may antagonize the BMP signaling via intracellular cross-talk, such as
competition for Smad4 to enter the nucleus. It is anticipated that all of these molecules can
be used to antagonize BMP signaling to achieve the effects reported here.
[00015] It was also observed that the levels of bone morphogenetic protein (BMP)
stimulated intracellular signal is low is humanﬂ ES cells grown in conditioned medium,
whereas the level of this same signal is high in human ES cells grown out in-unconditioned
medium (and without fibroblast feeder cells). Perhaps the effect of the conditioning of the
medium was due to inhibition of the effects of BMP inducing signals present in the
unconditioned mediurm. We therefore explored the possibility that antagonists of BMP
activity could act to enable the cultivation of human ES cells in culture and in an
undifferentiated state without the need for feeder cells or conditioned medium. It was
discovered, and is reported here, that this possibility was found to be correct. By
antagonizing the activity of BMP, it has become possible to culture human ES cells
indefinitely, while the cells refajn all of the identifying characteristics of embfyonic stem
cells. |
[00016] There are a number of antagonists of BMP that can be used in this invention.
The most potent known such antagonist is the protein noggin. Other proteins known to
function as antagonists of BMPs include gremlin, chordin, inhibin, follistatin, twisted
gastrulation and members of the DAN family. As mentioned above, other proteins include
TFGP and activin and other molecules which activate fhc signaling pathway for MAPK. 1tis
not required tﬁat the antagonist protein be the human form of the protein. It .is only required
that it be effective in culture to allow unconditioned medium to maintain ES cells without

* differentiation. It is also possible to use as an antagonist antibodies specific to all BMPs or a
specific BMP. The particular protein chosen as the BMP antagonist is less iniportant than
that the desired effect is achieved in that BMP signaling activity is inhibited by the molecule
added to the medium. The simplest and most straightforward way to accomplish this is to

add the BMP antagonist to the medium in which the human ES cells are cultured.



40 1d3 Q-PCR Forward Primer 5-CTGGAC (MC ATG AAC CAC TO(SEQ ID NO: 5) Reverse Primer
5-GTA GTC GAT GAC GCG CTG TA(SEQ ID NO: 6) Forward Primer 5'-ATG AAG GCG GIG AGO
CCG GTO CCORMWSEBT NO: 7) Reverse Primer 5-TGT GGC COT GOT SOfASLabsfpF31AGOG

(SEQ ID NO: 8) Forward Primer 5'-GAG TCC ACT GGC GTC TTC AC(SEQ ID NO: 9) Reverse

Primer 51-CTC AGT GTA GCC CAG GAT GC(SEQ ID NO: 10) 40 40 40 1d4 Q-PCR GAPDH
[00017] The most potent BMP inhibitor identified so far, the protein noggin, was
originally cloned based on its  dorsalizing activity in Xenopus embryos. Mouse noggin cDNA
encodes 2 232 amino acid (aa) residue precursor protein with 19 aa residue putative signal
peptide that is cleaved to generate the 213 aa residue mature protein which is secreted as a
homodimeric glycoprotein. Noggin is a highly consefved molecule. Mature mouse noggin
shares 99% and 83% aa sequence identity with human and Xenopus noggin, respectively.
Noggin has a complex pattem of expression during embryogenesis. In _thé adult, noggin is
expressed in the central nervous system and in several adult peripheral tissues such as hung,
skeletal Iﬁuscle' and skin. Noggin has been shown to be a high-affinity BMP binding protein
that antagonizes almost all BMP bioactivities. _

— [00018] - It has also been found that high levels of fibroblast growth factor (FGF) are
also useful in the culture of stem cells with or without conditioned medium. While it has
been previously reported that the addition of FGF is a useful additive to stem cell culture
conditions, as in WO 01/66697, in that work, the FGF in the medium in the work reporied
was basic FGF (bFGF or FGF2) at concentration of 4 ng/ml. Here it is reported that cuiture
with FGF at levels approximately ten-fold higher produces better results. The preferred
concentration of bFGF in the work reported here is 40 ng/ml. While others of the various
FGF variants also work for this purpose, the concentrations of other FGFs Woﬁld need to be
adjusted to correspond to the efficacy of this level of bFG‘F, which has been shown by us to
also inhibit the intracellular BMP activity. 1 .
[00019] There appears to bé a synergistic relationship between the effect caused by a
BMP antagonist and that caused by high levels of FGF in the culture medium. In other
words, the use of a high level of bEGF, e.g. at 100 ng/ml, will support cultures of hES cells in
an undifferentiated state without feeder cells or conditioned medium, but so will a lesser level
of bFGF, e.g. 40 ng/ml When combined with the use of a BMP antagonist such as noggin.
Either combination makes the culture not Just “feeder free”, which is a term used for cnltures
which make use of conditioned medium (conditioned with feeder celis) but completely
“feeder independent,” meaning entirely independent of the need for feeder cells of any kind
at all,

{00020} As the date presented below will demonstrate, this hypothesis has proven to be
corréct. By adding noggin, or other inhibitor of BMP signaling, and by stimulating the
fibroblast growth factor (FGF) signal, human ES cells can be grown indefinitely in an
undiffefemiated state without either feeder cells or conditioned medium. This permits a

-5



Q-PCR O(_:t4 RT-PCR Forward Primer 5'-GGG AAG GTA TFC ACC CAA ACG(SEQ ID NO: 11)
Reverse Prllmer 3535 5-GGTTCG 011 TCT CI 1 TCG GG(SEQ ID NO: 12) Nanog RT-PCR
Forward Prim& & 2#aTIAST TCA GCC TCC AGO AGA TO(SEQ ID NO: 13) HavEs3tpintd

human ES cell culture ta be initiated and maintained without exposure to feeder cells or
medium exposed to feeder cells, thus enabling animal cell-free proliferation of human ES cell |
lines in a well defined medium.

[06021] A related concern in the culture of human ES cells is to remove, o the extent
possible, undefined constituents and constituents of animal origin from ES cell culture
conditions. This is done for two reasons. One reason is to standardize culture conditions so
as to minimize the normal variaﬁons in biological materials to the extent possible. The other
objective is to avoid the use of materials, Cellé, exudates or constifuents of animal origin so as
to avoid any possible cross-species viral transmission through the culture system. Thusitis
an objective to define a culture condition that avoids the use of products of animal origin.
[00022] So a defined medium for human ES cells begins with a basal medium
containing salts, vitamins, glucose and amino acids. The basal medium can be any of a
number of commercially available media. We prefer combination of Dulbecco’s Modified
Eagle Medium and Hams F12 medium, sold as a combination (DMEM/F12). To that basal
medium is added glutamine, B-mercaptoethanol, and non-essential amino acids. Other
possible additives include antioxidants and lipids. A protein constituent of the medium is a
serum substitute product. Albumin or purified albumin products, like the commercial product
AlbuMax™, will work, but we prefer a defined protein product made up of albumin, insulin
and transferrin. Fluman proteins are preferred but not essential so long as uncharacterized
animal products are excluded. " ' _

[00023] It is worthy of mention that the observations hei'e _indicate a fundamental
difference between the mechanisms of self-renewal among stem cells of mammalian species.
The conditions which support the maintenance of murine stem oells, including the addition of
LIF and BMP to the mediumn, are insufficient to maintain bES cells in an undifferentiated
state. We have been unable to maintain undifferentiated hES cells in serum-free medium
supplemented with LIF and BMP4. BMPs cause human ES cells to differentiate into
trophoblast cells. In fact, the data presented here teach that BMP signaling must be
antagonized to foster human stem cell self-renewal. Thus it is clear that, at a minimum, the
cellular mechanisms for self-renewal are very different between the mounse and human ceil

systems.



5'-CAA AGO AGC CTC CAA GTC ACT G(SEQ ID NO: 14) Rex! RT-PCR Forward Primer 5'.-CCT -
GGA GGA ATA CCT GGC An G(SEQ ID NO: 15) Reverse Primer 5-TCT GAG GAC AAG CGA TrG
CO(SEQ ID N8 3¥P4L3¢E S RT-PCR Forward Primer 5-TGA GAT CAC TTCABRGBGIGH BTT
TCC(SEQ ID NO: 17) Reverse Primer 5-TTT ATA CCT CGG GGT TGT GGG G(SEQ ID NO: 18) 30
Pax6 RI-PCR Forward Primer

EXAMPLES

{00024]' Methods and materials _
[00025] Media and cell culture. Unconditioned medium (UM) contained 80%
DMEM/FI12 and 20% KN OCKOUT serum replacement, and was supplemented with 1 mM
L-glutamine, 1% Nonessential Amino Acids (all from Invitrogen), and 0.1 mM B-
mercaptoethanol (Sigma). Conditioned medium (CM) is prepared by incubating
unconditioned medium Wiﬂl mouse embryonic fibroblasts overnight and collecting the
medium afterwards, which is then supplemented with 4 ng/ml bFGF and refrigerated to be
used within 2 weeks. hESCs were cultured on plates coated with Matrigel (BD Scientific) in
CM or UM with or without either 0.5 j1g/mi mouse noggin (R&D Systems), or 40 ng/mi
humari bEGE (Invitrogen), or both, and propagated by using 2 mg/ml Dispase (Invitrogen) to
loosen the cell colonies. For evaluation of Oct4™ cell number, suspended colonies containing
35,000 cells were added to each medium in multiple wells and cultured for 7 days. Cells

- were harvested and counted on days 1 and 7, and Oct4” cells on day 7 were detected by
fluorescence-activated cell sorting (FACS, see below). Embryoid bodies (Ebs) were formed
‘by suspending hESCs that had been cultured in CM or UM/bFGF/noggin (UMFN), as cell
clumps in UM on a non-coated plate, and culturing them on a rocker for 7 days. The EB cells
were then re-plated in DMEM medium supplemented with 10% fetal bovine serum on |
gelatin-coated piate and cultured for 5 days followed by harvesting and reverse transcription-
PCR (RT-PCR) analysis. Experiments were repeated multiple times and AN OVA was used
for statistic analysis throughout the studies.
[00026] Immunoprecipitation and western blotting. 15 ml of DMEM/F12 medium
was conditioned on 2.12 x 10°/m! irradiated mouse embryonic fibroblast cells. ma T75 flask
overnight. The medium was collected and concentrated to about 0.7 ml with a 5 kD
molecular weight cut-off filter (Millipore) and immunoprebipiated with goat anti-mouse
noggin and gremlin antibodies (R&D Systems) (5 pg each) or 10 ug goat IgG as a negative
control. The precipitated proteins or cell lysates (Fig. 2A) were electrophoresized on 2 4%-
20% linear gradient Polyacrylamide Tris-HC Precast Gel (BioRad) for western blotting. The
antibodies against mouse noggin and gremlin were used for the immunoprecipitated proteins,
and antibodies against human Smad1/5/8, phosphérylated Smad1/5/8 (Cell Signaling
Technology), BMP2/4 (R&D Systems), and B-Actin (Abcam) were used for the cell lysates.



30 5-CGTCCATCTTTG Cll GGG AAA TC(SEQ ED NO: 19) Reverse Primer 5-GAG CC'T CAT
CTGAATC1I1CTCCG(SEQ 1D NO: 20) NeuroD I RT-PCR Forward Primer 5'-AAG CCA TGA

ACG CAG AGO AGO ACT (SEQ ID NO: 21) Reverse Primer 5 '-AGC TGT CCA TOO TAC COT
AA(SEQ ID NO: 22)

The blots wé:re treated with the ECL substitute solutions 1 and 2 (Amersham Biosciences)
and exposed in a Fuji Imager for chemiluminescence.
(000271 BMP/Smad-Luciferase Reporter Assay. hESCs cultured in CM were
transfected with a BMP/ Smad-responsive firefly luciferase reporter plasmid, pID120-Lux,
together with trace amount of pRL-tk plasmid (Promega) to €xpress Renilla luciferase as an
internal control. One day post—transfecﬁon, the cells were treated vanously for 24 h. Cell
lysates were extracted and both the firefly and Renilla Tuciferase activities tested by using the
_ Dual-Luciferase Reporter Assay System (Promega) on a 3010 Luminometer (BD
Biosciences). Resulis ﬁcre recorded as the firefly luciferase activity normalized by the
Renilla luciferase activity.
[00028] Quantitative-PCR and RT-PCR. Total celiular RNA was extracted by
 RNeasy kit (Qiagen), and treated with RNase—ﬁ*ee DNase according to the manufacturer’s
instructions. One pg RNA was reverse transcribed to cDNA with Improm-II Reverse
Transcription System (Promega). Quantitative-PCR was performed by using the SYBR
green Q-PCR Mastermix (Stratagene) on the AB 7500 Real Time PCR System (Applied
Biosystems) under the following conditions: 10 min at 95°C, 40 cycles of 30 sec at 95°C, 1
min at 60°C, and 1 min at 72°C, and 3 min extension at 72°C. GAPDH transeript was tested
as an endogenous reference to calculate the relative expression levels of target genes
according to Applied Blosystems instructions. For RT-PCR, following condmons were
“used: 3 min at 94°C, various cycles (see below) of 20 sec at 94°C, 30 sec at 55°C, and 1 min
at 72°C. The PCR reactions were separated on gel by electrophoresis and the DNA bands
were visualized under ultrawolet light for photography. The primer sequences and PCR

cycle numbers are listed below.



30 Brachyury RT-PCR Forward Primer 5-AAC CCA Aar GTG GAG ATG ATG CAG (SEQ 11) N8R23)
Reverse Primer 5' AGG GGC TTC ACT' AAT AAC TOG ACG (SEQ ID NO: 24) 35 IINF3a RT' P j
Forward Primer 30 5-CCA AGC COCCII ACT CCT ACA(SEQ ID NO: 25) Reverse Primer 5'-CG

AGA TGA AGA CGC TOG AGA(SEQ ID NO: 26) B-Actin

{00629] Table 1. Primers and cycle numbers for Q PCR and RT-PCR
Gene Test Forward Primer/Reverse Primer SEQ IDNO: | PCR
Name ' Cycle #
1 Q-PCR | Forward Primer _ 40
5’-GGTGCG CTG TCT GTC TGA G (SEQIDNO: 1)
Reverse Primer
3-CTG ATC TCG CCG 'ITG AGG (SEQ ID NO: 2)
Id2 Q-PCR | Forward Primer 40
5’-GCA GCA CCT CAT CGA CTA CA (SEQIDNO: 3)
Reverse Primer - , : o
5'-AAT TCA GAA GCC TGC AAG GA (SEQ IDNO: 4)
1d3 Q-PCR | Forward Prirmer ' 40
5'-CTG GAC GAC ATG AAC CAC TG (SEQ ID NO: 5)
Reverse Primer
5’-GTA GTC GAT GAC GCG CTG TA {SEQ IDNO: 6)
134 Q-PCR | Forward Primer 40
- | -ATG AAG GCG GTG AGC CCG GTG CGCC (SEQIDNO: 1)
% Reverse Primer
vt : 3-TGT GGC CGT GCT CGG CCA GGC AGC G (SEQ ID NO: 8)
GAPDH | Q-PCR | Forward Primer _ ‘ . - | 40
E 5"-GAG TCC ACT GGC GTC TTC AC {SEQ ID NO: 9)
.| Reverse Primer _
i 5-CTC AGT GTA GCC CAG GAT GC (SEQ ID NO: 10)
Oct4 RT-PCR | Forward Primer o -] 35
: 5’-GGG AAG GTA TTC AGC CAA ACG (SEQIDNO: 11) :
Reverse Primer ‘ ,
3’-GGT TCG CIT TCT CTT TCG GG (SEQID NO: 12)
Nanog | RT-PCR | Forward Prirner . 135
5-AAT ACC TCA GCC TCC AGC AGA TG (SEQIDNO:13) | -
Reverse Primer o
5-CAA AGC AGC CTC CAA GTC ACT G (SEQ ID NO: 14)
Rex] RT-PCR | Forward Primer 35
5'-CCT GGA GGA ATACCT GGCATTG (SEQID NO: 15)
Rcversc Primer '
o 3"-TCT GAG GAC AAG CGA TTG CG (SEQ ID NO: 16)
CGg RT-PCR | Forward Primer _ 30
- 5'-TGA GAT CAC TTC ACC GTG GTC TCC {SEQIDNO:17)
Reverse Primer :
5"-TTT ATA CCT CGG GGT TGT GGG G (SEQ ID NO: 18)
Pax6 RT-PCR | Forward Primer 30
3'-CGT CCATCT TTG CTT GGG AAA TC (SEQIDNO: 19)
Reverse Primer '
5-GAG CCT CAT CTG AAT CTTCTC CG_ (SEQ ID NO: 20)

9a




RT-PCR Forward Primer 5'-TGG CAC CAC ACC TTC TAC AAT GAG C (SEQ ID NO: 27) Reverse .
Primer 25 5-GCA CAG CI 1 CTC CTT AAT GTC ACG C (SEQ ID NO: 28) [00030]JFACS and
immunocytochemistry. hFSCs cultured in various media were processed for FACS analysis to detect
Oct4+ cells. Mouse anti-human Oct4 antibody (Santa Cruz Biotechnology) at 2 jig/m1 and fluorescent
isothiocyanate-labeled rabbit anti-mouse secondary antibody (Molecular Probes) at 1:1000 dilution

were used, Stati
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5*-TGG CAC CAC ACC TTC TAC AAT GAG C (SEQ ID NO: 27)

Reverse Primer

5'-GCACAGCTTCICCTT AAT GTC ACG C (SEQ ID NO: 28)

25

[A0033]Results
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20% KNOCKOUT Im serum replacement (Invitrogen), which includes a proprietary lipid-rich bovine
.albumin component, ALBUMAX TM. UM was conditioned on fibroblasts overnight and then ‘
supplemented with 4 ng,/m1 human bFGF to obtain CM. We cultured hESCs (H1) in CM, UM, a 1:1
mixture of CM with UM, or a 1:1 mixture of CM with DMEM/F12. The cells in CM or the 1:1
CM-DMEM/F12 mixture remained undifferentiated, and were characterized by typical bF.SC
morphology. However, the cells in UM or the 1:1 CM-UM mixture both rapidly differentiated within 48
h. We next substituted purified fetal bovine serum albumin (16.6 g/L, Fisher Scientific) for the serum
replacement to determine whether albumin caused the differentiation. This medium allowed lIFSCs to
maintain an WO 2005/113755PCT/US2005/017931 undifferentiated morphology for about 7 days;
however, the cells had a reduced proliferation rate and eventually differentiated into a mixed

populatiof0@d3dlls. TheSsCSsuitd suendtiyas donmistren IR TRrdanaltiy s sentaiapsvinibe serum

replace ihle for the rapjd differentiation of UM-cultured cells. CM reduces this
differengﬁ%%rg; uﬁ%’}gglgvﬁ%%ﬁfsaﬁ%? %%éi@é%p%%%v &?ﬁﬁé‘" %ﬁé@%ﬂ‘%l@m In
addition GmibBmiecksesiogylep dqegabtatsthonsiains LtibicomReneme thatprg: avireddor IRSC
culture, so serum replac ather than albumjn was used in all subsequent studies. [00035]To
examine W e‘%#%‘?’tﬁgt‘gﬁ@mai?&ﬁ?ﬁ é}ﬁ‘bg a%t[iifihév éﬁ‘gﬂ%ﬁﬁ%ﬁ%gsﬁﬂ P&rcAgalyHs 3@s, we
assessegbfousstbon Blntting thenlesel afikasifumiateshSradhas dnvadiaieirffegpr downstream of
BMP receptors. Smadl phosphqrylation (the_antibody used here could also detect phosphorylation of
other Bl\/ﬁﬁle’} RO %"F%b%&h%‘ EPOVEE AN PRy it 02 e, was wisd rghfadlesisicultured
for 24 h ibyAdear oM 88 RMRIIHhei adeliien a5 easinas, Mirsdy RibiBg.are: 9 8512 - 1000
F gﬂ% ion, but the addition of 40 ng/ml bFGF to UM left the level of Smadl phosphorylation
‘unchanged. P signaling can induce expression of BMP ligands, forming a positive feedback loop
in cells friy00gatious SpesiaaniasENerTFCE 1n BRYRAAM B RIGIRSN SIS R et ARG Ctstakan
n.UM-cultured hESCs compared to cells cultured in CM or in IIJM plus noggin. It is at

increased level |
present I?HJ&F@EAWRWMW RSty fechpiiplpas B siinatngdnemdgCs, or
other diffettatiationaMpEing C0eigaHias NN mmwwmi@ﬁlwyﬁég'mmm}ﬂg&i%%gﬁ by

secretiorgﬁi;g?@gnd another BMP antagonist gremlin were both detected in medium co

the fibrobiast, THESERFLI RO ErR o HeatedrPa dit e Shapdchrand meneiiPpsiGaling activity is
present idestvibedltured liF.SCs, and that both BMP agonists and antagonists are present in
fibroblas&m&grted CI#IQJre of hESCs. [00036]We further assessed MVP signaling in hESCs (1114)

cultured us meSraPRRSiEg ARl fluopescouce e s hatnidiaating, BESChepitakérase reporter

- plasnaidiSpaaNi¢atly deopopatists BMR/siveeised i (RRRHEMACHANIRCESASEL Witlygn increasing
concentlﬁt'ion!of the s%rum replacement or BMP4, and decreased with an increasing concentration of

noggin o 2B f o Abgifsprrsed ARthiPse cellat0S Al aisnetaplesseivese analgptdfoeporter

activity iGibeoktivel, siiE0o 0oahiagbioves BysGMi @m&%@éﬁg@fﬂ@%@sﬁ%ﬁi&mﬁﬁ}’ Is of bFGF
(200 ng/ml reducid BMP signaling to a level comparable to that found in CM without the addition of

noggin. ¥ kR SHSTHESE SRS UH SHTPESR st fgEsl BsprerenBive incegesthabpumeibl can be
reducedthy GoaOIty 466D ARFER MY, @?S%H RéT 20PN 930403 71 The Idi promoter
contains &}%7 responsive elements, an% dl Wagﬁgviously%?tﬁ)wn to be a target of BMP4 signaling in
both hun[1 , mous%@@s. We therefore examined the expression of Id genes as a second .
indicato@dEMI? sianaiimg asitidBVIPGike ipadiRaHR A dea Jddy aPAG g eI hiher in
hESCs t%109) cultured for 24.h in UM or CM + BM134 than in cells cuitured i CM, and addition of
noggin BURFRRIEP T ressBImbFaplacamenidinvitogeal ubitFaslntygipsymiatag didiferentiated
proliferatien B6IESHEuMM S mﬁatﬂwﬁmww ' 0 sig/m systained
undifferentiated proliferation _of%FSCs. HI cells were plate a%%%ﬂ%g?%%gm neggrn%ggﬁlﬁfured for 7

“days in BYFTEER B fier wpeirmonios v thatasimd humep bEGF GrobanGlinke cietassdnumbers
were sm@ggg\mnlqumfw days M@@W?g%%%ama ;Jr% I %&F, or.

UM/nogg%in. Intermediate Oct4+ cell numbers were detected’in 'noggin, suggesting a
synergistt/EME YerdBesslisggie Mhahek1HPYEMEN/BR mintisReR nedMindifoiantind be
propagaﬁgwrguﬂgg&mzﬁ&pgjggm daglls agrinudiated in sither middle (in
UM/bFGF) ar edge (in UM/noggin) of the ILESC té%lonigz. Increa%%d%(%?fgé%t}gtﬁé}rlﬁﬁgglgicarred in

cells cuftdYs&M (2 yidisougiatednednn48dn Wés nexitodsstinuded figrifizdfdahe bFGF

concentaiai WasHe et 1P g/Mrlhe Qg { ‘}Mﬁf E/nogqin could be sybstituted by
gremlin. (gji /mélg)or a solubclte BlVila receptor IA %Og fig/m E’%ﬁ%&%@%ﬁ%‘%ﬁp&?ﬁﬁﬁﬁm noggin's
effects &f qT-ﬁ?&é Wrsugrnaed theedifmentistiom Fids eptdivac illationd hiE BOHRs. {206E6] Baree different
ICFSC lines (111,119, and H14) that had been expanded in | :
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UM/bFGF/noggin for more than 40 days (7, 6, and 6 passages, respectively) remained positive for
Oct4, but subsequently differentiated if switched to UM lacking bFGF and noggin.
UM/bFGF/nogginessitiszsshESCs continued to express other ES cell marke RS THEARG R og and
Rexl, and the cell surface markers SSEA4 and I'RA-1-60 (data not shown). Even in the best cultures,
hESCs are mixed with a small percentage of SRoOnL: oy differentiniad, cellsedcop8XTERRIBn oW
levels of tm%ﬁﬁﬁ%ﬁ‘%&% (5 #gn%oélérfaeég%fao%cﬁf\g%g-§h unit (CG,6) can be detected in
* CM-culturgg ESicalismintlicdifig¢hdatedsiincamikshpopplpinntdivsls tose Brasltsrrigassh ket
however, was not dete ta?!e in UM/bFGFE/noqgin-cult ﬁﬂzﬁ%ﬁ The e ural-Rinaanier rateers Pax6
égﬁ e f’%‘é%rcﬁpacﬁy ﬂl?ﬂég‘% & endod 4

and NeurSPFEPEREnTS ury, an odermal marker HNF3 a were all
negative ipGiiaamekatvitiGoT tdgginl outlvelish €3 Cadnees tEsdiEheepEagardsing RIBEEF noggin
maintained characteristic ES.cell markers followi pped culikirerm Widition to albumin,

S8 A R e e

~ 2005/113P858EPIOESHRIF TS ef examined hESCs after long-term culture in
UM/bFGRégraginpliSrselisaliorentitinathesisonyiaments thanms e erirsuii P S PPASSgRs. HI and
H14 cells cultured in UM/bFGE/noggin were fr 2L RASsAAesRRidndiis, respectively. 1114 cells
were sub<SEHHEH ?ﬁ%}%%‘fa% 2 %lgl%ltgi%@él%g nsggg% and cu?t%%c} to passage 18. The population
- doubling tjyEoasy perc%m&m@@mﬂm@mﬁﬁbmmmﬂﬁ%ﬁg%ﬁ%%m EIBIEE /noggin for
27 and 18 passages, res ely. were simil : liuged aed

= A TR R S S e

1000411 mo ins pmental potential of hESCs. When treated \@igth Blv24
in CM for 8r¥adayss hinmedidtweifanobdewprevions MR FeerRiamv Amesh Ahrinhorlatopieages
differentiated, intp a flattened epitheliu ¥ R eNsrIstad st il @6d)-i8Jo the
medium, iﬁ’@ﬁ%ﬂ%’ %\%&3%&%&%%‘2%@%&%%%%%%&% (EBs) derived from 111 c‘ellﬁc ltured
in UM/bF GRinegin 1t eblassiiges] an@¥fobnicantrbighin ells @uteraikfadst bttt Bphdblast

marker CG/o a1, markers,0f e HNEE AR Joy i doe i, B law pRbopRaehth, A HAIFS &

ER cells als8 « expressio cell markers Oc14, Nanog, and Rexl. Hl.and H9 cells

cultured ingH¥bi GF40egginl iF Gaod B iefbtigdsyebef Senodlyphpsrborjieion IBMSEEAL SN mice.

Teratoinas exhjbiting complex differentiati dgnthe mi deRIbbRLtRLEN.

[00042]Ul\ﬁ75@é§§5rfg’&dﬁr§§ﬁ?tﬁ§gae§§) %g%%@%picaﬂy %ﬁaﬁitﬁﬂﬁ?gﬁs cultured in

um/ téE((Bj Fmam@%wmgaslﬂﬁgj‘mSGmaﬁb@%’& HREPIRETWORSs %@%gﬁméférkaryotyped by

standard G-banding, a 0$om i fiy
AR RRe S e apHEs SO ab U ch R U i

hybridizatiBif 5§45 ormal karyoty 0043]ES cells cultured in defmed and
humanizegsystenTyrapjnasenifierdedizudiiatitoerg e BhEie hdrthe Eroctiristimlete R
eliminated the need fqr moause-derived feeder cells d HLcontanad {etrlno\inasRidmMerived
albumin eXtERang Y Srete i éﬁéﬁrﬁ%rﬁggﬁzﬁﬁi}%# th(g)|i plate-coating m_ate?ial Matrigel is a
so|ubi|ize%waymWMMmmm@mh@tﬁﬁ@rmagmr%@#@mﬁwg these
animal materials was thou hééjto be aaﬁ{o%%% ﬁedgg%ﬁﬁymgaﬁt&gﬁgmmuman ES

cells. We ReHEFER SRS AR d humanize serum replacement to substitute for the
KNOCKO|EaRarpaieppsesislasBMBaigrmingSigtivity BuxesntirERrheierd S78RS)MhDats

composed, of three human proteins; albumin, insuli I St SO RSIASEEsk HEsEs been
shown thab%ﬁmw&ﬁb%ﬁ&ﬁﬁ9%%%%§%%%%ﬂ%%%§% ES cell culture in the CM. We
then estabfg§EEbR Systew sviuetiechusnensd BBl s gualing i BB s (FEHirklvsadda yiaieusapeia a um
containing 5 X SR3 instead of KNOCKOUT 4 E&g/;;]gl i RApggin. ES cells in
this syste%%ﬁ’&%‘?ﬂ%%“ég)@gﬂﬁﬁg VL e%rgr%t(%tklg?g Elhvee y %%E%gﬁegg roll?adrée_g ore, this combination
- makes up gdsfieinacpuisasireB NP SreadystEhe sepetste s miyiaareascdaithien ducIPefEige sets of
 data, taken together, demonstrate that feeder cells-and itigned medign. cande,awaided by the
use of cultﬁ@mﬁﬁﬁ%ﬁmr%%53%8P§ﬁégeneﬁ%%&%%g%ntagonist, Ii%; noggi%, together with
an FGF. ThemihararastiuepsiobiFcRtuiétmativNogaithard i seleet b ¢ ApdiRTHE Products.
The result is_a highly defineq medium that permit ‘Qf;ﬂ I;ﬁf ﬁpﬂﬂé Eq}gp@ Jors gfavman
embryonic%ﬁ@ﬁ? Eg@dm}ﬂg %?éﬁﬂ&%ﬁ%ﬁ%%%%%%*o t os%]cells,E%%ﬁA%l\’/lgs; 1. A method for
culturing hyRpAsaReBfyenia Righeckian of BRGE (100emmikradagrd BMRBeiERalivg onigTRling the step
of culturing the human embryani m.gells ina mediumd inorgalts ruiARI ipa@cids,
glucose, a?ﬂf&ﬁ‘?@%%?&%}ﬁt &‘3{1 Yhad %ﬁ%o{r{r?éﬁ?g%ogeng%f{pﬁrso%?n antagoﬁist in é}%%gnt amount to
maintain thesiemdpiceinemn indditcontiate Bb@dike activity, which can be reduced by noggin

and/or bFGF.

C
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wherein the bone morphogenetic protein antagonist is selected from noggin, gremlin, chordin,
follistatin, twisted gastrulation, members of the DAN family and antagonist antibodies specific to a
bone morpho&éhsAtdiem. 2. The method of claim | wherein the medium ingtugessidae/ditalplast
-growth factor in a concentration of at least 4 ng/ml. 3. The method of claim 1 wherein the bone

morphogenglc srotein gntaganist is noggin. 4. T ethod of claijm 1 wherein the fibroblast growth
factor is t?@é@f’;@ a con?glr?tra iohor %ﬁ%?%@%gmﬁaﬁwﬁgﬂ t?oﬁ%@%%ﬁ%’%@‘éy
maintaining@etisiirban tagktfefdidé digatitnzoim poitdingun:m eyl e eSS CHuWaRHerskiONIc stem
cells and \ jum.. the eylture medium comprising salts, yitamins, amino_acids, glucose, a
fibroblast%rowt& a%%%}%%}g% %r?gh:%grep 8§85 ?}?rgt’&%g%‘?faq (SIS AE ALY &Nt amount to
maintain dEEsraudiited inaresiontitfoeditialdd-frdescnplepeadantiaie, IS CrqwivyRaing frae of
feeder celg and RAVE!, qgl?ﬁﬁﬁ xpased 1o feeder cells,, . wherejn. the bane morphogenetic protein
is selected from nogglﬁi-,a%?em n, c%g}ﬁlnl,nfgﬁg@?a ﬁ%@%mﬁﬂﬁﬁd 193 5”61% AN family
and antagefimedmigocissspétifddgerssne morphogenetic protein. 6. A cell culture of claim 5
wherein t §JeReE morp i¢.protein signaling antggonist.is n in,.. 7. A cell culture as claimed in
claim 5 o?6%e$ein the meglum%'l%c gsﬁ%%?%%b‘?ﬁﬁ%ﬂ?ﬁ@%&”ﬁ%@eﬁMﬁgﬁ%fQMeast
4ng/m1 ofupiGEnegied vith sty mbmigigedrt £0 S0mT VRGEFetiiea efumdethaegomprises
~ proteins d from up. consisting of albymin, insulin and transferin. 9. A cell culture as
claimed iﬁ?{s?g%r%ﬁ\?v%g%%gﬁé ggt%?ﬁ@ E’Fg HRRSH 248 el numbrtand cutvred farddaysinvherein
the protei@vAre/McoviphaiRESEING. plid nd gaediorUiarsiul SRTFMP REHR Someeligin a feeder
independ lture, the. medium comprising salts, vitamjns, amino acids, glucose, a fibroblast growth
and a borge%n%%;}) R p%‘t!‘gx ed'cfﬂ%f ?1 e Va ARG MO R T nossirdhraandBowth in the
“medium oM/ cotttedhotatin WItherhediaes Ue4d derdaninis ReRadiumg XReserrdRedar cells,
wherein t ne morg&ho?&r}letlcg)roteln ant Om%ls selected from no mh%téaénf:ln, chordin,
follistatin, TWisteq gastrianon e RSEFRE SN %?ﬁﬂfﬁﬁ@‘%ﬁﬂgg@#% a iculaedift to a
bone mofghéiEH optiding i chkirbe gittpaphiaim: Hiulneqinagope: merplagang ieprotein
ANtAgONISYCEAREHE in either the middle (in UM/LFGE) or edge (in UM/noggin) of the hESC
colonies. Increased differentiation also occurred in cells cultured in UM/bFGF/noggin if the
noggin concentration was reduced to 0.1 pg/mi and the bFGF concentration was reduced to
10 ng/ml. The noggin in UM/bFGF/noggin could be substituted by gremiin (5 pg/ml) ora
soluble BMI’ receptor 1A (0.5 pg/ml) (data not shown), supporting that noggin’s effects are
indeed through the interruption 6f BMP receptor activation by BMPs. .
[60039] - Three different hESC lines (H1, H9, and H14) that had been expanded in
UM/bFGF/noggin for more than 40 days (7, 6, and 6 passages, respectively) remained
positive for Octd, but subsequently differentiated if switched to UM lacking bFGF and
noggin. UM/bFGF/noggin-cultured hESCs continued to express other ES cell maficers,
including Nanog and Rex! ; and the cell surface markers SSEA4 and TRA—l-GO (data not
shown). Even in the best cultures, hESCs are mixed with a small percentage of
spontaneously differentiated cells. For example, low levels of the trophoblast marker
chorionic gonadotropin S-subunit (CG/) can be detected in CM-cultured ES cells, indicating
the existence of small populations of trophoblast. This marker, however, was not detectable
in UM/bFGF/noggin-cultured cells. The neural progenitor markers Pax6 and NeuroDI, the
mesodermal marker brachyury, and the endodermal marker HNF3 ¢ were all negative in CM-

and UM/bFGF/noggin-cultured hESCs. Thus, ES cells propagated in UM/bFGF/noggin
maintained characteristic ES cell markers following extended culture.

-12-



13. The medium of claim 11 or 12 wherein the medium further comprises proteins selected from the
group consisting of albumin, insulin and transferin. 14. The medium of claim 11, 12 or 13 wherein the
fibroblast growtio tmosrizs4s=GF present in the medium at a concentration of RCEESRUFBITAL
961081 00004 Sep List SEQUENCE LISTING <110> Thomson, James A XU, Ren-He <120> Feeder

1705 PaiBAersion ¥ S Se EIATA NG LS PPN TR S oS B

PCR PrimggiAR6k dotitiiaeaelgtcaiaiesddg IMAFGFAcAd fot 82 passages. H1 and H14 cells
cultured in UM/bEGF/oggin were frozen after passages 20 and 16, respectively. H14 cells
were subsequently thawed directly into UM/bFGF/moggin and cultured to passage 18. The
population doubling‘tirﬁe and percentage of Oct4" cells of both H and H14 cells cultured in
UM/bFGF/noggin for 27 and 18 passages, respectively, were similar to those for CM-
cultured control hESCs. _
[00041] UM/ FGF/noggin maintains the developmental potential of hESCs. When
treated with BMP4 in CM for 3-7 days, hESCs that had been previously cultured in
UM/bFGF/noggin for 10 passages differentiated into a flattened epithelium and secreted
human chorionic gonadotropin (HICG) into the médium, indicating trophoblast-
differentiation. Embryoid bodies (EBs) derived from H1 cells cultured in UM/bFGF/noggin
for 5 passages, and from control CM-cultured cells, expressed the trophoblast marker CGf
and markers of the three germ layers, including Pax6, NeuroD1, brachyury, and HNF3ca. EB
cells also had reduced expression of the ES cell markers Oct4, Nanog, and Rexl. H.l and HS
cells cultured in UM/bEGF/noggin for 7 and 6 passages, resp ectiveiy, were injected into
SCID-beige mice. Teratomas exhibiting complex differentiation developed in the mice 5-6.
weeks post-inoculation. |
[00042] UM/bFGF/moggin-cultured ES cells are karyotypically normal. H1 cells
cultured in UM/bFGF/noggin for 5 passages, H9 for 33 passages, and H14 for 19 passages
were karyotyped by standard G-banding, and chromosomes 12 and 17 were examined by
fluorescence in situ hybridization. The cells retained normal karyotypes.
[00043] ES cells cultured in defined and humanized system remain
undifferentiated. Although replacement of the CM with UMFN has eliminated the need for
mouse-derived feeder cells, the UM stﬂl contained fetal bovine serum-derived albumin
extract — an incompletely defined component, and the plate-coating mateﬁal Matrigel is a
solubilized basement membrane matrix extracted from a mouse tumor. Thus, further
removing these animal materials was thought to be appropriate to define a humanized culture
system for human ES cells. We first searched fora defined and humanized serum
replacement to substitute for the KINOCKOUT SR product pi‘eviously used, and Sigma’s 50x
Seral Replacement 3 (SR3) which is composed of three human proteins: albumin, insulin, and
transferrin was considered. It hasbeen shown that laminin can substitute for Matrigel fo coat
plates for human ES cell culture in the CM. We then established a system where hu:ﬁan ES
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<212> DNA <213> Artificial <220> <223> Synthetic PCR Primer <400> 2 ctgatctégc cgttgagg18 <210>
3 <211> 20 <212> DNA <213> Artificial <220> <223> Synthetic PCR Primer <400> 3 gcagcacctc
. atcgactaca20 <210> 4 <211> 20 <212> DNA <213> Artificial <220> -

cells were ét_lltpired on }aminin-cdatéd plafes ..and ina UM containing 5 X SR3 instead of
KNOCKOUT SR, plus 40 ng/m! FGF2 and 0.5 p;;g/ml noggin. ES cells in this system also
retained ES cell identity after multiple weekly passages. Therefdre, this combination makes
up a defined and humanized culture system suitable for human ES cells.

[00044} These sets of data, taken together, demdﬁs_trate that feeder cells énd
conditioned medium can be avoided by the use of culture conditions including a bone
morphogenetic protein antagonist, like noggin, together with an FGF. The other constituents
of the culture medium can then be selected to avoid animal products.‘ The result is a highly
defined medium that perfnits the Jong term culture and proliferation of . human embryonic

stem cells while retaining all of the potential of those cells,
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<223> synthetic PCR Primer <400> 4 aattca

23> _ gaag cctgcaagga20 <210> 5 <211> 20 <

f\rtlflmal <220> <223> Synthetic PCR Primer 961081 00004 Seq List <400> 5 ctggacéiiz PRA<2Ls
gaaccactg20 <210> 6 <211> 20 <212> DNA <213> Artificial <220> <223> Synthetic PCR Primer

CLAIMS:

1. A method for culturing human embryonic stem cells in & feeder independent culture, the
method comprising the step of

culturing the human embryonic stem cells in a medium including salts, vitamins,
amino acids, glucose, a fibroblast gfowth factor and a bone morphogenetic protein antagonist
in suFficient amount to maintain the stem cells in an undifferentiated state,

wherein the bone morphogenetic protein antagonist is se}ected from noggin, gremlin,
chordin, follistatin, twisted gastrulation, members of the DAN family and antagonist

antibodies specific to a bone morphogenétic protein.

2. The method of claim | wherein the medium includes the fibroblast growth factor in a

concentration of at least 4 ng/ml.
3. The method of claim 1 wherein the bone morphogenetic protein antagonist is noggin.

4. The method of claim 1 wherein the fibroblast growth factor is bFGF at a concentration of
40ng/mi.
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<400> 6 gtagtcgatg acgcgctgta20 <210> 7 <211> 25 <212> DNA <213> Artificial <220> <223>
Synthetic PCR Primer <400> 7 atgaaggcgg tgagcccggt gcgec25 <210> 8 <211> 25 <212> DNA <213>
Artificial <220> <223> Synthetic PCR Primer <400> 8 tgtggccgtg ctcggccagg cagcg25 <210> 9

5. An in vifro cell culture for use in a method of maintaining cells in an undifferentiated state
comprising in a culture vessel: o

human embryonic stem cells and

a culture medium, the culture medium comprising salts, vitamins, amino acids, glucose, a
fibroblast growth factor and a bone morphogénetic proteiﬁ signaling antagonist in sufficient
armount to maintain the stem cells in an undifferentiated feeder independent state, the medium
being free of feeder cells and never having been exposed to feeder cells, _

wherein the borne morphogenetic protein is selected from noggin, gremiin, chordin,
follistatin, twisted gastrulation, members of the DAN family and antagonist antibodies

specific to a bone morphogenetic protein.

6. A cell culture of claim 5 wherein the bone morphogenetic protein signaling antagonist is

noggin.

7. A cell culture as claimed in claim 5 or 6 wherein fhe medium includes the fibroblast grdwth

factor in a concentration of at least 4ng/ml of bFGF.

8. A cell culture as claimed in S, 6 or 7 wherein the medium further comprises proteins

. selected from the group consisting of albumin, insulin and transferin.
9. A cell culture as claimed in claim 8 wherein the proteins are human.

10. A cell culture as claimed in claim 8 wherein the proteins are recombinant proteins.
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<211> 20 <212> DNA <213> Artificial <220> <223> S i Pri
ynthetic PCR Primer <400> 9 gagtccact
gzgtcttcaczo <210> 10 <211> 20 <212> DNA <213> Artificial <220> <223> Syntheti?: IgCR Pri%ner
0> 10 ctcagtgtag cccaggatgc20 <210> 11 <211> 21 <212> DNA Page 2 <213> Artificial961081

00004 Seq List
11. A medium for culturing embryonic stem cells in a feeder independent culture, the medivm
compﬁéing salts, vitamins, amino acids, glucose, a fibroblast growth and a bone morphogenetic
protein antagonist in sufficient amount to maintain stem cells growth in the medium an
undifferentiated state without exposure to feeder cells or medinm exposed to feeder celis,
wherein the bone morphogenetic protein antagonist is selected from noggin, gremlin, chordin,
foihstatm twisted gastruiatmn members of the DAN family and antagomst antibodies specific to

a bone morphogenetic protein.
12. The medium of claim 11 wherein the bone morphogenetic protein antagonist is noggin.

13. The medium of claim 11 or 12 wherein the medium further comprises proteins selected from

fhe group consisting of albumin, insulin and transferin.

14. The medium of claim 11, 12 or 13 wherein the fibroblast growth factor is bFGF present in the

medium at a concentration of at least 4 ng/ml.
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<220> <223> Synthetic PCR Primer <400> 11 gggaaggtat tcagccaaac g21 <210> 12 <211> 20 <212>
DNA <213> Atrtificial <220> <223> Synthetic PCR Primer <400> 12 ggttcgcttt ctctttcggg20 <210> 13
<211> 23 <212> DNA <213> Atrtificial <220> <223> Synthetic PCR Primer <400> 13 aatacctcag
cctccageag -atg23 <210> 14 <211> 22 <212> DNA <213> Artificial <220> <223> Synthetic PCR

81 00004 seq List

Primer <400> 14 caaagcagcc tccaag@&&@@usnm

<110>

<120>
<130>
<160>
<170>
<210>
<211>

<212>
<213>

<220

<223>
<400>

Thomson, James A
XU, Ren-He

Feeder Independent Extended Culture of Embryonic Stem Cells
wicell (961081.00004)

28 |

PatentIn version 3.3

1

19

DNA _

Artificial

Synthetic PCR Primer

1 _

J— ggtgcgetgt ctgtetgag B : 19

<210>
<211~
<212>
<213>

<220>
<223>

<400>

2
18
DNA

Artificial

synthetic PCR Primer
2

ctgatctcge cgttgagg ' ) . 18

<210>

<211>

<212>
<213>

<220>
<223>

<400>

3

20

DNA
Artificial

syntheétic PCR Primer
3

gcagcacctc atcgactaca 4 20

<210>
<211>
<212>
<213>

<220>
2223>

<400>

4

20

DNA
Artificial

Synthetic PCR Primer
4

aattcagaag cctgcaagga ' 20

<210>
<211>
<212>
<213>

<220>
<223>

5

20

DNA
Artificial

Synthetic PCR Primer
Page 1



<210> 15 <211> 22 <212> DNA <213> Atrtificial <220> <223> Synthetic PCR Primer <400> 15
cctggaggaa tacctggcat tg22 <210> 16 <211> 20 <212> DNA <213> Atrtificial <220> <223> Synthetic
PCR Primer <400> 16 tctgaggaca agcgattgcg20 Page 3 <210> 17 <211> 24 <212> DNA <213>

Artificial <220> <223> Synthetic PCR Prim&glﬁﬁgo&)&&

22 <212> DNA <213> Artificial <220>

<400> 5
ctggacgaca tgaaccactg

<210> 6

<211> 20

<212> DNA

<213> Artificial

<220> ) .
.<223> Synthetic PCR Primer

<400> 6 _
gtagtcgatg acgegctgta

<210> 7

<211> 25

<212> DNA

<213> Artificial

<220> . ‘
<223> Synthetic PCR Primer

<400> 7
atgaaggcgg tgagcoecggt gegec

<210> 8§

<211> 25

<212> DNA :
<213> Artificial

<220> )
<223> synthetic PCR Primer

<400> 8

tgtggecgtyg cteggecagyg cageg

<210> 9

<211> 20

<212> DNA

<213> artificial

<220> i
<223> synthetic PCR Primer

<400> 9
gagtccactg gegtcttcac

<210> 10

<211> 20

<212> DNA

<213> artificial

<220> .
<223> Ssynthetic PCR Primer

<400> 10
ctcagtgtag cccaggatge

<210> 11
<211> 21
<212> DNA

Page 2

t%%%aﬁasctt tcaccgtggt ctcc24 <210> 18 <211>

20

20

25

25

20

20



<223> Synthetic PCR Primer <400> 18 tttatacctc ggggttgtgg gg22 <210> 19 <211> 23 <212> DNA
<213> Atrtificial <220> <223> Synthetic PCR Primer <400> 19 cgtccatctt tgcttgggaa atc23 <210> 20
<211> 23 <212> DNA <213> Artificial <220> <223> Synthetic PCR Primer <400> 20 gagcctcatc
tgaatcttct ccg23 <210> <211> <212> <213> <220> <223> 21 24 DNA Artificial Synthetic PCR

961081 00004 Seq List
<213> Artificial

<220> ‘ .
<223> Synthetic PCR Primer

<400> 11
ggdaaggtat tcagccaaac ¢ 21

<210> 12

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Synthetic PCR Primer

<400> 12
ggttcgettt ctctttcggg _ . 20

<210> 13

A <211> 23

- <212> DNA :
<213> aArtificial

<220> ,
<223> Synthetic PCR Primer

<400> 13 , _
aatacctcag cctccageag atg _ 23

<210> 14

<211> 22

<212> DNA

<213> Artificial

<220> : _
<223> Synthetic PCR Primer

<400> 14
caaagcagce tccaagtcac tg 22

<210> 15

<211> 22

<212> DNA

<213> Artificial

<220>
<223> Synthetic PCR Primer

<400> 15 : ‘
cctggaggaa tacctggeat tg ‘ 22

<210> 16

<211> 20

<Z212> DNA

<213> Artificial

<220>
<223> synthetic PCR Primer

<400> 16
tctgaggaca agcgattgeg 20

Page 3



Primer <400> 21 aagccatgaa cgcagaggag gact24 <210> 22 <211> 20 <212> DNA <213> Artificial
<220> <223> Synthetic PCR Primer Page 4 961081 00004 Seq List <400> 22 agctgtccat .
ggtaccgtaa20 <210> 23 <211> 24 <212> DNA <213> Artificial <220> <223> Synthetic PcR Primer

<400> 23 aacccaactg tggagatgat gcag24 <210> 24 <211> 24 <212> DNA <213> Artificial <220>
961081 00004 Seq List

<210> 17
<211> 24
<212> DNA
<213> Artificial

<220> )
<223> Synthetic PCR Primer

<400> 17
tgagatcact tcaccgtggt ctec ' 24

<210> 18

<211> 22

<212> DNA

<213> Artificial

<220> ) .
<223> sSynthetic PCR Primer

<400> 18 - _
tttataccte ggggttgtag dg . 22

<210>" 19

<211> 23

<2312> DNA

<213> Artificial

<220>
<223> Synthetic PCR Primer

<400> 19 : : .
cgtccatett tgcttgggaa atc ' . 23

<210> 20

<211> 23

<212> DNA

<213> Artificial

<220> ) .
<223> synthetic PCR Primer

<400> 20 '
gagcectcate tgaatcttct ccg o 23

<210> 21

<211> 24 .

<212>  DNA

<213> Artificial

<220> .
<223> Synthetic PCR Primer

<400> 21 .
aagccatyaa cgcagaggag gact 24

<210> 22

<211> 20

<212> DNA

<213> Artificial

<220>
<223> Synthetic PCR Primer
Page 4



<223> synthetic PCR Primer <400> 24 aggggcttca ctaataactg gacg24 <210> 25 <211> 21 <212> DNA
<213> Atrtificial <220> <223> Synthetic PcR Primer <400> 25 ccaagccgcc ttactcctac a2l <210> 26
<211> 21 <212> DNA <213> Artificial , <220> <223> Synthetic PCR Primer <400> 26 cgcagatgaa
gacgctggag a2l <210> 27 <211> 25 <212> DNA <213> Artificial <220> <223> Synthetic PCR Primer
<400> 27 tggcaccaca cctictacaa tgagc2961081 00004 Seq List

<400> 22 ‘
agctgtccat ggtaccgtaa B & 20

<210> 23

<211> 24

<212> DNA
<213> Artificial

<220> . )
<223> sSynthetic PCR Primer

<400> 23 = .
aacccaactyg tggagatgat gcag 24

<210> 24

<211l> 24

<212> DNA
<213> Artificial

— <220> ) )
: «223> synthetic PCR Primer

<400> 24 '
aggggcttca ctaataactg gacg 24

<210> 25

<211> 21

<212> ONA
<213> Artificial

<220> . .
<223> - synthetic PCR Primer

<400> 25
ccaagcegee ttactcctac a _ 21

<210> 26

<211> 21

<212> DNA
<213> Aartificial .

<220> _ ‘
<223> Ssynthetic PCR Primer

. <400> 26 o
cgcagatgaa gacgetggag a 21

<210> 27

<211l> 25

<212> DNA
<?213> aArtificial

<220> L )
<223> synthetic PCR Primer

<400> 27 .
tggcaccaca ccttctacaa tgage 25

<210> 28

<211> 25

<212> DNA )
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961081 00004 Seg List <213> Artificial <220> <223> Synthetic PCR Primer <400> 28 gcacagcttc
tccttaatgt cacgc25 Page 6

961081 00004 sSeq List
<213> Artificial

<220> .
<223> Ssynthetic PCR Primer

<400> 28
gcacagcttc tecettaatgt cacgce - 23
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