CULTI VATI ON OF PRI MATE EMBRYONI C STEM CELLS STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH [ 0001] To be determ ned. BACKGROUND OF THE | NVENTI ON

[ 0002] Thwopnewsed2si nvention relates to nethods for cul POTIUSGOOSOB4BRGE €
enbryonic stemcell cultures and culture nedia useful therewith. [0003]
Primate (e.g. nonkey and human) pluripotent enbryonic stemcells have been
derived frompreinplantation enbryos. See, for exanple, U S. patent
5,843,780 and J . Thonson et al, 282 Science 1145-1 147 (1998). The

di scl osure of these publications and of all other publications referred to
herein are i ncor POUBTEY AMONORTRRIEATE ENBRY ONIGSTEMOCERLBer ei n.

Not wi t hst andi ng prol onged culture, these cells stably maintain a

devel opnental potential to form advanced derivatives of all three enbryonic

germlayers. [0004] Primate (particularly human) ES cell lines have
wi despread utility in connection with human devel opnental bi ol ogy, drug
di scovery, dr SEATEMENT, REGARDENSHEDERALDLY SRANSORED RESE l e, current

know edge of the post-inp]antation human enbryo is |largely based on a
limtd nber<§°Q&éﬁ¢€nﬁﬁgtological sections. Because of ethica

consi derations the underlying nechanisns that control the devel opnental
deci sions of the early human enbryo remain essentially unexpl ored. [0005]
Al t hough the nouse is t heBARKGREYND QI PHE INMHMTIOMmmal i an devel oprrent al
bi ol ogy, and al t hough many of the fundanental nechanisns that control

devel opment are conserved between m ce and humans, there are significant

di f f erjgowgs bet V‘ﬁﬁt[br@s%ﬂt YnvERUSE rélBds femRhods Y lcani®ng prifaiereatbeydricraemES
cell s shoul d therefore provide inportant new insights into their

di f f erceltcitiuties andpdtufrgrmediapsefpbbosvith f f er enti at ed derivatives of primte

ES cel oul d . to._|i i ] usad.to test
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[0004] Primate (particularly human) ES cell lines have widespread utility in connection

with human developmental biology, drug discovery, drug testing, and transplantation medicine.
For example, current knowledge of the post-implantation human embryo is largely based on a
limited number of static histological sections. Because of ethical considerations the underlying
mechanisms that control the developmental decisions of the early human embryo remain
essentially unexplored.

[0005] Although the mouse is the mainstay of experimental mammalian developmental
biology, and although many of the fundamental mechanisms that control development are
conserved between mice and humans, there are significant differences between early mouse and
human development. Primate/human ES cells should therefore provide important new insights
into their differentiation and function.

[0006] Differentiated derivatives of primate ES cells could be used to identify gene
targets for new drugs, used to test toxicity or teratogenicity of new compounds, and used for
transplantation to replace cell populations in disease. Potential conditions that might be treated

by the transplantation of ES cell-derived cells include Parkinson’s disease, cardiac infarcts,



cell cultures. Cultures of such cells (especially on fibroblast feeder

| ayers) have typically been supplenented with ani mal serum (especially
fetal bowoeomaswzy to permt the desired proliferati onpduwniseesssusno
culturing. [0008] For exanple, in U S. patents 5,453,357, 5,670,372 and
5,690, 296 various culture conditions were described, including sonme using a
type Jfveliksomsef dibbastd mellitupr awt leukeninoSet agel. Mossank tdy ahdi7dddturser um

thus. BiPEEr e 254 T e . e PrE AR S s B PR T S e) 30670 t her e wos &
di scum@ogn of prewd BiMgraifsRtivetdpaciey, depsbsieith] potehafll aFee pRilénded cuitaid)al

serumto support the gromh of certain enbryonic stemcells in culture. The
ser uniddrgeizpie stabilite pisdey featwignivid revpeat todhe wiliysafnrimelesmhsyenieplefor e
am nog Ehcc%u es? '&‘:ﬁlt%es%?rsﬁchvéeﬁlggéspgcialgngn AbroBRsPrbd AR 81%? hive t&?icﬁflggﬁéner ren
subst T UTES, one o rore antt oxFdant’s,  one or more I nsul Ins rnsulin

subst suppledSentad@itl bnifidl serodl (Egpgeiallp feallbosdieSseruai)doopenat thewesirdd ace
elenents. It was noted that this replacenment could be further suppl enented
wi t h Proliksaiion duinesielbeylturiagt or, steel factor, or ciliary neurotrophic

fact O(Oé)ghﬁ(ﬂfort UF@J%%PLA &U@B%%%S_3qs7gf,%m§% éﬁg[ﬁ‘! | £965¢£19uS lilture

cultu especi al ose gr i broblast ayers), these
cul t ucanditehsaverle desenbed) imhalisgsorsé asnga yype[cdd®aso fidmblaktegrowth &actorof

nutrient serumcul ture i e.g. fetal bovine seru WD 99/ 2074

i scugenet Wi paal perter aBrgi i, oBiit 'oB ik AfveaEiitle nipberics Tokepech

cul t ufy MEH FHUIBTRCHILMIGR! diractioWaYEr, culture nedia without nutrient serum
are not described. [00011] hi U.S. Patent 5,405,772 growth nedia for

hemat K909kt i ¢ cBl W 3¥30GSrtbenearasavdissusom bl providin grserer-dreelsupplemgetia i s a

suggestion to use .fibroblast growth facitor in.a serundeprive dia for
e Falemet 58 faitiaf PG uoRhe gis%Gh 8 esrhif e By RS St i df St

cel | sSTRé serii@ireplasdifidnd aftlude@ @bldlinsIealhirhit substitaies,eois Mombee ghi@maekls| one

cul tures were grown using a |layer of fibroblast feeder cells, which has the
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[00010] In the context of nutrient serum culture media (e.g. fetal bovine serum), WO

99/20741 discusses the benefit of use of various growth factors such as bFGF in culturing

primate stem cells. However, culture media without nutrient serumn are not described.

[00011] In U.S. Patent 5,405,772 growth media for hematop oietic cells and bone marrow

stromal cells are described. There is a suggestion to use fibroblast growth factor in a serum-

deprived media for this purpose. However, conditions for growth of primate embryonic stem

cells are not described.

[00012] The first human embryonic stem cell cultures were grown using a layer of

fibroblast feeder cells, which has the property of enabling the hum an embryonic stem cells to be

proliferated while remaining undifferentiated. Later, it was discov-ered that it is sufficient to

expose the culture medium to feeder cells, to create what is called conditioned medium, which

had the same property as using feeder cells directly. Without the tse of either feeder cells or

conditioned medium, human embryonic stem cells in culture could not be maintained in an

undifferentiated state. Since the use of feeder cells, or even the exposure of the medium to
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feeder cells and conditioned nmediumis desirable. Mediumwhich has not been
exposed to feeder cells is referred to here as unconditioned nmedi um

[ 00013] Iwocass/3hesef ore be seen that a need still exi sPeTfuseoos@sismé ques to
stably culture primate enbryonic stemcells w thout the requirenent for use
of animal serum BRI EF SUMVARY OF THE | NVENTI ON [ 00014] hi. one aspect the

i nvent feeder peldy ridescontaminhtienh of the gulture Wity ymwentedanaetiplyaviding themseef | s. One

I h lls | . cul . i . f | f |
Cer um ERTSPERSHI oR el Bl o ls G MichEFn Qe F AR, 1) 0

pr esened@icelld Rrebirasto BHrows indoadttiohed Madivivs supplied from a source ot her
than just a fibroblast feeder la [ referred farm thefiblioblast

er hi a,.
feeder 00813y | prieganiherefore bgseenddat aneed st iexists fof tephmugyss te Spblhyycditures
render Y. - I 1 fof 1 .Cl i st growth
fact or&ﬂf‘gtgg%%ff%%ér{gglcgg Qgﬁg@wthé% gﬁénﬁglﬂafélg&g?gtgﬁﬁagﬁ%nﬁ ecul es for
manmmal i an devel opnent. There are currently nore then twenty known

fibrobl ast wt h fact i ' ' ' fibrobl ast wt h
factor receptors ther ef AR SVMERRY. O Tl ATENIRY) ™ Soe "General 1y D
O ni tZiogh1fL 25 HronBla@bect fﬂ%}ﬁﬁ%n%i%ﬁ Bovides %%9&31&)% b RluBab ?ﬂina{% Aty SRié -

Slight varirations in these factors are expected to exi St between species,
and t hstemtchBs. t @new\flivbesthe sistn eptlowt hciltwe essentéallydicesyfmadnemalidmietag serudonever |

we prefer.to use human. fi.brohl ast .growth factor nor e erab human
bas ¢ WRUFBBILAL SOMRHY fike copnpydaLsn g 3 PepBiite BhAbSRRR! ol
conpoupgdiok $hak %&%ﬁe@ﬂ&h'a%ﬁﬁzeioﬂléﬂ daRtiidty Abrebmstfésder B h herdfegbdh ragi es
and others. [00016] It should be noted that for purposes of this patent the
cul t ur terdibyotdast feedbrdlapers previcaslyyequired to fustaia a§tf@tcerlhp@@wgee#ﬁfﬁn@ﬁr@41 t hough a

di screte conpone ... bevi-pe ) been isolated from serum
and t h'él?{lef’eésg%%ga gh%é‘g‘?@"%ﬂg%‘lfﬁ%%‘i %@%%%Msfa‘?&zt when serumitself is
added fgpe1sjar i abFibtdbiast gR&aA Misct@s afetessditidEmeleculeh 7 nomemalianndzvelopaleht.

defined purified conponent(s) of such_ serumis added, th 0. hot, . 5_00017]
Pr ef er &herg arefaugspilyinose m&%ﬁw@% dibeqhlast sxaygh fagier ligan %\:%fgoﬁ‘@s%l%& 198 s
nmet hod ' I : ' ' hat
they: - [BIRBRUEBloH Aol BEMeR (1 A0 ppCR HRSF ReE Rehora[ 87 Orflcd

undi f f eradnp$ atRid]. Sthetre 15293-7 (H196);daSapdtent 5t453, ¥57e Stighi wriabong in thiesei vat i ves

af tor BOTOMGEPELHr<aIvt BFRToEH P et 0 (1Bt P R oY P papaot
tegpggi gaeeicfneg 'iip %?f gg?\gﬁgrwaﬁféf&% L Rimalh@58bREY drswi BctbherptopRfgalgr r ed
human basic fibroblast growth factor produced from a recombinant gene. This compound is
readily available in quantity from Gibco BRL-Life Technologies and others.
[00016] It should be noted that for purposes of this patent the culture may still be
essentially free of the specified serum even though a discrete component (e.g. bovine serum
albumin) has been isolated from serum and then is exogenously supplied. The point is that when
serum itself is added the variability concerns arise. However, when one or more well defined
purified component(s) of such serum is added, they do not.
[00017] Preferably the primate embryonic stem cells that are cultured using this method
are human embryonic stem cells that are true ES cell lines in that they: (i) are capable of
indefinite proliferation in vitro in an undifferentiated state; (ii) are capable of differentiation to
derivatives of all three embryonic germ layers (endoderm, mesoderm, and ectoderm) even after
prolonged culture; and (iii) maintain a normal karyotype (are euploid) throughout prolonged
culture. These cells are therefore referred to as being pluripotent.
[00018] The culturing permits the embryonic stem cells to stably proliferate in culture for

over one month (preferably over six months; even more preferably over twelve months) while
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[ 00018] The culturing permts the enbryonic stemcells to stably
proliferate in culture for over one nonth (preferably over six nonths; even
nor e prefwoablepseeser twel ve nont hs) whil enai nt ai ni ng t hecpatsessioadsiof the
stemcells to differentiate into derivatives of endoderm nesoderm and
ectodermtissues, and while maintaining the karyotype of the stemcells.

[ 0001 gjaintainangahdpotentsy ef thet dhem icellsan tdifferemratesinthederavati véserf emdoderah, of

cul turin ri e enbryonic stem.cells, .One_cyltures t stemgcells in a
cul t urteS o S Er e B Rse. SR i MEdpiFi e Shpebt o
essenfoguiby frem sotpussbt f&'in&%ﬁblﬁ%ro%&s lafloth&lem Bth68 8NEE 1 RIngPrigitaum h
factor capable of activating a fibroblast growh factor signaling receptor,

wher eembrypaictencells £enoeuliusesshe peinaglls ronsutusoensertiadlyHege of meampalian a
fibrobl.ast feed r. Wile. t r h f [ ref erabl fibrobl ast
Ur ot kel G5t EeranflY o cqlBhdfly' i b8P hllolaf il b ALGE BEARIE B OO0 2

smal | ghgfphiftes dapalile opi@blidtaga ﬁ%rdb%@ﬁﬂ@hﬂ@ﬁctd@&ﬁ‘gnuﬁlﬁg' ARRbStoN whEtsi fies )
designed to activate fibroblast gromh factor receptors. See generally T.
Yanag §edivthdacteyiis supphieddiom mejirce gthershan ingbapfiboblpshicrdgy laysee Yitledhe [ 00020]
In ye : ' tJ | : M. f | turing
pr B AR (BRI, A BN A, WiRiche S by e L e B ¢ ot of
supp! icethibyymhdiersniatlgpepiideat (eighprodubeddi) medmbinactdd)NAaspeiants bheutamtd)ur e syst em

 nvendromar ol SoppiRt Heu i ety desatbe T FhaBEiedyas Usi ng
t he a@%V?BfHPt%%%-ﬁlb (%igl@g{hgir[g%egggg] in its broadest sense to cover directly

or indirectly derive I'nes. Variability in results due to.
di ff e[@028F i n buyahesthef aspaétited inyentiom previtieses aebjpravysiaie thr cElivtimgprimate has

b di d_t hat i dj : i mal whi | ' f.brobl ast
or ont APEARGYtemegh i Baehie B EnER e Y Bohg ropist By athe [nthge °°
t her efiQy orapladd¥aiet B98r. ofhd ARy SERAL isichitailifed 6f MMM @l t ure

conditions for primate enbryonic stemcell |ines where the conditions are

| ess V@023bl e aNdt pwtharaspast ef e finventen provisies agll LimsHereferablavlangdselbf t he

Pl o e AP B e o R TR o PR BBl i B R e RBGS B IR0 o
of t her frdidcety dxgived piged.ment s one of the inventors here used the nethods and
culture s¥stems of the invention to culture_ human ES. cell Iineﬁ w t hout

addi ng0R22]im t o Verabiliy ingeeiltyslye tadiffergmces igSatchgs efanimalsepnishersby el |

e R A L S S R A b o s R A ey
fibroblast growth factor can increase the efficiency of cloning.
[00023] It is therefore an advantage of the present invention to provide culture conditions
for primate embryonic stem cell lines where the conditions are less variable and permit more
efficient cloning. Other advantages of the present invention will become apparent after study of

the specification and claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00024] In some of the following experiments one of the inventors here used the methods
and culture systems of the invention to culture human ES cell lines without adding serum to the
culture medium. Two clonally derived human ES cell lines proliferated for over eight months
after clonal derivation and maintained the ability to differentiate to advanced derivatives of all
three embryonic germ layers when cultured in a medium without serum as a constituent.
[00025] In another of the experiments set forth below, it has now been demonstrated that
the addition of relatively large amounts of a human fibroblast growth factor (FGF) aids in the

culture and growth of human embryonic stem cells, even in the absence of both serum and
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three enbryonic germlayers when cultured in a nmediumw thout serumas a
constituent. [00025] In another of the experinents set forth below, it has
now been weornewsased t hat the addition of relatively | acgasamsostsso of a
human fi broblast growh factor (FGF) aids in the culture and growth of
human enbryonic stemcells, even in the absence of both serum andfeeder

cel | &edaeds. pEhigipernitsibe cultungoé sigin selds thatkdveqeyerheeh syposed edhertie eninggt posed
either,to.animal. cell,s or 10 dia,in i.ch i mal , cel | ve. been

cul 1 i R i S Carfinal G TRELS v iR SRR P iol Cel 1 s and
no cosdiitidrRifies noeekdentelar@df ®hdatbried Mediemy srefrefghed tb herepemeke: . Pri or

cul ture conditions have been descri bed, based on the use of nedium

condindepsidantyiPrier pelge corditips hayg haenseacithed cbasgd gn e yssef@pedivipe . However
t he . i 4] i: BaTol® t ‘i‘l&ieenﬁ on the use
of f ge ét?gnggﬁ‘?gl, ge{e/\ﬁ%?ggu%lﬁ%gtg §%e usgesgég%e\{%%ﬁd ?It%i“%?glghe rr%glfum The

t echoomglitdmed escliinh ddeshert ecspivedithe dbperideded omtteaisanfl fded exdeils, whielp etilde nt

| t f h b [ t L 1's havi ! | Kk t yp! dwthth
St e TS} PSP R RO MBI LB f esmiquse dSRToTd RGBS tHOPE e B al
der i Y&Héﬂﬂdeﬁ%lj(‘lén‘t' _Flz_x‘?lturé BEheah %ﬁb%&nﬁékteﬁ{‘céﬁs Hab g HoRA1 lgal'?ggt%é aﬂ_ldh\gﬁh HO vere

descri bed | honson et aL, 2 Sclence 1145-1 147 (
expetherstam seldesmainbrputselfeentidede conducted with this and other cell |ines,

but ocesses and results.are independent of the particul.ar ES cells
i 'e [0V02B005 7 Tbnten S 3t il A BRRE A RE. aftiehet St R 8 BnERietgy owe b
fact gy ceff @ B9l wisie idBscribed e} ITheaisoaretand2 @l 9aem@ alshuompigse)cehes. The
addition of FGF is inportant in two distinct regards. First, "the addition

of Feeamentsdlsperihed beioat wereecogduatedgrith shipardether ealidines) hul the mpcesses and
undi fferentia I LN Lum devoid of serum At this |evel,
the Ia és %r% lﬁeﬁe%({régﬂ&ﬁgg%%ﬁg#§Fﬁeces]tsgﬁ%%(sfeII is slowed, conpared to | ower

| eve[0ef] FGF, ItligidestiBeditdrt shatitel adiliion uptibaobihst fromen ficadr FGBRad i the t he
addition of FGF at higher |evels makes_the culture conditions qf the nmedium

f eedepltivaipased loning efrhuman ES gelise e Hlae additipn obFeF g guportat Bt twg distingt

i ndefinii.e i .91t r i jl@%nfl 1 human ES
cel | géglg#l&sbﬁ&ts{t@g .rbtdﬁ%%’gzdg?@h%{srh I rs%qg‘ﬁ(gélgﬁg%oﬁé/ﬁlsl e I%{%&&&%lfg?%gﬂact uat ed
by t hediffetentiated hum@rESrcellnirea mediumy devéid dEGErune cApthix levelnthehatebfiman ES
cells...To avoid.the use of serum it is not rticu critical .which of
Che AOABIHORER Sl relbis soed. damiparen v Biipves ot PR bt sl mall” o)
bFCF ey hpMy ieiBnifite. FSEcdndlyS tHe QUERIY o BGH at Righer 180éls nfakegHhy cARGRUSE DFGE
is one of the readily commercially avail able menbers of the FG- fam |y of

f act oomslitionsrof thelraeditumehaeder didependemit, ICHafranicbgerreeibategeduited db el to

dent] k8 Al SuBpbRhS) SRS Bt diiFErehtifiBd RYAMn BS cells in culture.
[00028] This first phenomenon is believed to be actuated by the action of FGF in

interacting with FGF receptors in the human ES cells. To avoid the use of serum, it is not
particularly critical which of the many knovwn FGF variants are used in the culture. Here basic
FGF, or bFGF, also known as FGF2, is comxmonly used, but that is only because bFGF is one of
the readily commercially available members of the FGF family of factors. More than twenty
different FGF family members have been identified, and they are referred to as FGF-1 through
FGF-27. While the concentration of FGF here is given in amounts of bFGF, it should be
understood that this is intended to quantify the amount of stimulation of the FGF receptors and
that the concentration of FGF may have to be adjusted, upward or downward, for other members
of the FGF family. For bFGF, the preferred concentration of FGF in the ES cell medium is in
the range of about 0.1 to about 1000 ng/ml, with concentrations in excess range of about 4 ng/ml

being useful to avoid the need for serum in the medium.



FGF-27. Wiile the concentration of FG-F here is given in anbunts of bFGF it
shoul d be understood that this is intended to quantify the anmount of

sti nmul at iwo 2066/3625FG- receptors and that the concentrarconsedosp&sioay have
to b e adjusted, upward or downward, for other menbers of the FG- famly.
For bFG-, the preferred concentration of FG- in the ES cell mediumis in

t he r[@AQA91of abbupridnglysiphaghegn fawsiGheigprihe segonk atheterm F&IE igha hppmaness

f /.m ' : _ K
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of FGF has sone criticality. For this purpose it has heen found that when

the demveldithansedfonbothsemni andyfeedar cellrp malmae the ewlfuge fesday denendent kot ¢j ent
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me nbemﬂrﬁﬁmfz 4rd lEEﬂi)suﬂfcﬁﬁﬁ at F«[G:]ngml oFGHtute toamallcdriﬁE h;lﬁlaalﬁs c@gldulgné féadieg nt t at
100 . culture to e e hu c cujtu e L endent .
By cnisneatent; Byisabiastanbren loHAhREOT FamymaBhe FO derdts Ee  Far)
FGH Slfj(;gldf b3, FEES, rEE G GIFSFGRST 681 0,6 @, FEPTS 6andFfi 90 apBdof GF 20 are

not Icient at 100 ng/nl to support feeder independence. W believe, but
do nowufficies api @degml daseppottifatder nslepesiahtess Ws balievehbutalof mot hgvobréSem | s not

|t of trati dt i gh tratjor f..th ticul
For it R RTROR BB TP ks 1g creaer crhaepaiin et " our
dat a &ue&fstiend bethe phrtichlad FGEWo wdiHE nBEdittded iFSpoupiofct Serhitperdenss | |

culture but the data has been slightly nore equivocal. [00030 he exact

m ni rigdr BGROunur deta suggeets that af this loval i Hi re/wi) supperthhvman B edbcyligire

suppqr.t human E | 4: s fee . ndependent in culture is not known with
preciQDsuitghe &a%t%a?%ﬁ)éa%ﬁlsfﬁ%}t@brﬁ?rece ﬁvggzﬂdet ermned by enpirical testing. It is

know00030] for TiFekacthitim4l Aadint of theddfeckieoatingts wé TGINthat itk suffice to
insufficient for the indefinite maintenance of euploid undifferentiated
humarsUpBow Brman B8 cells asifeedenipdapendend i gpitere ismotlagpvin VR @1CiSIPRAE FHY IS i s
Suffici ) . - e \ sz

i 150 S e Bl B G T B s
passagediam dlovm is e fiiveédt Somihb indefieit¢ maintgnabegefireupvid nhdifesntipétdchurhan our

hands, the ability of dj ture ES cells t i nitel
inal 178 Fafin pisirenaile ST B8 T Ok FHER SIS o s HETEERT VAN E s eels o0’
for a%rolv‘ﬁ%ﬁ tin&dnditRARE ARBRMBbAMSIni BRI PRSI FaN a¢hid unbitbheseateat ed,

eupl ofrd and whil e maintaining the characteristic norphol ogy of hunman ES
cel | ssonistims,cudiperhaps a passige entsioc thewoHe will eeentuaty begiarto ddferpatiatie In our

ggrfgl{]%nh(’si,éhg EtHﬁI}%c% e@%tgﬁ i%tg%ﬁﬁi%gﬁ;%-egﬁ tc? P a(i)rli }ndteﬁl%terf}g iuﬂ&ﬁt%laerﬁ%?atgci aIP(P man ES
euploid is demonstrated when the cells are cultured for at least six passages while remaining
proliferating, undifferentiated, euploid and while maintaining the characteristic morphology of
human ES cells. As used here, a maintenance concentration of an FGF is the concentration of
that FGF necessary to support the maintenance of human ES cells in an undifferentiated, euploid
and proliferating state for at least six passages. For FGF2, the minimal maintenance
concentration is between 4 ng/ml and 100 ng/ml and the exact minimal maintenance
concentration can be determined by using the protocols below to interpolate those amounts. For
each other effective FGF, e.g. FGF4, FGF9, FGF17, and FGF18, the corresponding minimal
maintenance concentration for each FGF can be determined by similar testing.
[00031] Human ES cell cultures in the defined human ES cell media described below in
the examples can be cultivated indefinitely in the complete absence of fibroblast feeder cells and
without conditioned media while remaining euploid. The ES cells are thus truly feeder

independent. The human ES cells retain all of the characteristics of human ES cells including
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and proliferating state for at |east six passages. For FG-2, the m ni nal
mai nt enance concentration is between 4 ng/mM and 100 ng/mM and the exact
m ni mal meonb@nBREe concentration can be determ ned by eerrup2a0se34not ocol s
bel ow to interpol ate those anounts. For each other effective FGF, e.g.
FGF4, FGF9, FGFI 7, and FGFl 8, the correspondi ng m ni mal maint enance
concerdhagactaristit ororplad hgyrGhalland semgactavith indigtingt cell menahranesy preliferation o]

Human ES cell ., c ures, i.n the defi u ES .cel | . medi esqribed below
e ne e g SRR flo T Eaer Hhaht Tt pst Find R Roper BB BN

fi br okdefis twifl @@ etatitthe ShatctemitichBatith&oaai foire AR three fiimovdial R11Mgysd Whee
euploid, The ES cells are thus tr ul)ﬁ1 f eeder i ndependent. The human ES cells

r et ai ringetedgntoripaneioaearenrentised npise. of nugtieArethe & qells retaindhe shiidPact eri sti ¢

or phal. _ . b
prol i f‘{éﬁgﬁl@%ﬁﬂ@ﬁ% %%E"e&eéﬁ{‘ﬁ?ﬁ%?@i"%% #@?éﬁﬁg’{e B8 ér?iué gﬁlg%@gﬁ IS a1, the
cel | tipgrsativerof IBS céllstatus jsudly as dtpeedsionmd theSnwédal srandckiptionh faetor@ad, whith is
characteristic that they can formall three prinpordjal cell yers when

i nj ect¥eOGiHES WithRINGRYRYo nilsRtEhapidas pxqeeﬁa?\nﬁia&uﬁ a0, Thofairpay %@ Pells 1e@g;

t he abj]. ILfferentiate into ectoderm nesoderm and endoderm The ES
cel sths(ﬁrta}/kégﬁ%{ﬁ{ mar kers indicative of ES cell status, such as
expression of the nuclear transcription factor Cct4, which is associ ated

wi th pluripotency. Throughout the process and at its end, the human ES
cells retain normal karyotypes.[00032] EXAMPLES [00033] In the first
experinents described here human ES cells were plated on irradiated (35
gray ganmma irradiation) nouse enbryonic fibroblasts. Culture nmediumfor the
present work consisted o f 80% "KnockQut" Dul beco's nodified Eagle's nmedi um
(DMEM (G bco BRX, Rockville., MD), 1ImML-Gutamne, 0.1 nM

b- mer capt oet hanol , and 1% nonessential am no acids stock (G bco BRL,
Rockville, MD), supplenented with either 20% fetal bovine serum (Hyd one,
Logan, UT) or 20% KnockQut SR, a serumfree replacenent originally

optim zed for nmouse ES cells (G bco BRL, Rockville, MD). The conponents of
KnockQut SR are those described for serumrepl acenents in WX»8/ 30679.
[00034] In alternative experinents nedi umwas suppl emented with either
serumor the aforesaid serumreplacer KnockQut SR, and either with or

wi t hout human reconbi nant basic fibroblast gromh factor (bFGF, 4 ng/m).
The preferred concentration range of bFG- in the culture was between .1
ng/mM to 500 ng/m . [00035] To determ ne cloning efficiency under varying
culture conditions, H9 cultures were dissociated to single cells for 7

m nutes with 0.05% trypsin/0.25% EDTA, washed b y




centrifugation, and plated on mtotically inactivated nouse enbryonic
fibroblasts (105 ES cells per well o f a 6-well plate). To confirmgrowh
from si ngve 2@ld3sv260r the derivation of clonal ES cell Ipcmaso0sngiste dual
cells were selected by direct observation under a stereom croscope and
transferred by mcropipette to individual wells of a 96 well plate

cont 400032y nNoOUsSEXAMPLERI ¢ fi brobl asts feeders with nedi um contai ni ng 20%

1 Bl R N e T L e e
Rockyis by MMhmaSirididReh ifodeledibri&it FiBfdbits. dhilted medianhiobtieqdteseritavarhl XX
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20, one wmt transi ocation to the nunber 4 short arm and one wi_th

mul t i(ply€ldnea droman i Th ar 26 sagliont SR, a sqrum; freegreplapement origingHy ppdmarzedfor
deri vat i H9. cel. i b ted | ' |
cpr cdmg s e Cibi i Rt Pl R Gy ApYRER SR O SR ABSET™,

ES celek&ided - Q¥ fdp¥acdfefifsiin We0l9g/B0679.e conditions that included ani nal

serum was poor gegardl_ ess of the presence or absen‘ge_tﬁf bFGIE?. W al so
obseri08084 hat i in elfmatiecgrperisrnis MM Seas SHPRIfRCRIPG Hithgither serin Ax fhe

I ncreased...and | r I [ hesh | shed
that R A RO R By e R R
generfilroslast giowthffaquar (FGH, amghel)p Tha pfdeaidd ¢atemmptivheange@iibiiGFaf thaman ES
cul tures. [00038] The g@%a exBergfsed below is the total nunber of col onies
r esul iltyEp Wes Rewes- ha lda20P peMES cel | s pl ated, +/- standard error of

t he per cerl, £oLARYe SbRR dé& in inWetiurd Q¥ digba, ISebulusdsd no
bFGFr@Rg% was gtoruecécu t eoﬁbgl%g%%}cﬁ% : \?V&f%a}ggg/\o/cser um and bFG- (at 4 ng/m)
t he reavldisserintabutinglheckaive 7 n2if0tes with1R05% trypsia/ Odide BOT Asfwashed Bar um

(presence of .20 serymrepl acer). the result wth.no bF S, 6335 and
the resSHpPSAeR agé@iatﬁéggﬁgo%g}ﬂ_ly glfgtwﬁi?ﬂsryogs&emrg \}%%%qvg@asg (?g(:]??’dc e?:ﬁéoni ng
effi g;'&e?rxk?e}‘loﬁ@@-&él?pm S §BGRnAfm LhevBFMm binglchrllahsensdervatise biiciohat ESn
added synergistic benefit insofar as cloning efficiency. [00039] The |ong

t er m aslil lings £ ingkividuateoellE @ eresalestedrby dizechplssvation yndey e FFERIBICSORORC RBGUI r e
t he addi ti on, of exogenousl! ' QA .
addi t' %Jﬁ%eé"re %E@“fr(?%?ee%ﬁ?g é'lgi‘k{g&r% :“ﬁegls ﬁg | Sr‘ﬁ?e?il %éé@%g@%ﬁé%@? {lj?écéant hcr ease
humangbiebrstd feell@Biwith @bdingi @naining 20% serum replacer and 4 ng/ml bFGF.
[00036] Clones were expanded by routine passage every 5-7 days with 1 mg/ml
collagenase type IV (Gibco BRL, Rockville, MD). Six months after derivation, H9 cells

exhibited a normal XX karyotype by standard G-banding techniques (20 chromosomal spreads
analyzed). However, seven months after derivation, in a single karyotype preparation, 16/20
chromosomal spreads exhibited a normal XX karyotype, but 4/20 spreads demonstrated random
abnormalities, including one with a translocation to chromosome 13 short arm, one with an
inverted chromosome 20, one with a translocation to the number 4 short arm, and one with
multiple fragmentation. Subsequently, at 8, 10, and 12.75 months after derivation, H9 cells
exhibited normal karyotypes in all 20 chromosomal spreads examined.

[00037] We observed that the cloning efficiency of human ES cells in previously
described culture conditions that included animal serum was poor (regardless of the pres ence or
absence of bFGF). We also observed that in the absence of animal serum the cloning efficiency

increased, and increased even more with bFGF. It has now been established that the addition of



However, in serumfree nedium bFGF increased the initial cloning
efficiency of human ES cells. [00040] Further, it has been discovered that
suppl yi ngvexogenses bFG- is very inportant for continuesgcurusedosmsemnti at ed
proliferation of primate enbryonic stemcells in the absence of ani mal
serum Li serumfree nedi um | acki ng exogenous bFG-, human ES cells
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m ce. [00043] Both H9. 1 and H9.2 cells fornmed teratonas that contained
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[00041] The results perceived are particularly applicable to clonal lines. In this regard,

clones for expansion were selected by placing cells individually into wells of a 96 well plate

under direct microscopic observation. Of 192 H-9 cells plated into wells of 96 well plates, two

clones were successfully expanded (H-9.1 and H-9.2). Both of these clones were subsequently

cultured continuously in media supplemented with serum replacer and bFGF.

[00042] H9.1 and H9.2 cells both maintained a normal XX karyotype even after more

than 8 months of continuous culture after cloning. The H-9.1 and H-9.2 clones maintained the

potential to form derivatives of all three embryonic germ layers even after long term culture in

serum-free medium. After 6 months of culture, H9.1 and H9.2 clones were confirmed to have

normal karyotypes and were then injected into SCID-beige mice.

[00043] Both H9.1 and H9.2 cells formed teratomas that contained derivatives of all three

embryonic germ layers including gut epithelium (endoderm) embryonic kidney, striated muscle,

smooth muscle, bone, cartilage (mesoderm), and neural tissue (ectoderm). The range of



therefore highly desired. [00046] Feeder I|ndependent Culture [00047]

Addi tional investigations |ater were directed to the culture of ES cell

i nes i n Woghewosemacentrations of FG- but in the absencecofusb@si3ses um and
feeder cells. Three different nediumfornul ati ons have been used in this
wor k, and those nmedium fornulations are referred to here as UM OO, BW+ and
DHEM i ffdteatiatomenbsbatd pethidMh@Oeratdmasof the highoprssagedtiat amddiUshceds Was ch has

been added. 100, ng/m of. bFG-. The UM di um does _co i Nt he G bco
Kno&?HWa%&@ﬁp%g)aﬁ?ﬂg mﬁ%ﬁﬁ@(“%?ﬁ“&é@sﬁﬁv ASpaRE it ?%ﬁlraec H%’r e the use of
fibriobdagt feadefoutehd sppRéciand foMdhe doeriBlibh ab®Raithutvi/Bild asialal SErdhiin
( M F12) plus additives, described below, that also permts the culture

of cmppertive phstewth édsle compllexmixute thaj eanfealamegrpeuadssioth bengficia gpdcer

rodyct . tl t n . | Al em
Gl 1 fpRf o e AR MRl oo SRS P TRAPR e
cul tawilety t6 keppoRd/igettus indifiepdritatgdrmblifepativn affhuafanitesllER eplhding wiruie bei ng
conposed entirely of inorganic constituepts nd _onl hungn.gg teins, as
oppokid clsatlydefinad s tFRRReCIHA AT AR liho 'rﬁﬁﬂﬁlaﬁéﬁlﬁtfe M St ure of

TGS i, N Su1tal Rtk Ldde Ml ORARM GfaHRL000 481aitdM €O medi a was

ol Tows: la (U

h
prepared as uncondi ti one M consi sted of 80% (v/v)
DVENBO4S]( G bcurthey,ithe hgen)clamdg 2086i¢ncinih nietihok cottaideng seRapsueggests the

O rotany ohsmdmbgs P ahe P pargried sirhy Mol A b A o B bR rE
am %élg&gé}gﬁgﬂéﬂﬁﬂk@eﬁéz e lih 5 QOB Bingld el W(ﬁ&iﬁg RSuSEef thedDEbmisHuds G-
was ‘added and t -

e mediumwas filtered through a 22uM nylon filter
( Nal thereére hghdpdsiBi4+ nedi um was prepared as follows: 16.5 ng/nl BSA

(Sig 196 ny/ sul i,n | gma), 108 ng/m Transferrin (Sigm), 100
ng/ nﬁah‘?—@‘l: 1%68113{1]:“&@%@6 Eéﬁﬁgr | nvitrogen), 0.1 mM b-nercapt oet hanol
(Si gmed471and  LXAMABEASHEL Shtidil 1ar kiréldizéaekio(tht belaide v ES ogelinesiar e

conbi ned i n DVEM F12 1~£G bco/ I nvitrogen) and the osnolalit s adj gﬂst)%ed to
340 highenoahedntmhipneed FGH et e ahsengs of heth serurg apd fped gr sa%%». ge SHLRtFHy | on

sa e R AR Ghons R thin B ER b i BoRE iRy Dt U rforif® 1o,
ng/ Mo HekGis UMTH0 gBM-aard TBHEMb dihe | nowi dne gera Y TM D0 (L refides [to mcomditiontdhanol
(S gr?lgc)lihmltooﬂ)vgﬁgﬁIslgseg]etein%lddgén 1 88 na Irilldofs thC&IK The UM100 medium does contain the
Gibco Knockout Serum Replacer product but does not include or require the use of fibroblast
feeder cells of any kind. The BM+ medium is basal medium (DMEM/F12) plus additives,
described below, that also permits the culture of cells without feeder cells, but this medium
omits the serum replacer product. Lastly, the name DHEM refers to a d efined human embryonic
stem cell medium. This medium, also described below, is sufficient for the culture, cloning and

indefinite proliferation of human ES cells while being composed entirel’y of inorganic

constituents and only human proteins, as opposed to the BM+ medium which contains bovine

albumin.
[00048] Culture of human ES cells lines H1 and H9 in UM100/BM+/DHEM
[00049] UM100 media was prepared as follows: unconditioned media (UM) consisted of

80% (v/v) DMEM/F12 (Gibco/Invitrogen) and 20% (v/v) Knockout-Sexrum Replacer
(Gibco/Invitrogen) supplemented with 1 mM glutamine (Gibco/Invitrogen), 0.1 mM f-
mercaptoethanol (Sigma — St. Louis, MO), and 1% nonessential amino acid stock
(Gibco/Invitrogen). To complete the media 100 ng/ml bFGF was added and the medium was
filtered through a 0.22uM nylon filter (Nalgene).
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(G bco/lInvitrogen), vitam n supplenents (Sigma), trace mnerals
(Cell-gro(r)), and 0.014 ng/L to 0.07 ng/L selenium (Sigm), were conbi ned
i n DVEM RAD 2068/d36251 nvi trogen) and the osnolality was ascuatseassss3et0 nOsm
with BMNaCl . It is noted that the vitam n supplenents in the nmedi um may

I nclude thiamne (6.6 g/L), reduced glutathione (2ng/L) and ascorbic acid
PO4-[OM)5m, t h@Mwaﬁahmthqb&pw&ads ifslldvie 1680nyMmIBSA §Sicond), b6 pgmlof Trace
El ements B (Cellg (r), Cat # :MI 99-175-Cl and C (Cell-gro(r), Cat # MIr
99- Ingipi (ﬁigre@cw&)mg/thcwsf@rmbGSagag) 406 ngOul bFGRH| umMpglutamines” wel | known
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[000 human enbryonic stemcells previously growing o n I\/EF
L@g‘;[éﬁﬁllg%% c fibroblast) feeder cells were nechanically passaged with

d' seees1]l M/HEMARIRIARAL RERedViM follg®hs: (Bseiginl BiSak( Sigan), Bedignd, M) .

Appropri ate medi umwas changéd daily until cell density was determ ned to
be ddedira(Ségrigy 1¢%)p/nidssmferriOEipnane0e ngfehbiiaE slagdt glvtanmint spase as

described and nmintai ned on Matrigel (Becton Di cKki ns%) [0005 %owth
Rat d&ibesomsuioges), §et B meeroaBtlogHEReHSISPR), o7 PRATEITIRY ABMOAGHSPRE vari ous

medi 1b§o%k/ﬁro\%{1ﬁe A | Sggferﬁerﬂ Eﬁgfn\él 4 ac@ xiaf%( ;11%0@| éﬁ{sm Iﬂé)L

triplicate In e cu
t he thro.() mgAl elamdhrh §Sigarad wesataabined m DWW&MO{I@V’bﬂo@rﬁ\aﬂd rtlm’:gen)
i ndi vi dual i zed
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cel i, densleiinPhaf Rl deAhMmi B (68! Q/Ef ‘i‘é‘ddced Ehﬁatﬁﬁ)&‘le ZZ@?AL%ﬂSascWM&&l@ ad

been trypsin processed, were analyzed surface markers Cct 4,
SSEAQ.. a;ﬁh%o Ttha traﬁ@mmgprﬂs\@schnnﬂhysm@hu@m@ hombineomef Erassi Fleaenis B (rell-

ramafiobsCact T POt aC Pl o BERRLHTEN it ARtk o bR st

Attag bﬂ?ﬁtsoﬁfﬁﬁ”ﬂ@ﬁ W8RG N -Epth@%heché]ﬂ T@cé BRnantsB g 0t c sithid tﬁé séihgan ES
cells in the various nedia cells were plated at a density of x 105

cel | enmpsisitionras £levahidls Traess Bleraenttlgnd Lhirespeetieelyy ey Clwelﬁm%wﬁm Pogd,
f t d
ot ok Beignd b Lo, ol S 2R L B s Sk R MRERA tnBEN 2"

coung.2ZuM Hytsefiltt (Bhigere) Finally, sterile, defined lipids (Gibco/Invitrogen) were added to

d

complete the medium.
[00052] H1 or H9 human embryonic stem cells previously growing on MEF (mouse
embryonic fibroblast) feeder cells were mechanically passaged with dispase (1 mg/ml) and
plated onto Matrigel (Becton Dickinson, Bedford, MA). Appropriate medium was changed
daily until cell density was determyined to be adequate for cell passage. Cells were then passaged
with dispase as described and maintained on Matrigel (Becton Dickinson).
[00053] Growth Rates
[00054] To determine the growth rate of human ES cells in the various media, cells were
plated at a density of about 5 x 10° cells/well in triplicate in 6-well tissue culture dishes
(Nalgene). On days 3, 5, and 7 the triplicate wells were treated with trypsin/EDTA
(Gibco/Invitrogen), individualized and cell numbers were counted. On day 7, additional wells
were treated with trypsin, counted, and used to re-seed a new plate at a cell density of about 2 x
0’ cells/well. The day 7 cultures, which had been trypsin processed, were analyzed for ES cell
surface markers Oct4, SSEA4, and Tral-60 by FACS analysis. Growth rates were collected for
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were perforned to examne if the UM OO growh rate data was due to a

conbi nation of better cell attachnent and sl ower growth as opposed to

equi val enwogn@aasbozsat es for UM OO and CM W found t hat patrtusednsmsis10

per cent ages were equivalent for both nmedia at all tinme points tested.
Thus, they grow at the same rate.. [00057] FACS Anal ysis of human ES cells
[ 00058torskemive pSssagds. Srowetheateenperaderfts shovath@t WM 100tdudtured buinpo B gelllat e
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for 3 ) ture in 50 mM of secondary antibody (Mol ecul ar
Probegﬁgh\{/}}ey%%%‘gﬁfmeé%&?%ﬁél ysis was perforned in a Facscalibur (Becton

Di cki [090587] cel | FAGStAnmalysid ¢f ieddn@esdlsSof t war e (Bect on Di cki nson). This

met hod for perfqorm ng FACS analysis. allo one. to detect . cell .surfac
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t he calih.ot A7%. dfhexSlisatere dibyped mtdncayualFeiump of BASISBUfEEOPBSSERY0 RS 1T al - 60,

h f d f Cct- 4 h |
L eat BA% SoEmeAB RN e (brovdheh R ! ol HEmmer Flesri nP RS VAE cel I's
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W t happropriate antibodies 1n agaln w thout Triton.

undi f t@rsendre fitked fdrS 0aein| atAM°Cuné shepetleryede abitacteddB%esoabed. VERE BS cthese two
cell surface markers as well. This was denonstrated b%/ed:@%aanal ysi s

IS
di sc ugx@wem@@ed[i@@g@ﬁA@% Byfferand total cell number was coun
hemacytometer. Cells were pelleted as described and permeablized for 30 min. on ice in 90%

methanol. Human ES cells were pelleted as described and 1 x 10° cells were diluted into 1 ml of
FACS Buffer + 0.1% Triton X-100 (Sigma) in a FACS tube (Becton Dickinson). hESC were
pelleted as described and resuspended in 50 pl of primary antibody diluted in FACS Buffer +
0.1% Triton X-100 (Sigma). Samples of appropriate control antibodies were applied in parallel.
hESC were incubated overnight at 4°C. Supernatants were poured off and cells were incubated
in the dark for 30 min. at room temperature in 50 pl of secondary antibody (Molecular
Probes/Invitrogen). FACS analysis was performed in a Facscalibur (Becton Dickinson) cell
sorter with CellQuest Software (Becton Dickinson). This method for performing FACS analysis
allows one to detect cell surface markers, to thus show that you have ES cells. The result
observed was that human ES cells cultured in UM 100 were 90% positive for Oct-4 as a
population. This is comparable to CM-cultured ES cells and confirms that the cells are an ES
cell population. For the analysis of SSEA4 and Tral-60, the process was performed as for Oct-
4, except that the cells were not treated in paraformaldehyde or methanol. After cell staining,

the cells were re-suspended in FACS buffer (without Triton) and analyzed as described with
12



[ 00060] Cells of human ES cell line H have now been cultivated in the
UM OO nedi um for over 33 passages (over 164 popul ati on doublings) while

r et ai ni ngwoheoemsssol ogy and characteristics of human EBctaisk@sobisicel | s
were cultivated in the BM+ medium for over 6 passages (70 days) while
retai ning the norphol ogy and characteristics of human ES cells. HI cells
have g@edpriatd dntivadieslin m@ﬁﬁwmdgumvdlmbuomv()ﬁ Tha sisdiffesenfiéfediB§spll H9 and
H7 human ES cells were also cultivated in

undi fFeivEssaveegef dhot 80%gosisive foythess we cgl aufﬁaf'f f%g%%@@%’e}les i faSel y.

Subseguie and WM OO0 cul tured cell's established nornal
karyotyp@guatﬁggg%ﬁs%ﬁa 1S fuorrrsa of FGF [00062] Human ES cells of line H

wer e [00D59r ed uRebelts st andard conditions in conditioned nmediumfor three

e e ook A S B s AR e
swi tCﬁ?@vé&ﬁﬂ&@s rg@s%ov@?ﬂé%dﬂﬂﬁau@ﬁﬂbuﬂ Qﬁﬂe fetainihl Qh@ﬁlﬁf;ﬂxrolbﬁﬁaﬁ@ | S Wer e

cultured In the respective test nedia. human E line HO was al so
cul t uchadhctamistibs ofi yeiani BS eablsd i @H@Wemsmlhvaﬁ@i mfthelBNbbg@é@l@% e W e bei ng

tched t d
ot naptEer 610 Supai Fetiding e RoRLo By eh@ B e s SEhmal ML AR SRIDE
densi ¢diRhalybéca tulthatedan DHBVITRédM for @kaeys)passag@s Meldlayi)l $Huend H7thumearpl at es
and then the cultures were treated wt m _Di pase

( G bcBS cells wersglsa)cultiveted-ip UN HR mediym lam@ndrffﬁéelﬁaﬁéééat% H%B%Sﬁméd and
repl aff?as\é\ﬁv%eg rgsﬁégtw(%ﬁ/ BH? eg'RéHt ?é%ﬁhgt)fthgrﬂﬁ- A @R AHGD- -cu &gc@ll edibIRhBgt te,
ce | Ca

t he C renove romthe tissue ture plate and then
di spensath] kyrypiyped. ting. The cells were then pellet ed | n a clinical

centrifuge for es a 00 rpm The pellet was then re-suspended in
an ap[ﬂo@g}fl ate %‘Hflﬁﬁg%oﬁfﬂsﬁége}%m and replated at desired dilution. [00064]

The for”Ui{éﬁqhH@sVM%ﬁs spn% A1 Gtk QliRRSd LdiRP sthiard 8bREEGAY DT FGF added.
The bas d| umwas UM OO, wth the FG- being variable depending on the

desir ecmdnt&med owdiing lfcnmhre&'pessagetslhﬁarﬁ Heingrewitahédintibe (et medias thog thetgsh added

to the nedi t100 F EGEL 1 (] ad
For) | Sl oefoaitd rboondioptd ledifin Rl hoig ey phigP Wiy, ©
FG-16heREGr Hedla':t%ﬂlgxt d ﬁda?/ 1)F@31Q:aftep°thb cﬁ@?ﬁer@@ﬁﬂ’u@ﬂl i€ hesespeativeessei al |y or

produced in reconbi nant hosts.[00065] The conpetence of .the particular FGF

f or m mediay ;T[h@ﬁmmnﬁ‘@rpeﬂgm@éﬁ wes s pdlgireghen Madragsd lraeqr@w@aéwms%éa’gﬁve The
condi 1} ons Wk Glp i8S Swhtiddss uledesHRRRL fn JAWIRY ES cell

[00063] The cells were passaged using the following procedures. The cell cultures were
grown to suitable densities (which took approximately 7 days) in 6 well tissue culture plates and
then the cultures were treated with 1 ml Dipase (1 mg/ml) (Gibco/Invitrogen) for 5-7 minutes at
37°C. The Dipase was then removed and replaced with 2 ml of the appropriate growth medium.
Using a 5 ml pipette, the cells were mechanically removed from the tissue culture plate and then
dispersed by pipetting. The cells were then pelleted in a clinical centrifuge for 5 minutes at
1000 rpm. The pellet was then re-suspended in an appropriate volume of medivam and replated
at desired dilution.

[00064] The media formulation was consistent other than the selection of FGF added.
The base medium was UM100, with the FGF being variable depending on the desired test
condition. The following FGF variants were tested, each added to the medium at 100 ng/ml:
FGF1 (acidic FGF), FGF18 (isoform of acidic FGF), FGF2 (basic FGF), FGF3, FGF4, FGFS5,
FGF6, FGF7, FGFS8, FGF9, FGF10, FGF16, FGF17, FGF18, FGF19, FGF20. All FGFs were

purchased commercially or produced in recombinant hosts.
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culture supported cultures that proliferated appropriately in an

undi fferentiated state in culture, independent of feeder cells, could be
passaged woheatdsevesy, and continued to express the humamrCESSe@slo34rar ker s
Oct 4, SSEA4, and Tral -60. The conditions which were judged not to support
human ES cells in culture gave rise to cultures in which significant

di f f ejoe@3]at i orTiefcontpetcned bbthepartepa F6ift fohy teoeupph/hmgiandlS obl enltaes on, and

the cells were unaletop i ferate n _col.on passae The E |ants
whi chW%Stjﬁﬁgﬁdt"éH’ sqage LAt CQl pueV e weredRatecRpRi I E R T TPl 8.

Th m]&lg SRR e Gﬁﬁug@l I
aneuncgf tl‘zdte sté?%%\ﬁ(lgelggm BMIP Bﬁn ﬁé%%%ld@g}g@%@7 FGFZ "

FGFI O,ndﬁ@ﬁdﬁj,t oFGéﬂergzeHchboﬁrd:maSE'&ged p&scmvpb/ fami cqnﬁ@uﬂéw exprese the Bgr@nadded

were | th roced t

T kel 5S¢ L’Eﬂaﬂéﬁsgg%pﬁm%ﬂ@&"@fg%gﬁg nfic an‘gwe“sedB%% nbf 10 B °
undi ff,ghents 881Rdn faumme B 66 toultlires M Which. s1§nﬂﬂﬁﬁﬁdlfﬁfenhﬁ@oﬁl’o€$lﬁl&ellsl ne,
medi a suppl enent ed ﬁ FGF4, FGF17 and FGF20 have supported

undi f Wes appaieat bldm@mm&pml ebsarvation: andehe gellsiyerg anghie foprol faxatesupnuscolatyni | ar
replicate HO
ona HERHER, Ak TR b ot Sifpowdy ndih E8 G Bull, RURRGRE BBy, GRE7

p Lgs Sﬁﬁd PGNES) ghﬁiFGll?sarm 'WHﬁh‘Qllid ﬂzﬁ(iup}hﬁvmamdnlandfee@fhhe hurhen iBScqilsehenr ed )
enbodi nment s. er forns his_concept are alsg in the
scopeunshifengatiziedsiaie W%FGEialﬁ%FbB gk % Gloe gﬁgﬁngﬁWf @g%%éﬁh‘? m%] 'basi ¢
fibr f p(Fpg

i sol gﬁ ﬁ% @%ﬁ&tﬁéﬁﬁlﬁgﬁﬁal%hﬁﬁ al so g%e E’ﬁeirr%a ‘mﬁﬁ E{l}?{lﬁfenr%& %{hese

t echnUporefepsiting the piosedlpe ot/q:maistlﬂdalyethﬁt(fGlFHs supplenmmtddent 160 shgimhean pllso mat e

cell cultures, [00063! Thu; e.clajins should be | ooked to in order to
j udgesuppertupdiffeseniiaie § i YIS ndustrial Applicability [00069] The

pres e[iioob@vent ' APHRHR b&%ﬁn@%m&@pfp%n&wdtwm PGmemmﬂn’mmm Havst em
cells culture dia for use thérewth. MS We claim 1. A method of

cul t usuppgrtedmmdiffenshtiatehhoman Bfcelk Icuques;@ﬂ}ﬂ P@isrfgf 8 passegasi g miles repligsiesel | s
2, FRP A S S e AT S bR s G s
transigf ¥ hikses espectively.

[00067] The present invention has been described above with respect to its preferred

embodiments. Other forms of this concept are also intended to be within the scope of the

claims. For example, while recombinantly produced human basic fibroblast gro-wth factor was

used in the above experiments, naturally isolated fibroblast growth factor should also be

suitable. Further, these techniques should also prove suitable for use on monkey and other

primate cell cultures.

[00068] Thus, the claims should be looked to in order to judge the full scope of the
invention.

Industrial Applicability

[00069] The present invention provides methods for culturing primate embryonic stem

cells, and culture media for use therewith.
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transferrin substitute, insulin or an insulin substitute, albumn, and a
fibroblast growh factor that is supplied froma source other than just a

f eeder | ayeno@ndei2s present in a concentration that is @&cThmsaes/0as1hi gh as
t he mai nt enance concentrati on, the nedi um capabl e of supporting the culture
and proliferation of human undifferentiated proliferating euploid enbryonic
stemcells for at |east six passag€SAIMS hout the need for feeder cells or
for exposure of the nmediumto feeder cells. 2. The nethod of claim1l,

wher eVV§ A& cul ture is essentially free of any animal serum 3. The method
of claim1 wherein the FG- is selected fromthe group consisting of FG-2,
FGF4, FGF9, FGF17 and FGF18. 4. The nethod of claim 1l wherein the FGF is
FGF2 whi chl.i s pAesatimd wfmdmengbdmalmﬁlabr}iomsﬁ@mmﬂs sompisipg:hod of cul turing

hunman enbryoni.c em cel S. in f| ned I, t

f eeder cel‘?/“g ﬁi‘%ﬁé&%‘ 8 SSendia YSfPe\M& %%ah?’ﬁrf#gfe Pﬂn%\agﬁéul ture
medi UG QEfl @iifirB el iﬂcﬁldu?g"@.rﬁﬁlo%i(ﬁ Svitamih@ a1 mindrale) tedrs ferdh ot @aast one
transferrin or transferrin substitute, at | east one insulin or jnsul

subst ransfesrin sihstituie, tugudin os an insuba §‘éb$€1ﬂ’é¢’la’y3umléeaﬂéfa @%Yﬁ]?ﬂ&?tl gpwhdpgtord é?tu m

and c.ont ai,ni f r
c apablrs g4 Pﬁl ggﬁ’ R gts?urge Sthfg P "?s vv\ty % { %Jag Sl g na%?r%éﬂ'}f%{g)e 6?%? Rfat
wher €lefisttah ﬁl@ra@\ﬂﬁdﬂmﬁmﬁdn@ﬁcd cﬁm&kiﬂﬂhbﬁ cthé frmmum capableof stpertingitha cpllslte a

feeder |layer, the medium supporting the proliferation of ste s, in an
undi f fneihiifcsatien of iEman fpdiRGLAtieied et RRIRg WO GRIFY iR S8 F%’f 8t The
met hol%aﬁf }#a% ?wﬂ'}{%ﬁ{ ffl%'ﬁeédafoq lef HilsY fSle ngoéd?@b%@?netdlﬂﬁn eTRkyRpi C stem
cells I'n culture over one l e mai ntaining the
poten&ﬂbl of the sten1ce||s to dlfferentlate into derivatives of endoderm
mesoderm and ectodermtissues, and while maintaining the karyotype of the
stemcells. 7. The nethod of claim5 wherein the FG-F is selected fromthe
group cons) st | ngnoheftlde ofafifi4, whefeth thE Gikire Gk GFAG froB of Anglibiarie of
human enbryonic stem cells conprising: human enbryonic stemcells; and a
st em sgbh. nedi um cont ai ni ng al bum n, am no acids, vitam ns, nlnerals, at

| east one transferrin or transferrin substitute, at Ieast‘one i nsulin or
insulin substitute, the culture

3. The method of claim 1 wherein the FGF is selected from the group consisting of
FGF2, FGF4, FGF9, FGF17 and FGF18.

4. The method of claim 1 wherein the FGF is FGF2 which is present in the medium
at 100 ng/ml.

5. A method of culturing human embryonic stem cells in defined media without
serum and without feeder cells, the method comprising:

culturing the stem cells in a culture medium containing albumin, amino acids, vitamins,
minerals, at least one transferrin or transferrin substitute, at least one insulin or insulin substitute,
the culture medium essentially free of mammalian fetal serum and containing at least about 100
ng/ml of a fibroblast growth factor capable of activating a fibroblast growth factor signaling
receptor, wherein the growth factor is supplied from a source other than just a feeder layer, the
medium supporting the proliferation of stem cells in an undifferentiated state without feeder

cells or conditioned medium.
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medi um essentially free of mammalian fetal serum and containing at |east a
mai nt enance concentration of a fibroblast growh factor capable o f

acti vati nyoaodadzsebl ast growth factor signaling recept oPCTIUSR00S3®EHSWON
capable of culturing stemcells indefinitely in the absence of serumand in
t he absence of feeder cells and also in the absence of nedi um exposed to

f eeder cgﬂ.:c fs M&eﬁahdsﬁ(lj dhdaiaus twiieeinsaidapahirmgodteprimichtdas theregntrhenis stem cel | s
in an_undifferentiated state indefinitely with normal karyorype, 9. The

Ul (A PBH e RS UL ST oV RS PGP Rl P ERIRE iR P aiod O Stah Pl | s

Pr €3 mffér&tralﬂeei AR & eﬁ&’&ﬁeﬂ% IRt PP fan@lecloBash 1igRey land Yhieg/ M . 10. A
culture of teeder 1 ndependent human enbryonic stemcells ‘conprising human
enbmyginiamisg thmkaglobypeiof tlee g¢reweldsl | cul ture nedium the stemcell culture
medi um conprising al bumn, am no acids, vitamns, mnerals, at |east one
transferrin or transferrin substitute, at least one insulin or insulin

substitute, themeGHEthed 6f BN 5 WIRESE H PGS b8186e@ FrofbiidRrdd coneistthg SET UM
and containing at | east a mai ntenance concentration of a fibroblast growth

f actR§iF% &Gk BGTPr Iar t handgf@HB.consi sting of FGF2, FGF4, FGF9, FGF17, and
FGFl 8, the culture being independent of feeder cells while the cells
remain euploid and in an undifferentiated state. 11. A culture as clained
in clai mglo whekginge bhBuhbhbemblyasic @EmWdilsicatippisings present at a

concentration of at |east about 100 ng/m.
human embryonic stem cells; and

a stem cell medium containing alburmin, amino acids, vitamins, minerals, at least
one transferrin or transferrin substitute, at least one insulin or insulin substitute, the culture
medium essentially free of mammalian fetal serum and containing at least a maintenance
concentration of a fibroblast growth factor capable of activating a fibroblast growth factor
signaling receptor, the medium capable of culturing stem cells indefinitely in the absence of
serum and in the absence of feeder cells and also in the absence of medium exposed to feeder
cells,

wherein the culture is capable of maintaining the stem cells in an undifferentiated

state indefinitely with normal karyotype.

9. The culture of claim 8 wherein the fibroblast growth factor is FGF2 which is

present in the medium in a concentration of at least about 100 ng/ml.

10. A culture of feeder independent humian embryonic stem cells comprising
human embryonic stem cells in a stem cell culture medium, the stem cell culture
medium comprising albumin, amino acids, vitamins, minerals, at least one transferrin or
transferrin substitute, at least one insulin or insulin substitute, the culture medium essentially
free of mammalian fetal serum and containing at least a maintenance concentration of a
fibroblast growth factor selected from the group comsisting of FGF2, FGF4, FGF9, FGF17, and
FGF18, the culture being independent of feeder cells while the cells remain euploid and in an

undifferentiated state.

11. A culture as claimed in claim 10 wherein the fibroblast growth factor is present at

a concentration of at least about 100 ng/ml.
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