O 2006/036925 PC:'rffU$200e1034510 CULTIVATION CEP PRIMATE EMBRYONIC >T CELLS
STATETMENT REGARDING FEDERALLY SPONSORED RESEARCH 100011 To be determined.

- BACKGROUNR; Qfss 1t EWENTION 100021 The present invention relqﬁtﬁjé -2@{1&%3 for culturing
primate embryonic stern cell cultures and culture media useful therewith. [0031 Primate (e.g. monkey
and human) pluripot t embryonic stern cells have been derived frnies preunp? titian embryos, Se, for
example, LT.S; patent 5,843,780 and 1. Thomson ci .1" 352 Science 11454147 (1995). The
disclosure of these publications and of all other publications referred to herein are incorporated by

reference as if fully set forth herein, No v\/j_r},_stand_' g prolonged, culture, these cells stably mobs a
developmental potential W?&W&@%@%éa ' %I%?N&%M§%%erm layers. (00041

Primate (particularly human) ES cell lines have widespread utility in connection with human
developmental biology, drug discovery, drug testing, g, and transplantation medicine. For example,
current knowledge of the post-impantation human embryo is largely based on a limited number of
static histological s&dtiohgyiBa¢E s ot RIHIS 6l TonEidadawd s tHeSatgayiRGEAREHanisms. that control
the develcgh@ég@@tal decjsigng.of.the.early human embryo remain essentially unexplored. 100051
Although the mouse is the mainstay of exp m. b nahan. developmental. biology, and although smany
of the fundamental mechanisms ;that control development are conserved between mice and humans,
there are significant differences betwesmeartysmouse gixdhumangevelopment. Primate/human ES
cells should therefore provide important new insights into their differentiation and function. [00061
Differentiated derivatives of primate ES cells could be used to identify gene targets for new drugs,
'used to tggtiakicity ortbrategenidityeaf newicempoumntlsiaid used fopdnanspidntatiansterreplace cell
populations in ‘%gzg%%__se., Fé %@%&”%&9&%&@% Eg;ght be treated by the transplantation ofE s
cell-deriveg'ce_ S mcl%? e Pinson’s disease, cardiac infarcts, WO 20061036925 PC'T/i $2 05103SID
juvenile-ofiEiBHiabete$ rinelitus; amebiduiemiduBen)ViyiRoss btmiaystic ERNatilkdiaBidschnology 23-4

(1999) angeé&&%@ﬁ#gré Rgience 10612 @298). [00721:L ang termypraliferative LaPALINsn

developments! poten er prolonged culture, and karyogplo stability are key features with respect
to the ut“ﬁ%ﬁof%?rﬁﬁ%@mﬁ %’?ﬁg@%@}, The disclosure of these publications and of all other

publications referred to heveln are incorporated by reference as if fully set forth herein,
Notwithstanding proloriged eulturs, these colls stably maintain a developmental potential 16
formis advanced derivatives of all three embryonic germ layers.

{0004 Printate {particularly human) BS cell lines have widespread utility in connection
with human developmental blology, drog discovery, drug testing, and transplantation medicine,
For example, curfent knowledge of the post-implentation humen embryo is jargely based ona
bmited number of static histological sections, Because of ethical considerations the urdertying
mechanisms that control the developmental decisions of the sarly human embryo remain
sgsoriially inevploreds

[0005] Althongh the mouse is the mainstay of experimental manunalian developmental
biotogy, and although many of the fundamental mechanistus that control development are
consorvied between nios and umans, theve are sigoificait differences between cardy mouse and
human developraent. Primate/human B8 cells should therefore provide fmportant new insights
into their differentiation and finction.

[0064] Differenitiated derivatives of primate ES cells could be used {o idenfity gene
targets for new drugs, wsed fo test toxicity or teratogenicity of new compounds, and used for
transplantation o replace cell populations in disease. Potential conditions that might be treated
by the transplaniation of BS cell-derived colls include Parkinson’s diseass, cardiac infarets,



cell cut ws, Cultures' of such cells (especially on fibroblast feeder layers) have typically been
supplerraented with "n ral serum (especially fetal bovines ) to permit the desired g. proliferation during
such culturing. . 100081 For example, in US. pa ntTs 5,453,357, 5,670,172 and 5,690 296 various
culture conditibisWEEH &S cribed, including some using a type of basic. %%E%W%Wih factor

together with animal serum. Unfortunately, serum tends to have variable properties from batch to

batch, thu@%&@m@@@ﬁ&ﬁﬁ@%ﬁ%@@t&%ﬁ&@&@%é@ﬁ@ 96/2067 9 there was:a discussion of
providing a soils-- me f raal: um to su ipport the growth of certain err
:nyoraic s% o %ﬁg ?g%%p §§ﬁ deiu ¥ C}é’gﬁ %tz 51???‘3? i(%'{}tél&%d% f'db"ssoralbumin
substitute$(#17§ or moieagime aoitissreihe: cgrigréaitiopins;laneormdreist srokfigditutdsiane or ;
more . omgg@ﬁ; i@g@g}%&lﬁ@ér@"%ﬁ%%%a“ |s Q%%J@g,ﬂgp Fmgme? oII N precursors, and

one or more trac ements.’It was note acement Urthe upplemented with

leukemia i Wﬁfa@téﬁi@ﬁéﬁl %@%ileéﬁemrgﬁaeerﬁbr@éw ﬁ@éwi@ﬁﬁ}éﬁﬁaﬁnﬁ%ﬁmm context of
primate en goiallythose.grawn.on fikrphlast dreder layers), these

culture medla dld not ov tlsfacthy 000101 In the context of tzutrienr sereun culture media (e:g,
fetal bowmgﬁfﬁfﬁ 5/, -fiﬁgt‘é‘@esses the benefit of use of various growth factors such as bFG1/

in culturlng@mgnate ster eellspowever pauiyreasesha, wtmma@ﬂ@mm@m asanetdeseribed.
f000111 In U. tent 5,405,772 ith media for hemsa gietic nd bone marrow strornal cells
are describal Them e g‘ﬁssﬁg%ﬁégéf%?fu%%g%ﬁ%@%@t@%ﬁ%ﬁé%ﬁ@ﬁﬁﬁﬁﬁhﬁgﬁ?ﬁed media for
this purposescHoweles gosiditions fonigrom yimatednmbiyenicastdin cells-are ot deshribed.
[00012] T%ﬁ&%{%&%@ﬁ ¥%§ %ﬁ&&g}! tures were grown using a layer of fibroblast feeder

cells, which he property”of enab ing the human embryonic | stem cells to be proliferated while

Uitifferentiatt @&t@tﬁ”f?m@dﬁée@e@%&eﬁ Iosuficiehttorepusehlsediire medium

retutsmnn@

to feeder ¢glis 196508 ik, hadithe 52 eRrONeHkAsS using

feeder cells dlrect ' g t out the rlse felther feeder ceIIs<or conditioned medium, b an embryonic

stern cells% ?@8%@%%%’?@%%&3%% TSRATHE WS Reder

cells, or evemtheexpos it 2 deedsfestsufigksieencof theeuiiyewmyanted | av id

agthe use le
9 fie or more ingaling or msulin substitutes, one or maore collagen precursors, and one or more

trace glotiends. It was noted that this replacerment could befurtheér supplemented with loukemia
inhibitory tactor, steel factor, or ciliary neurotrophic factor. Unfortunately, in the context of
primate embryonic stero. eéll cultures (especially those grown on fibrobiast feeder layers), thess
culiure medis did not prove satisfactory,

100018] In the context of nuiriont sorom cultnds midia (g fotal bovine senum), WO
99/20741 discusses the benefit of use of varions growih factors such 25 BFGE in cultaring
primate stem cells. However, culture media without nutriont serumn are not described.

iRl In U.S. Patent 5,405,772 growth media fof hematopoietic calls and bone marow
stromal eells are deseribed. Thers is 2 sugoestion to vse fibroblast growth factor in a seram-
deprived media for this purpose. However, conditions for growth of primate embryonic stem
cells ave not deseribed.

jo0012] The first nwnan embryonic stem call cultures were grown using 2 layer of
fibroblast feeder cells, which has the property of enabling the hum.an enibryonic stem cells to be
proliferated while remaining undifferentiated. Later, it wias discovered that i# is sufficient to
expose the oulfure meditm to feeder eolls, fo create what is called conditioned mediu, which
hadthe saime property as using feder vells directly, Without the tese of either fecder cells or
conditioned medinm, buman embryoniv stem colls in culfure conld not be maintained in an

undifferentiated state. Since the use of fesder cells, or even the exposure of the medinm to
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feeder cells and conditioned is .. 1e. Medium which has not.hem to feeder calls is refer ito here. as am
et. medium. 100013 It can be aeen, that a need stall exists for tec' tins to stably culture Priffia e
mbwonic:stemcells without the . -mouse of annual scrum [0013a] In a first aspect, there is provided a

method of cigkasiBerR AN g kg Deigteraeals dp a culture
18 nclu

a4ty ? )
essentially f%eg_oféﬁéamgq ell culture medium INng amino acids,
vitamins, safts; r , HHER Mishhrsroahamsamesdsatitute, albumin,
and a fibroliedi:geiisiirésen

e

foted thhtds supptings Q1R e other than just a feeder layer and is
presentin el ntratign that is at least a Qgéghas %1
capable ofasfu‘ppg ting tt?te_%ﬁlgure angaﬁro | ér-_a‘lcﬂj‘ of

QIR

r .maintenanc cpncent_r_ation,,the__medium
%‘ggﬁiﬁﬁ%ﬁ@ﬁﬁ&%&w%ﬁm euploid

embryonic gremrssistiyent asrslis pabsapis rombontsiidinasd ddanfeatieneaells or for exposure of the

medium t r cells,.and yherein t man e ic. ﬁg@ C Itured using this method are
at least 98‘@? g%ajifferentl]ﬁateé%%ég i@%@%&%ﬁﬁ%@%ﬁ% or ra?%(?y[%]gl%ﬁﬁlg%%géﬁ@ %‘%&ecct, there
is providederhfedis ¢ OPBURIEN G HEHAE EmbiyBhieistam tamtindesisadatiedracvathoamserian and
without feegder cehan thadpthodeampeisingin sy g the iSlans el S & Chlfidie Medism capriaining
albumin, amino acids, \4{jtamins, minefals, at least one transferrin or transferrin: su&?stltu,te, at least one
insulin or TSR s FBEHERR" te? T G BES e HATRHT RS @ TR TS et 4 SERIn 3
containingfitroidast ateuh fabmgthat 6f adilplioded fsbgravdinfactotieaphite of activalindaadthmablast
growth fagtor signaling receptor, wherein the growth. factor is supplied. from a source other than just a
e lay B R e B S R M o

feeder celBwH@BndiRohkd dhetlinnorangl Wise paifiise BmarrEftAyonio'stevmeellvnéiiferadalging this
method ar&aﬁﬁ%%@%@m@”&%ﬁ@ﬁ%ds@m BARER% QChhsDEAA QLI kB[00 3ckdpasthird

aspect, there is provided a culture of human embryonic stem_cells _comprising: human embryonic stem
cells; and FEENPLEIHETEHR LIREMiHG FIEER AT £50s, MRS it PR R ORAE Bie
transferrinsenirasitfestimseb sidiute fiat |east@hardnsulinar fusulimsifsitilge thenduttures s estitim
essentiallysgg%%f n rrggm%ian fetal serum and containing at least a maintenance concentration of a
fibroblast grow FActot capable of activating a fibroblast growth factor signaling receptor, the medium
capable oft@dltting stedm a second aspect, there is provided a method of culturing human embryonic

stem cells in defined media without serum and without feeder celis, the method comprising:
culturing the stem cells in a culiure medium containing albumin, amino acids, vitamins,
minerals, at least one transferrin  or transferrin.  substitute, at least one msulin or insubin
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 1s 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 mediwm, and wherein the human embrvonic stem celis
cultured using this method are at least 90% undifferentiated and express Oct-4, SSEA4 or
Tral-60.

[0013¢] in a third aspect, there is provided a culture of human embryonic stem cells
comprising: uman embryonic stem cells; and a stem cell medium containing albumin, amine
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 contaming at least a maintenance concentration of a fibroblast growth factor capable of
activaiing a fibroblast growth factor signaling receptor, the medium capabie 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 m an undifferentiated state indefinitely with normal karyotype, and wherein the

cultured human embryonic stem cells are at least 90% undifferentiated and express Oct-4,
S8SEA4 or Tral-60.
3



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

undiffere state i f| aI kar 0 and e cult hum embryonic
stem cellgﬂa?ge§8 Ieast A)%n réntiate ‘an. x‘;’)@%éi 60? Q’g Atth eg‘F néjefﬁfgg

fourth asy@brmﬁesrgrpmaéa@mmémmbmmet@mamMstem iaqlbm‘ststem&zhki&
Comp“S'@Se%@ﬂ%&ﬂ&ﬁ%'ﬁ%iﬁ@ncﬁiiiﬁ%éﬁ%ﬁﬁ%&%ﬁ&%ﬁ&'”h%ﬂﬁrétexﬁ]x??ﬁ Ul %s%‘ed'“m

comprising albumjn, amino acids, vitamjns, minerals, at'least one transferrin or trans errin substitute
at least oFRF iHaRRIF SR SRt BiRuERFPES AT AT cons e AT Anseie sUsEH AR thiaw Retal serum
and contaisifigmtdeastialmairnienancemeencantaiionoha Wroklasharawth f%%@ras%ﬁﬁtﬁeﬁzfxﬁ@én the
group COﬂSISté%% OI%G(I): N %%;rof)ll FtGF9 EG 1?6 a%% F%BFI the culture being independent of feeder
cells whilé the ce S femaln euplo TS at3e5  $087 T e En i SR A B dridf éxpress
Oct-4, SS8ER4 A6eFPr 60 BRIEFSHBE YiIGF-TDE: | MENiRdDehierf00] Mdbiscleledysii hethod of
culturing priate:eHkaYaBie SIBMCS!SQnsodie,stem &&'iﬁl%tiﬁe?%/ 1 Lepriuallvlse of lgintowim
fetal aegum referably also essentially free of any aturnal ) and'in the r ce of h-oroblast growth factor
that is suéﬁ Hebhee. other than Justefibroblast feeder layer. In a< ferr . form,
the. fibroblastfeedm layer, R Jranryesiroalture, is mod unnecessary by
the addition ff s%éent last; C% ctor [00016] Fibriblastgrowtnfactors sre essectial for mammalian
developmen re are ﬁﬁ‘ﬁmw&%ﬁm‘?ia@i’mds and.five sl, fiiluablast gr
factory epttrmﬁ@&v@hsmt@ m@mmmmwa heih:de? 924 £4086), 'D,S.
patett 1153%% am; factDM. are cte to =at between, skies, and thus the
o 4P @%?%we pré%érw?%" Y R P Bt g rwth

term 1i blast growth factor is not -species If mited. Howe
btedbtikg. e, This .

factors, mor@ﬁ%ﬁéﬁaﬁlﬁ‘@mﬂ@%m%ﬂm&&m&mﬁ fieyen. dreeosh
- %&:]éy%&iould be noted

is readil3t aye fabisiRsaRaaiL PS8 ~Lraab

that for purposes of ta,rs pate { the culture scat/‘stillbe essen fla y fr o# ti‘ie speci-ed. serum even
though a dis [?gl%ﬁ%é@ &R BTy &eHEen isolated from, am=, and then is

exogennousipasiipplies. Pbaspainmiswhnan ﬁﬁtmﬁmdzmﬁwﬁgm Temmnalier dovelopment.
There ave currently mons then twenty known fbroblast growih factor ligands and five signating
fibroblast growt factor receptors fharefor fand their splicad variants). Ses peneraly D, Omiz
et 2l 25 1. Biol. Chem. 132927 (1996); U8, patent 5,453,357, Shight variations in these
factons are Sxpested 1o exist between species, and taus the term fbroblast growih faotor is a0t
‘species fimited. Howsver, we prefer 1o use humen f

readily availabie in quantity from Giboe BRL-Life Technologies and ofiers,

[oa6Ls] ¥ should be noted that for purposes of this patent the culas may sl be
sssentially free of the specified serom even though & disorete component (e.z. boviae serny
albumini) has been isolaied from sermm and then & exogenously supplisd. The point is that wien
serum itsell'is added the variability concems arise. Bowever, when ons or more well defined
purified coraponent(s} of such-serom isadded, they do not.

08017} Ereferabiy the primate embryonic stem cells that eve onltred nsing this methad
are human embryonic stem cells that ave true BS cell Enes in that fhey: (i) are capabic of
indsfinite proliferation in vitre in an undifferentiated state; (1) are capeble of differentiation fo
gerivatives of all three embryonic germ lavers {endoderm, mesoderm, and ectodenn) even after
prolonged cultre; and (i) meintain s nomal keryotype (are eupioid) throughout profonged
culture. These cells are therefors referred fo a5 being pluripotent,

0b018] The culturing permits the embrvonic stem cells to stably proliferate in colture for

over one montli {preferably over six months; even more preferably over twalvs monihs) while

kY-



serum itself is added the variability concerns arise. However, when one or more. well defined purified
component(s) of such serer madded, hey do not, [00017] |?reierabit=tire primate embryatic.stem Celts
that are culturedgasingdhis-nethod are human embryonic stem cells that are true ES call Imes in that
they: (i) are capable of indefinite proliferation in vitro in an und|fferent|ated§a‘fgswghpable of
differentiation to derivatives of an three embryonic germ: Iayers (endoderm mesoderm, and
ectoderm) W%WMMH%&) fifietnitaaninnniariatielsreasg.auploid) throughout
prolonged GlaliiSynl L8 : %ﬁ@ﬁg (! a Bbeing piurip: tﬁ% 00018 The culturing
permits the mbryonic stem cells to sta roli ToT "OVe referably over
six months; &9&% more préfépsbiyievet k%\métméé%ywwgaarms ﬂ Cd74SZi6QS(4E35P0

malntalnlnge.ﬂi&miem%8&1&%%&9Mﬁ&é&@%Hmwfhya?%wmh%"e@a'mamm tho

Laryotylse ? testem cells {}1 [ﬂl’r‘@] Also disclosed is a method of culturing primate Fm cam. One
cultures the S WM@M@%@QM&W free of
(g :.?‘Hl‘o SN0 :-qiu Gy

any-animalg i ) Jae! wﬁb actor
sigualiugre fgxgnel %vith factor IS%SP li f rom a %ource other than just a i lastt feeder

layer. Whil&'the growth. ?%%Ft} g prearaply itfERIdBbEe Beher memiab
such as ceﬁﬁ%%@ﬁ@@f@t@ﬁ@%z{h@j iy FRcn mﬁﬁm&ﬁ@ﬁé%&*%ﬂé&%ﬁ& gesigzedto activate

Oblastgrovh fﬁ%ﬁ@mpéﬁx %)?1%&1'? %mmguchl =152 T|en Biol. 7548 (24:p2)(sa).
[0020] Also discloged is a cultu ste rcu ur|n primate embryonies

B has a human
basis forobRESHFRVIh R ee M@ Bt et joctothes. fiBeoptast-ie Ryechhe @;Iﬂggje system
is. llyfree omm;sg@@i% : ,,s: Glasgdare cell lines (preferably cloned cell | lines) derived
using the above method. "Derived" is uSed in its bmadea seseti covert y or indirectly derived lines.
[M=1 Varlal.{)ﬂ%%resuItséé@té@ﬂ@@rﬁ@@sﬂﬁﬁ@t@ﬁ@gt@ﬁi f@%lmmmam/mded Further, it has been

discov d thaiiwathitgrefaiameaSp i EWhleH4s LGEOWID.AGIONCaN %&tﬁ%%'e\’\’y of
cloning; s Shroblast foeder nyer. The cultire system mwsseaﬁ&ﬂyﬁ%nfm sernm,
[0021] Also disclosed are cell lines (preferably cloned cell
lines) derived using the above method. “Derived” is used in its bropdest senss s cover direstly

106022] Variability in Tesdlts due to differences in batches of serum s thereby
‘avoided. Further, it hes been discoveredl fat avoiding use of animal serum whils using
fibroblast growth factor can incresss the efficiency of cloning,

[60023] it is aerefore an advantags of the present fnvention to provide cultire conditions
for primate embryonic stem oo Fues Wilﬂi’&fh& conrditions are less varishie pnd nemn;: more
efficient cloming, Other advaniages of the'mm vention will becoms apparest afier study of
the spectfication and claims,

DETAILED DESCRIPT

RRED EMBODIMENTS

166024] I some of the following experiments oneiof he inventors hereused the mathods
and enlture systems of the invention to sulrre human BS cell Hner without adding serum 1o the
cudture mediam. Two clonslly derived human BS eall Haes proliferated for over eight months
after clonal derivation and mainteined the sbility to differentiate to ndvanned derivatives of all
fhree embryonic germ bayers when cultured in & medimm without sernm as & sonstituent,
[00025] In emother of the expariments set forfl below, it has now been demonsirated that
‘the addition of relatively large amounts of 2 human Abroblast growth factor {(FGF) aids in the
cultore and growth of human embryonic stem cells, even'in the shsence of both serum and

4



[ 3] It is therefore an advantage of thpresent invention to provide culttasse conditicros far prirnaie
embryonic stem cell lines where the conditions are less variable and permit more e rcient cloning.
07her advantages afsk¥agpresent i gve on wsll beccsme aplsareat after sandy b n %éhe sp ara an
and claims. DE,4ZBD DESC ‘sl ., ON OF TBF, PPREFBRRLzD E&MODIIt2’ N " Y41 in some Of
the following experiments oneofthe inventor here used the methods and culture systems of the

invention E54tIEGHe. nitaroEs ewkiiesnitiont Q@@fﬁ@%&*ﬁﬂﬁ@%mm@aﬁzm Fieo]
c'tonaliyderived:buman & Scell dnesaliferated dor over eight c%ﬂ%g nal derivation and
m

maintained the, ability to djff rent ate to advanced denvatlves of all tlme e ryonl germ layers when

cultured i A PTEEGHRALS ?3’ 1s sl ppsprdicientd o) ﬁﬁ%ﬁfﬁi@? ‘orltbie Sdsefments set forth
below, it hasmovicbednidemionsratdtlithatheraddiioniae aivalylargeampmpisef @ human
nbroblast E culture of hu emb onic stem cells, even in
the abseﬁ%é%%%ﬁw%%%%nﬁ}%ﬁ%% gj%‘f?%g%%ﬁ)% gﬁ%@ lIs; -this permits the
culture oftstshtiestisrdithalrsraiersbben Expbgeddsithentalanisall mﬂsrcmm mgdiastiliwhich animal
cells hav %&gq Do f feeder cells.and n

FRRR SO AER HiL %er ih §Q gé%%g ? }%m’“? 9& ﬁﬁ% E‘\F%%ve been

conditioned medium) are referred to here as fee epende or'cu tre con
descnbeé‘@%%%ﬁi‘ﬁﬁ%%@?ﬁﬁ@ BRTTIOMEE SWith feldabrdedlspwhithuams e
free. Howkyertheiuseof:cong &gg@gum does not resolved the dependence on the use of f

ceder celﬁ %ch still_ t be sed to condition the medium, The techniques described here permit
the indefifite4thd feega {5 EWWY@W r%ﬁ@%ﬁ‘?ﬁ%@%’ﬁﬁfﬁh@%ﬁﬁal type and

with the-Bfeealcélisibmainihgoibaifietentiak& (000261 Eechniquesifor. the; ﬂ;@éﬂe yation, culture, and

characten ES ceII I|ne I:H9 wer, cri in f. Thom t aX 282 Science

1145- 1247§ %‘gfé %gsphgsemg;ggﬁimen S %escr%%edd below ea%P é%gﬁ L?(Q;]rg&a% zj[71 CFRratreredl lines,

but the p%@%@ indepawkuitsfdhe indepbndéntoisthesparticular ES ceIIs litres. (000271 It is described

here that dition et fiaroblast gra \@QQ{; {&g%&ﬁ g@ﬁ%%&&&e Gul |on @%@ cg!ﬁo %In tpfhtaanaza
e a

ES cells.: The addition of GF |S|mportant in‘two distinct. regards. tlon ofFCsF at

moderat@?@%@@%aﬁéﬁiﬁ@%ﬁmﬁﬁ@%Itg@é Wﬁ@ﬁﬁ?@?ﬁl&t@@hﬁ@éﬁi@@@@@m a meth
devoid of:seirlAGNS leveldRed ate gl at modevate Tevels (6., 4 ngfml) perraits the cultare of

undifferentiated hurman BS cells in 4 fedinin devold of serums. At this Tovel, the rate of
differentiation of the stem cell is slowed, compared o lower lovels of FGE, but the cells will
eventually differentiate. Secondly, the addition of PGF at Higher lovels makes the cultute

ponditions of the medinm feeder ia&eganﬁmt, in that no feeder cells are required st all to

indefinitely maintain the pluripotency of suploid undifferentiated human ES eells in culture.
106028) This st phenomenon 8 believed to be actuated by the action of FGFin
interacting with POGF receptors in the humarn BS cells, To avoid the use of seram, itis not
particulady eritical which of the many knovwvin PGF vardants are used in the cilture. Fere busic
FOF, or bFGE, also kavwn as FGF2, s comameonly sed, but that is enly because BPGE is ong of
the readily soinercially availoble members.of the FGF family of fuctors. Mote thay twenty
difforent FOF family members have been iclentified, and fhey are referred to s FOF-1 through
FGP-27. While the conceniration of FGF here is given in smounts of BFGE, it should be
undersiood that this is infended 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 bFGE, the preferred concentration of FGF in the BS cell fredium fs in
the range of about 0.1 1o abott 1000 ng/ml, with concentrations in sxcess range of shout 4 ng/mi
being usetul to avoid the need for serum in the medium,
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differentiation of the stem cell is slowed, compared to lower levels of FGF, but the cells will. eventually
differentiate, Secondly, the addition of FC F at higher levels snakes the culture conditions of the
merturn feeder independent, in that no feeder cells are required at all to indefinitely maintain the
plvripotency of edpisidtiititferentiated human ES cells in culture. [00028-FAi8*#stHéhomenon is
believed to be actuated by, the action of FGFin interacting with Fc F receptors in the human ES cells.

To ?jvqidhm%ﬁe of :%@%@ﬁmﬁ&g@a@@%& m@-@a@g&%@wﬁﬂg@w? gﬁﬁéﬁt'j@@?gs ore
used In the culture. Here basic FGF, or bDEGE, also known as. FGF2,.1S cottutionly used, but that Is
only bec:a‘f%‘f ' ‘ fgﬁ - %Wﬁff?%aﬁm%?gﬁ%?%@%ﬁ%ﬁ%ﬁ%eﬁ%@?S?fﬁé’yﬁﬁégﬁmny of
factors. nieee mmmmm@&emﬁﬁﬁmmﬂw@bzmmﬁaﬂw atifiechna mckmlﬁ%me refto as
T houaF B 2L W e SRIRepialen of EGE heie Isdhversn A pyaingloRlp. 1t should be

understood that this'is intended to quantify the amount of*stimulation of | receptors and that
the concehtratiorref, RO hiay fané te b dristbanepbess & oF HOWRITR AL Tds BIREP iémbers of the -
IWGF family, Fr@iok GE <1be fistatied: cancentiaion plc @indhedm-al mediugigia dhedange of

about 0.1 to about 1000 nglml, with concentrations in excess _ran% e of about 4 nglml_being useful to

avoid the BASBEEH sER AR G Sves S1lytoB6ems! B HES/0845E6 f680291
Smprisinghysit hasiveencdosrtihatifar thecesontd atirititen FBGE iand fuman &8 seell medium, the

selection of the vari of FQP has some criticality. For this purpose.it has_been found that when the
concentrati B&%ﬁ&a@%} @g}?fﬁﬁ)ﬁ %‘ﬁg,ic%%% %ﬁfﬁ%gﬁ:?{é%g?ﬁ%g%t&q ﬁ%\;‘g}?g%%er?g%gg%r both serum
and feedethite Hssirttakinglthesty theecffene niidep ende nteFdf ofhisnpepase; inliaddbdéghfound that FGF

family mep =2 ( FGF4, GElfand FGENS,. SUFfiGI nganl of
culture to %%%%%Eﬁéﬁ%gg%%%%%%ﬁ% ?ggdgé%ﬁﬁl%%%gf% %%?E%%%%ﬂ%?éﬁ&%%%ﬁ%ﬁ%ﬁ% that FGF
family mefapEfsfEOR: GitidicRaE R ophE BVEGHS b ek einot i rer S E R gIEOF16, F~GF
19, and FQP RO B2 mebsuficient all00:nalarkito support feeder independence. We believe, but do

not have present data,, that the results using these forms of FOP is not a result of concentration and
that highe*¥6iée ntrat%’ﬁ??fﬁﬁf WHEH AP EE F S ROty REFSIRCEEE idabportiFe fdader
independenge:rifanEOR Ol daistipdesicthatatihisd evel(lQtaaing) e suppastsheman ES
cell culture _but the data has been slightly more,equivocal., [0003¢ > exact minimal.amount of the
effective vgé%r;lbg%?s %fg%%ﬁ%? v%f Su |ceQ§§'és gﬁ%p%?%%@r%%% %@%gégg}g% 'e-?-%iﬁép@g%% e%r%ﬁculture is
not knownnadihep récisioniratligitder tbuindaivie detitdrsy ehnpifiddetiffogritaseriowsrthat for
FGF'2, thak 4 nattLagded i il ens np/mi of FGF? alone in the medium is sufficient. While ES cells

grown in vrconditioned mediom containing as little 2s 4 ng/m! will remain undifferentiated for

some time, snd perhaps & passage or two, the cells will eventually Es‘aigiﬁ to differentiate. In owr
hands, the ability of 8 medinm to calture BS cells to remain indefinitely undifferentiated and
cuploid is dermonstrated when the cells are cultored for st least si¥ passages whils remaining
profiferating, undifferentiated, soploid and while mainiaising the chaecteristio mombology of
hman BS celle, As used here, a maintenance concentration of an FOF is the concentration of
that FOF necessary 16 support the maintenance of hﬁmaﬁ},%ﬁ oells in an wndifferentiated, ouplold
and proliferating state for at least six passages. For F‘GF?; the minimal mamienance
conicettration is between 4 ng/mi and 100 ng/nl and the exact minimal maintensncs
concentration can be determined by using the protocols below to interpolate those amounts. For
each other effective FGF, o.g. FOP4, FUFY, FGF17, and FOF18, the corrésponding minimal
maintenance concentration for each FOF ean be determined by similar testing,

[0631] Human BS cell cultares in the defined human BS oell media describred below in
the examples can be cultivated indefinitely in the complets absaence oF fbroblast feeder cells and
without conditioned media while remaining suploid. The ES celis ave thas tnuly feeder
independent. The human BS cells retain all of the characteristics of humsn B8 cells mcluding

&



medium alone is insufficient for the efnite maintenance ofenploid undifferentiated human ES cells in
culture, while 100 ngiml of FGF2 alone in the medium is sufficient. W-hile ES cells grown in
unconditioned {@gdgggﬁfmlnlng as little as 4 ngirnl will remain undlfferer};&tﬁ%{i% %g@i time, and
perhaps a passage or two, the cells will everctuully begin to differentiate. in‘our bands, the ability of a
medium to culture ES cells to re in mdeflnltely undifferentiated and euploid is demonstrated when the

cells are cultgradsioriationbeiripdssalasduntpacs mainbsthraliel @@n@ﬁi@i@%&i@%ﬁoﬂdmﬁd while

maintainingitheseheracintisticmorphalody of \bigi RES SallssAS tsed Nel6 oy

: / {eaaancers
concentration, of an FGF is the concentrattlon of thatFG - _necessar y to su port the mamtenance of

human ES tlisiH! mm&%ﬁﬁ@ﬁm@%&ﬂ saliegmedEsages. For

FGF2, the mjﬁgm@ﬁmﬁime cengansrairalien Iﬁ-. setiveen &@Eﬂ%ﬁm{&@iﬁl@mw%the exact
minimal m raipce conc ntratlon ca bed er med using to below to interpolate
those amo%%e e%%% RS gﬁq] -GF Mﬁﬁtﬁ? % 8 the
correspondm@a@méﬁfﬁw&ﬁhmsmb@mwm@mﬁﬁh {eEGECar ;ﬁ@mmm@w @;ﬁs’im;'iar testing.

000311 Hy t ~ ..t
([axamples cgg%e cultlva gg% %i?t T‘M%%%géﬂrﬁ plete’ aguence 0 d%éf% \égelli?s ang without

conditionedwédi&yvaié#&maining euploid. The ES cells are thus truly feeder independent. The
human ES cells retain all of the characteristics of human ES- cells including 6 WO 2006/03692.5
1'C"1" US2 05}Q3451t characteristic morphology (small and compact with indistinct cell mernbraires),
proliferatirut and the ability to d iffe tiate into:-many, if not all, the cell types in the human body. The h
cells will retain the characteristic that they can form all three primordial cell layers when injected into
uno co romised mice; In particular, the ES cells retain the ability to differentiate into ectoderm, rn eras.
and endoderm. The S cells still; exhibit markers indicative of cell status, such as expression of the
unclear transcription factor octal, which is associated with plu potency, Throughout the case and at its
end, the human ES' cells retain normal Ir ' o . 7 .WO 20061 036925 P T1U 200$/0345,j } tO00321
EXA. I In s [00033[ In the first experiments described here h ES cells were plated on irradiated (35
gray gamma. irradiation) mouse embryonic fibroblasts. Culture medium for the present work




consisted of 80% "KnockOm"Dulbeco's modified Eagle's madman (1' M) (Cibco BRJ. Rockville, MD),
1 L-Clu'e, 0.1 0-m capto 03, and 1% nonessential ardirso acids stack- (Cibco BILL, Rockville, MD),
supplemented with either 20% fetal bovine serum (Hylonw,Logan, LT) or 20"fa KnockOut Silt, a
serum.-free reﬁ‘fg}c%’ﬁ’% igf"ﬁ’zérlglnally optimized for mouse cells (Gibco F3F§ET§J§WFI§45RﬁD) The
components of KnockOut SR are these described for scrum . replacements in WO 98130679;
[000341 Ipgitey ierts medium was supplemented with either se or the aforesaid serum
replacer ockOut SR and elther with or withouyt I Jman. recotln nt basi roblast th factor
(bFC E, 4@?%@ The ﬁ%ﬁ%ﬁ%ﬁ?@éﬁﬁaﬁ' FARGR WFWEES -ﬁs %W%%%E r&f&%ﬁ hgsml to
500 ng/nﬂzﬂ@ﬁ@wﬁidﬁ&efm m@ma@ﬁfwmﬁwm&emm ' ",‘mdmmam@ve&tures A

: ‘centrifugation,

s per well of a 6-well
fagd "@%ww@ﬁiﬁwmm cells

To ; , cropiipette to
ouse embryonlc flbroblasts feeders Wlth media
FDO0ssarbinerny ?}.r DrbESE 00095 e it sipizEdUihe
passage ﬁ%{ﬁ:{%éﬁ %%@E&'%'Rﬁ%%%? Wﬁ@a@é}@ﬂ%ﬁg @Khﬁ@;@ﬁﬂmﬁi%&d@a@x months
after derivation, H9 cells exhibited a normal karyot by standard C-banding techniques (20
chromosdi%%f@ﬁ?’e%ﬁ@%ﬁ%ﬁ%&??@%ﬁ@%gg ?gmgonths after derivation, in a smgle karyetype

preparatiqpgda20 chmmmm%mmamm@mm@mm 2018

demonstra ed ra dom ab orm in Wlt atran t|on to chr n 3 short arm,
one with rm? %Oé%gn%eigwl dm h(‘ahcg gﬁg 3%?%}[?%% ﬁ?‘%%ar%?a and one
with mulﬁ”ﬁl&)masamleﬁtmm Meﬁm@m@ Za"‘tzs. brendc 7B imiontherattef &K aidhe HO cells

exhibit nog{i&&_ﬁ %.B 2 mﬁl%%@ﬁ%ﬂ%?l spreads examlned [00037] We observed that the
uman

cloning efficiency o ells in previously described culture conditions that included animal s

was poor {#88Hidless Ofﬂf@fﬁ%%@%]@%ﬁgﬂgﬁ%‘ﬁ%@’ SR Sy IS ATeE BHEEIoRY G tHeabsence of

animal segun, %é@&@&@@iﬁg@@@éﬁé@@em%@miﬁ%e%mmgm blzGE thas now been
established that the additions: of 8 WO0.20 10692 > |'C"t US3005103 1%135%%83% eid%the

cultivatiorP B HHAROE SR RE R SRt DB AR BIRP Ry ome Hbro

per well of 2 6-well plate). To confirm growth fromsingle cells for the detivation of clonal ES

were d|550C|at to, r"---.«- s 0,2
and platedﬁ" on'i ?%erﬁeslé\ mac%vated qsgem f%’gﬁgic é%%%yé) 13%5‘

were selecg%%l Dy, %@@%%{%%rfgaﬁg&gﬁg ﬁ;tgg a% )

|nd|V|duaI wells

ate contalnln

-

coll lines, individual cells wers ssiected by divect observation under & sterenmicroseope and
transforred by micropipette to individual wells of a 56 well plate confaining mouse embryonic
fibroblaste feeders with medivm containing 20% serum replacer and 4 ng/mi bFGFE,

100036} Clones were expanded by routing passage every 5-7 days with I mg/ml
eollagenase type IV {Gibeo BRL, Rockville, MD). Six months after derivation, HY cells
exhibited a normal XX karyotype by standard G-banding techniques (20 chromosomal spreads
analyzed . However, seven taonths after derivation, in asingle karyotype preparation, 16/20
chromoscimal spreads sxhibited a normal XX karyotype, but 4/20 spreads demonstrated random
abmormalities, inchiding one with a translocation to chromosome 13 shott eom, one with an
iverted chromosomes 20, one with a ranslocation io the number 4 short wrm, and one with
mliiple fragmentation. Subsequently, at §, 10, and 12.75 months after derivation, HO cells
exhibited nowmal karvotvpes fn 81l 20 dhromosomal spreads examined.

100637 We observed that the cloning efficiency of human ES cells in previoushy
described culture conditions that ineluded animal serum was poor (regardiesy of the présence or
gbsence of BFGF). We also observed that in the absence of animal serum the cloning effivisncy

ineréazec], and increased aven mors with E::%FG? T has now been established that the addlition of



facilitating the cloning of human ES caltures. [000,381 The data expressed below is the total number
of colonies resulting from 10" individualized ES cells plated, +/- standard error of the nt (percent colony
cloning efficiengy)s \Vith.2Q1fa, fetal and prob bFGF them was a result Of@én?gjg;gggé% 3\/4\4511;1 20% serum
and bFGF (at 4 ngmal) the result was about the same 260 I- 12; In the absence of the serum
(presence of 20} secure replacer) the result with no bFGF was 633 +1- 43 and the It with bFGF was
826 +1-63F Thlgredrimraldversehsdtfocmuilonisdrafficiereychindfieppredericd iof the bFGF in the
absence:Qfisesumy %WM&@E&%Q_MSO%F as cloning efficiency. [000391 The long term

culture of human ES cells in the presence of scrota does not require the addition of exogenously
supplied BiE&R, and (B¢ Wétaarapsve) sl gdeifisrrs Brde ¢6 solesirambiuafaailin does not
_significa;%;_kﬁﬁiﬁ@é A  '| %ig&ggufc%&w@m@p%@ %@%%fgmggdlum bFGFd )
increased.the initi ing efficiency of humap E_ cells. Further, if has heen discovered that
cUmpyrt ol B € LRy IR AR RSP B AP IR ATL LA BrolFATaHhof imate
bryoisic streells:irhTHE Ghdanse:dftanimadl sin deut fecmediltn tackihglexbgeheus:oFG¢, human FS

cells ut fs%?%@%%%%%ﬁ%% Q%‘%%gﬁ{g%@%%%% %ﬁ%%%&%%?éf%%%ﬁ%%%%&% Sekfy (in the

absence of not prevent t ifferentiation. [000431 The results perceived are particularly
applicabtéttrElohalites. i this regarderstondsfotexpansibravéns sticctad.yplbeigseets

individualiyiinigwelisof a,90-well Rlate. under direal Microseenic.olsenvations Gf192 FI-0 cells plated

into WeII_s_;“ofg%_ well: plates, two clones were successfully expanded (1T-4.1 and 13-9.2), Both of these
clones v%@é‘%@?@fsequently cultured continuously in media supplirSted with semin replacer and lick :E

[0004213&s3sand FiSrR:cellg hath maintaipethau T malkanretpesavan-abieameses Haan 8 months of

continuous culture after cloning, The 14-9.1 F1:9.2 ¢l nes maintained the, potentjal tg fain
Corvat S G AT B OB TN LUE TR Ioh B R 0 073 S 25 Whechur, After
6 months: efeultuserdiitd :andifi9Riclanes siié cotifiimedto havenrit mdl KanjopypBsiand.were then
injected jnto, Scm-beige mict )43 %l} El 1k 9:2.cells formed terato = ontained
derivativié%%?vaﬁ’ g@%ﬁ%‘%%%%%%%%ﬁ# Iayers%%%’c%%&ﬁééf% e%%%?%%%%%‘?d‘%@n; emsg'lr;;onic kidney,
striated f#ligcle, smooth muscle, bone, cartilage (iaesodeait , and neural tissue (ectoderm), The range

ARRIAR6925 RLA W S2OSPL03 RdQvered that supplying extogenous BRGE is very ixportant

for continued mdiferentiated proliferation of primate embryonic stern cells in the shsence of

animal serum. Tn senem-free medivm lacking exogenous bPGE, human BS cells uniformly
differentinted by twe wvesks of oulturs, Addition of sther Histors such as LIF (in the absence of
LPGF) did not prevent the differentiation.

[06041] The resulls perceived are particularly applicable to clonal lines. In this regard,
elones for expansion were selected by placing cells individually into wells of a 96 well plate

unider direst micrescopsic observatfon. O£192 H+9 colls plated. into wells of 96 well plates, two
olones were sucoessfuly expanded (H-9.1 and H:-9.2), Both of these clones wers subsaquently
cultured continnousty in media supplomented with serum replaccer and BFGE,

{00042 H9.1 arnd H9.2 celle both muiniained a normal 3 karyotype even after more
than 8 months of continuous cultuwre after cloning, The 8.9.1 and H-9.2 clones muintained the
potential to form dertwatives of all tiree embryonic germ layers even after long term culture in
serum-free medivm, After § months of culture, F9.1 and H9.2 clones were confirmed {0 have
notmal keryotypes ancd were then infected into 3CID-beige mice.

[60043] Both 9.1 and H9.2 cells formed teratomas that contained derivatives of all three
extibvyonic germ lavers including gut epithehum (endoderm) embryvonic kidngy, siriated imuscle;

smooth muscle, bone, cartilage (mesoderm), and newrsl Hisue (ectoderm). The rangs of



differentiation observed within the teratomas of the high passage 1.19.1 and 2 calls was comparable
to that observed in teratomas formed by low passage parental 119 cells: 1000441 It should be reri
iiated from the_description . above that while animal serum is supportive of growth it is a complex
mixture that ca%{%%%?%?ﬁ% czémpounds both beneficial and detrimental to hﬁ VEEE0EIFE e. Moreover,
diflerem serum bawhesvary widely in their ability to support vigorous undifferentiated proliferation of

elis:Rep m&:&a&m@i@ a-ckearly definechagimpencnt reduaemitbeamriakility of results
associated Wlt}“\%hls rum_ batch variation, nd shg If allow more care defined differentiation
Fé%%}% éf A

studies. Qﬁ)‘ﬁ%%‘% e Fﬁﬁ%ﬁfﬁas gAY ESRARifg S8rtm suggests the

g
presenc@ﬁizm}mpouhéhmﬁ&bm ventioheaty fse thiatarbodefial evitéid toistehnenelt survival,

particular] ' f ,_, f, s, \these.compounds : is -
therefo%ﬁ% S?ﬁ é@%ﬁ% %lg[&%%ld%gf%% rx%§er 9r%eec ern C}# L%%g%%%ﬁ@%ekg% % nestlgatlons later
were dirégtegagHtie W@%@@Wﬁqéﬁwméﬁ%ﬁ@eﬁwwmhﬂﬁwmt%ﬁ%iﬁ&@me of both's
and feedefgells Threedi Rediimafe fgk&ﬁ%&@k%ﬁ@ﬁ%ﬁ%%ﬁ%%%” thisiwork ;ang;those

medicm formulatls are refefred \ to'hereas T-MI 00, BM+ and DJ . The nomenclature 100 refers

touncontidAEH RSP S RIS HaE Hush ¢ d’@ﬁ% WW@@%W% FREdum does
contain MM@@%D@%QWWWW" it ddesnoiinclyddier requir the use of

fibrobla desger ceILfs é %rgd Th v opnedium | sb sal medium Dﬁbn}}Z lus.a dltlves
described Berow, that A8 permi ¥h‘é fien e 5 Ras RS P T e Eate T BhrtHE Radium omits the

g finedttinmeimbmbiyonid! sterivegell medium. '

serum r@gﬂmpf@du@mﬁsﬁkypm‘ e Dikustbesiiosd o
medium %gg{ re RN ﬁpg Qg@g q@;&!g&& ion of hES
&% %%?%Q&% eeé%%%éeﬁgog morg%r%%“?%ﬁ%%tuﬁrﬁ% only %umaﬁgprote ns g%%pposed to

cells whﬁ elng compos

the 13MibrEaER %Iﬁéﬁféféntams bovine albumin. 1000481 Culture ofhannan : S cells lines HI and

119 in U%@@Q@3M+Il§?&@% ik %@M@ ws prepared as follows: unconditioned med(tiM)
(Glbcotlnvnrogen) and 20%, (v/v) Knockout- Scrum Roplacer

consisted of 80% (viv) DMEM
(GibcofitUdgen) suﬁéﬂ%ﬁ‘ﬁ@?‘ﬁgﬁ?ﬁ?’tﬁiﬁﬁﬁw ETB IR YR T SRR e Ealptt B&thiEnol (Sigma -
St, Louig;i & ):-anehifiinenes ﬁmmm@@@lﬁad@mmw&@ee},&mc hpletértaermedia 100

nlaul b} G wep add end the medum vias difered gl 2 01 uhnvion Bler (Nalgon
to hers as UMI00, BV and DITEM. The nomenclature TUM100 refers to wnconditioned
medinn o which has been added 100 ng/m! of BEGE. The UMI00 meclinm does contain the.
Giboo Knoskout Senim Replacer product but does not inchude orrequire the uss of fibrablast
feeder colls of any kind. The BMI+ medium is bagal medinm (DMEM/IF12) plus additives,
described balow, that alse permits the culture of cells without fesder cells, but this medium

omits the serum replacer product, Lastly, the name DHEM refers to 8 defined human embryonie
stem cell medinm. This medivm, also described helow, is sufficiont for fhe calture, cloning and
indefinits proliferation of inman B8 cells while being composed entivel y of inorganis
constitnents and only buman proteins, s opposed fo the BM+ medium which contains bovine
albuimin.

[06048] Colture of Numan B8 eells Yines H1 and H9 in UMI00/BMHDHEM

[00049] UM100 media was prepared as follows: unconditioned noedis (UM consisted of
80% (viv) DMEM/F12 (Gibeo/Invitrogen) and 20% (v/v} Enockeut-Serwm Replacer
{Gibeo/Invitrogen) supplemented] with 1 mM ghitamine {Gﬁbmﬁﬁmﬁ{a@eﬁ}g 0.1 mM P
mereaptoethanc! (Sigma ~— 5L Lows, MO, and % nonessential amine acid $tock
{Giboo/Tnvitrogen), To complete the media 100 ng/m! bFGF was added. and the medium wes
filtered through 2 0.22uM nylon Hlier (Malgemel.

16



in WO 2006/036925 PCTfUS2*)' 51034510 [000501 8M+ medium was prepared as follows. 16.5
mghnl BSA (Sigma), 196 ig/i 1 Insulin (Sigma), 108 Itgmil Transferrin (Sigma) 100 ugfrrsl bFGF, Igu
ine (Chicollnvitkg@giRsHskM j3-mercaptaethanol (Sigma), and 1% nonegs r.%aad stock
(Gibco/Invitrogen) were combined in D 12 (Cibcorlnvitrogen) and the o ola ty was a usted to 340
anOsrn udth SM NaC1. The medium was then filtered t ugh a 0.22 nylon filter (Nlalgene) [000511 T1
'M medidfiV§ids prep&idd m&nﬂmw& mmmﬁaﬁi@ﬁ( Bigheg OB {Siasulinlési )488 p.gtiul Tr

Ec?;rers]s(e?lrlli%g gr(l%l%;nggé?g [P #e\%/rl’fg Sét in’ sué} If%ler%en ;l @M mfrrca%eer;ge(glgs (C):elll/ogro ),

and 0 0%WM%&%)}@&Bzﬁélém%é&gtﬁa}mh&@m&}nﬁﬁé%n@eﬁd@ﬁlEgﬁ@xbaﬂﬂrmﬁbgen) and

the osmglarit 40 m CI Js note the vit su plements in
the. medl'g\glr?r%%%%%%%mm 6.6 g W}\%ﬁgé% Uta |on 21 I%t“ﬁ d Saérgu ic %%cld P04,
Also,. thé{hﬁﬁ@%ﬁ@é&@@f}mﬁé&mW@@re’&z@w@m@tm‘s@h@ﬁ&mm 48.2064 wrlow Cat 4:

99-175-Ghang{ielly Cat #k: 99-176-Cl), each of which is sold as a 1,000 solution, It is well known, in
the art that Trace EIements B and C contain the same cor&posmon as Cleveland's Trace Element T

and 11, pi88ively. (SEEEbTetne, 2 gorm T Erdter sk %Hﬁ*ﬁ%‘«iﬁ%@%@}é%%@h%@ The
medium wasgithen.filteredethrauon.a..0:22ulknylon filier (algane)rH %ﬁ{ﬁ% <defused lipids

(Cszbconnw gen) were added to complete the medlum N 0005'2) Hl orH9 human embryonic stem cells
BUCE T 'ﬁi@%ié&%)fé&déﬁ@éﬂ@%wmﬁ?aﬁ& passagedwith

dispase (@M/@Q&@é&n I@@Q;m&g; ehiBgcien il dan.Begiord. M) %S%g%%}i&wereﬁz ]

changed dal%untll cell den5|ty was determlne%%) be adequate for ce

passaget? With' e ages Bell SrucRA R HECSARHIHG S ibeetbrridrumssr 500531 clro es
[00054] Tendetem ine Q@g@@@\mm&ﬁwmm&s inthevatoseetdinicalisyerenplated at a

and 7 R e B U & B s t%%fﬁ*ﬁ%ﬁ%&r@ﬁ?gﬂ%s&fggﬁ%m " a%%ﬁ'?cﬁ e
number%rmﬁew@ﬁmﬁ,ﬁaﬁﬂlmﬁm wellsmvere teatédvithhypsie, Henatedidfdiused to
re-seed 3 RRNRIAICET IS LB O @RAUES, Cat # MT 99-176-C); cach of which is sold as

1,000 X solutiors Jtis well knowey in the art that Trace Hlements B and C contaln the sartie

cottiposition as Cleveland's Trace Blement Land TI, respectively. (See Cleveland, W.L., Wood,

1, Btlanger, B.F,, J Tnm, Methods 56: 221234, 1983 The medium was fhien filtered theough 2

0.22uM nylon filter (Nalgeng): Finally, sterile, defined lipids (Gibeo/Tnvitrogen) were added to

complete the medinm.

{060057] H1 or HY buman ernbryonic stem cells previously growing on MEF (moise
smbryonic fibroblast) feeder cells ‘were mechanically passaged with dispase (1 mg/ml) and
plated onto Matrigel (Becton Dickcinson, Bedford, MA). Appropfiate medim was changed
daity until cell density was determuined to be adequate for cell passage. Cells were then passaged
with dispase a3 deseribed snd maintained on Matrigel (Becton Déekingon).
[00053]  Growih Rates
[00054) To determine the growth vats of hutosn BS cells in the various media, cells wers
plated at a density of sbout 5% 10° cellsiwell in triphcate in S-well tissus ouiltins dishes
{Nalgene). Ondays 3, 5, and 7 the triplicate wells wers treated with trypeirv EDTA
{@ibﬁﬂfﬁﬁﬁtﬂ}g@ﬁ}? individualized and cell numbers were connted, On day* 7, additional wells
were treated with frypéin, counted, and used to re-seed a new plate st 2 cell density of sbout 2
0" celis/well. The day 7 culiures, which had been trypsin processed, were analyzed for ES cell
surfige mearkers Octd, S5BAS, andd Tral-60 by FACS snalvsis. Growth rates were collected for

i1



| tin cells/well. The day 7 cultures, which had been.: y .sirs processed,. were analyzed for ES cell
surface markers O0t4, SSEA4, and Tral-613 by FACS aSiysis. Growth. rates were collected for 11 WO
2006/03MS PCTIU 20al /O 4510 3 consecutive passages. Growth rate experiments show that 100 cut

ed human ES é%%@‘cﬁé’fﬂ%ﬁ%ﬁ‘as robustlyasNI-cultured- human "4 AGBH5 81 Attachment
Dynamics [000561 To dot ire the attachment rate of human ES cells iu the various media cells were

plated at & densitviof 2:%:405 cellsimnelinati-welltissie sltotindhialaesehoiltime carints ranging

from 30 minutes to 48 hours unaftached cellg w_e{e washed away and attached cells were removed
with trypsw-ﬁﬁﬁ%‘ﬁ@ﬁlﬁigﬁéﬁﬂ%ﬁ PR HESE Bxperiments were performed to examine if the
LIMIOO gmatiairate dateniya

aiuetargigombination of better cell attachment and slower growth as .

opposed tg. equivalent.growth rates for. UMIOQ and ... We found that attachment pereeaatages were
counvaent B med ST R e B PRy S e B R ) Facs

Analysis ofrESiuedist {00058 Hlmal ESiveil ver&-ratitves fdimradshéitiatizng cMtineprate (1 a
gene) wit -%Q%%Q.M%MME@%@@M&%& HeMRiamesdicalsilng, hurora, OR)for
é

10 ruim at 370C. The cells were dills in an equal: volume of F ACS Buffer (PBS + 2% ES + 0, 1% :
Sodium AsfeparrrTRered wibEgH B EE b Rmoda Spanve Pl atysist), Pefe e ¥llected for 5
asain, at 1000 RRM-andds esksRended inil mlDs5% pasalax waldrbyde; dd:af-kBencelisuere fixed ford

: &d as
described Wadoneablizedfond0 JraingniceinQ0baimethandgh Hadins B8 Cellpweteipedleted as
deserabbe@_.‘_ g%g 1 x I@Qsai%g% av%}%retd_i_lu'ted into 1 rid of FA.CS Buffer 4- 0,1% Triton 3t-100 (Sigma) in
a FAGS tube' Betau Il CKIAASSA , NESC ware polluted as described. and resuspended in 50 pal of
primary adtigiiey dilateBA6SAREBuférra0BYs<kton X-100 (Sigma), Samples of appropriate control
antibodiesqiare appligd,in.parpllah; LESGweredncubaied avernight al 4 GaSyRernalaniswere poured
off and cells were incubated in the dark f(;r 30 mart, at room temperature in 50 }al of secondary
antibody (WrEe(iRF PrEBssiuitret) < AERs suly SIEW A et dhm S ENCEARHEF tBecton
Dickinson),gully: sorterwith SelduestBaivareBecionRickingon huhis (rethoddorperforming FACS
analysis allows one to detect cell surface markers, to thus show that you have ES cells. The result

0.1% Sodiem Azide) and fltered through an 80 pM cell strainer (MNalgeme). Pollsts were
collested for 5 min, & 1000 RPM and resuspended in 1 mi 0.5% paraformaldelyde. Human ES
sells were fixed for 10 min at 37°C and the pellels were gollected s deseribed. The BS cells

were vesuspended in 2 ml FACS Buffer and tofal cell nuniber was cotmted with a

hemacyrometar. Cells were pelieted as deseribed and permeablized for 30 min, onice in 30%

methanol, Human ES cells were pelleted as deseribed and 1% 107 eslls were diluted into 1 ml of
FACS Buffer + 0.1% Triton X-100 (Sigma) in 2 FACS tube (Becton Dickinson). hESC were
nelleted as described and resuspended in 50 ul of primary antibody diliwted in FACS Buffer +
©.1% Triton X-100 {Sigmu). Samples of appropriate control autibodies were applied in paraliel.
WESC were incubaied overnight af 4°C, Supérmstants were poured offand cells were incubatsil
in the dark for 30 min. at room temperaurs in 50 ul of seeondary antibody (Molesulnr
'?rﬁ%‘}aza!ﬁwitmgan)i FACS anslysis was parformed in g Facscalibur (Becton Dickinson) cell
sorter with CellQuest Software (Becton Dickinson). This method for performing FACS analysis
allows ong fo detect cell surface markers, 1o thus show that vou have BS cells. Theresult
obgerved was that huyan ES cells cultured in UMIO0 were 90% positive for Oct-4 a5 2
population, This is comparable to CM-cultured BS cells and confixms fhat the sells are an BS
sell population. For the analysts of SSEA4 and Trai-60, the process was perfored as for Oct
4, exeept that the cells wers not treated # paraformaldehyde or methanel, Afier cell staining,
the cells were re-suspended in FACS buffer (without Triton) and analyzed as described with
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observed was that human ES cells cultured in 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 SSEgp4@aRe;J#al-64, the process was performed as for O.ct- Aﬁ, atihe cells were
not treated in pa rafotzvaldehy7cle or methanol. After cell stainirng the cells Were re suspended in
FACS buffer (without Triton) and analyzed as described with 12 WO 20(16/03692|
PCT/US209g/)iibiandippiiopticte Ghtibtidiesam PAGSIT dipagiin withSerRiitont Thedindifferentiated

EScell ¢ e eII. This was
demonstrlzzgt%ﬁcﬁ)ég%gzr %%%}%%g%%%é%ﬁggegj ¥%‘§\8}ée@%5§! %’éﬁr%% g;%ﬁff%??ed(%a?%%{l gﬁcﬁs uman ES cell
line 111 haW& W@i@%ﬁ?&r&%ﬁé@ﬁﬁs%w\?ﬁﬁﬁﬁedrum for over 33 passages (over 164 population

dnubi:ngs)auhile; retainingthe morphology and characteristics of human ES cells, m cells were
cultivated In the BM+ medium for over 6 assa es70_ ds % whrle retarnrng the morphology and

characteridB&E8F hum<& &4 ebliunes &5 S SR SRR Ver 5
pazsfzf:lges f&v?ﬁday&%d pié&m{ﬁé} m@p@a@ﬁmwm aigts wﬁm@&%@ﬁ@%g&e@w’ min ?r;] an
undifferentiate e for ass; yent testing of the
and UM100-cu 5% ce s es %%s ar%grﬁr%#lgﬁiﬁ &g[%%ﬁ%%’[% g o?ﬁy 0521 Human
ES sells ot}hﬁ@ﬁt@r{%d@%}mﬁt@d'g ﬁamﬁ@@ﬁ%&ﬁ@ﬂ%@m@ﬂrﬁi@@m&%mﬁ@r ff¥ee passages

before b ditioned
ctore e'@&ﬁ%%&%&&&%%&&%@? P8 g&%ﬁg%it e%%%ée Xty day’f’@zﬁ%? itione

medium for 24 hours (day 0) and then switched to the te Thereafter the

cells were BheHawwewiaadiyatdia 18 WegiEomie somdl esrdendiee fao. Wﬁﬁﬁ%@%red on,
Matrigel '”&%@éﬁ%@@@t@@i@&&%@q@@é%ﬁﬁ% @ﬁf&@ﬁﬁ@'é&%%@é@@zﬁ%&@é@ﬁ&- 2RI

[000631 The cells were passaged using the following procedures, The cell cultures were grown to
suitable deREESEVRIERGook approxrmately 7 days) in 6 well tissue cxrlture plates and then the
cultures wegssrgiated Withdd: snibdipaser(iring/unl) (Gibim/mvitrogen.) for 5-7 minutes at 37G, The

e, v vrveeTeoma%ﬂ%ngnlcgﬁi? R s SRR SR diopersod by
placating, THelietsdmn mm@@m@ bificabdenwmifiigedsy @ﬁ’tﬁ%t@@i@t Foobupnt. The pellet
was then r@aﬁ&ﬁ&ﬁ@%ﬁg"@&@ Mé%@gﬂ%ﬁ ﬁ%ﬁﬁg mg@@rﬁ%%ﬁ? @} and then switched to

the test media the'next day (day 1). Thereafier the cells wers cultared in the respeetive test

media, The human B8 cell Yine H9 was glso cultured on Matrigel in conditioned media for five

passages before being switched to the fest media in-parailel.

106063] The cells wers passaged using the following procedures. The cell cultures wers
grown to suitable densities (which took approximaiely 7 days) in 6 well Hasue culture plates and
then the caltmes were treated with 1 ml Dipase (1 mg/m?) (Gibeo/nvitrogen) fosr 5-7 minutes at
37, The Dipase was then removed and replaced with 2 mi of theappropriate growih medivm,
Using a 5.ml pipeite, the cells wers mechanically removed from the tigsue cultuoe plate and then
dispersed by pipetting. The cells were then pelleted in 2 clinical centrifuge for 5 minutes at
1000 rpm.  The pellet was then ro-suspended in an appropriate volnme of meditam and replated
-t degived ditution,

{00064} The media formulation was consistent other than the selection of FGF added.
The base medium was UN100, with the FGF being variable depending on the dlesired test
condition. The following FGF variants wers tested, each added fo the medium ai 100 ng/mb
FOF1 (acidic PGR), FGF1E (isoform of acidic FGF), FGF2 (basic FGF), FGF3, FGF4, FGFS,
PGES, PGF7, FORR, FGFY, FOFL0, FOELE, FGRL7, FGFLS, FGR19, FORL0. Al FGFs were
purchased commercially or produced I recombinant hosts,
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at desired. dilution, [000641 The media formulation was consistent other than the selection of'FGF
added. The base medium was t71v11..00, 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/inl: FGF1
(widic FGF), F&’?Wﬁ@%‘%ﬁatt of acidic FGF),.FGF2 (basic FOF), FGF3, FERESE185BC 6, FGF7,
FGFS, FCT.F9, FCsF10, Foth FGF17 FGFI8, FGF19 FCIFZO All EGFs were purchased

commercigliyy; Prodused.igreeqmbin 3 4 D 3059 anitst)34npdd 1000651 The
competence of the P icuular 'OE forta to sport human ES ce cultures Was JUd%@d after each
passagc, THEEORARIOASHRRHREre TheE %Q%WWW@@%WWFS ¢ Itures that

proliferategiapprapstatelsimaasundifferentiatediptateinoulive mindhpendrateiderdeaneed]s, could be
passaged,e ectr el d.con uedt ress nce tkets Oct4, S 4..and Tral 60 The
condrtron%nw {m f’%a{n ﬁé%%ﬁﬁ ibﬁ@ &%Sgﬁﬁgnz%fg%g}é@ %ni%%ﬁﬁirgé %"’F’i%% 2@‘%%5 in which
srgnrfrcaniﬁ*‘;ﬂrﬁﬁf titioRiofithe alisamidaseparahe byn a’a trphelbgicakohsdpvation, andsthetcells were-
unable to tssﬁ%ncm%e%eaﬁg%u% Ee RIS biC ;ue&gr&e% Bemanggll culture
were FG 2 EO 4, FGF17 _an POEM }T h}e FGF varlan s which did not e support gm 'ntenancce of
the hsum BRESBERE! AR < ﬁﬁ@&*@@@@@iﬁ @@%@WWQWW FGF9,

S'C+.111(, zfa@%g&ﬁ?ﬁa aéi%@ﬁ&@; gﬁ@
the margin. n repeating the, procedure |t
also supﬁ@ﬁ?&% E@‘ﬁ?ﬁ% FiE

od at 100 g/ml can
A ;l: il.
voids F 4 ki3

v GOOBET R EECsHiemented
TR EGTeit hava, BWB;@GW@M?P@&@‘@BWM&SW@IW@ 1) cells for

S passages..,. o iI, LI s with EGEA, F 9 F 3%% 3F 18, ES cell lines 119

and 1114%1%%gn ?ee a.%% fG igisages respec#é@ g %er%pese mverﬁl%n has been

descnbedi%m:e;mﬁmgé@qsmﬁ@ur& WWE}W@@%@M&&@ v ihisooneeptiare also

mtended l@ﬁ !ﬂiﬂfﬁ@?&aﬁ%%&%ﬁ%ﬁ@i@ﬁl gﬁﬁl@(ample while recc dy produced 3turrru basic
actor was use

fibroblast bove experrments naturally isolated frbroblastgrowth factor
should! al§ %lsurtab@%ﬁﬁwﬁtﬁ@@ eI ISHE & B P \fié%ﬁ itaple 61 G monkey and
or -bar primgtaseleuitues FRhwist dbeuelaisnsishemddbe Joaked (e inardesirdudge the fall

sctopa of the % FGF4, FGRY, FGF17, and FGF1S on humian BS col] Tines HY and A4 haves extended for 3
and 2 passages respeotively,

IBBDST] ‘Thes present frvention has been described above with respuct to its preferred
embodiments, Other forms of this concept are also intended 1o bewithin the scope of the
claims. For example, while recorbinantly produced human basic fibroblast growih factor was
used in the abbve expedments, natorally isolated Abroblast growth factor should also be
suitable. Further, these techniques should also prove suitable for nse on monkey and other
primate el caltures.

{B0068] Thus, the claims should be looked to in order to judge the full scope of the
tnvention. '

Indosteisl Applicability

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

cells, and culture media for use therewith,
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invention. Industrial A licabill. 1000691 The present invention provides methods for culturing primate
eiabryonic stern cells, and culture media for use therewith. 14 CLAIMS We claim: 1. A method of
culturing human embryonic stem cells, comprising: culturing the stem cells in a culture essentially free
of mammalian fetal serum and. in a stein cell culture medium including amino acids, vitamins, salts,
minerals, transferrin or a transferrin substitute Sx&MSr an insulin substitute, albumin, and a
fibroblast growth factor that is supplied from a source other than just a feeder layer and is present in a
concentratio\%etC at Is at least as high as the maintenance concentration, the medium capable of
supporting the culttire and proliferation of human undifferentiated proliferating euploid embryonic stein
cells for at least six passages, without the need for feeder cells or for exposure of the medium to

feeder cells,jand whegeither butan.embiyenis-siem cells autusaghssing this method are at least
90% undifferentiated aqd express Qct-4, SSEA4 or. Tral-60. 2. The meth
i k W - i

) : d ?f claim 1 , wherein the
culture is esseRUAIN % SFEhG AN SERTR S HREMERSG B LERMFT WL HEEGE fs selected

from the grouprcesisistingeofhdd@R2inEGHY; RERO ABGE YitaancsF@RY 8nideibhe etikothofrciaim |
wherein the EGisiF GE2MIch SiRTaSEN LN NS et al, 100 DY Mk .k ehed, ehguituring

human embryonic stem cells in defined media without serum and without feeder cells, the method
comprising: CaittfrgPife St s h Ahen My eliGrAE I il S mSETHIh i iR ST vitamins,
minerals, ateast anexdransightrin e transiesve sostituityrmtieasidone instia drufnsuinegstibstitute, the
cutture medi,SSeriRlly ies, ol mammaliareialesy um A0d.conpining. Al ARt aBeul 00 no/mi of
a fibroblast growt factor capable of activating a ibroblast growth factor S|gn%{|ng receptor, wherein
the growth f&¢8t rEUPpRet Fe6n witsel ibe Bekfothiadiisted fee der apatrthe’ thediafsulporting the
proliferation et &teirisetadnviaretngiifpientiaiasrplaie ot feelaesellmorgonditionas medium , and

wherein the hum e@gr onic stem cells cultured ysing this, method are at least 90% undifferentiated
and express{é?ﬂ:ﬁﬁ/,ﬁg %ﬁeﬂt] (?F%[g?kpress BUSC 29 S

or fral-
2. The method of claim 1, wherein the culture is essentially free of any animal serum.
3. The method of claim 1 wherein the FGF is selected from the group consisting of

FGE2, 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/mil.
5. A method of culturing human embryonic stem cells in defined media without serum

and without feeder celis, the method comprising:

culturing the stem celis in a cultare medium containing albumin, amino acids,
vitamins, minerals, at least one transferrin or fransferrin substitute, at least one insulin or
insulin substitute, the culture medium essentially free of mammalian fetal serem 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 ceils in
an undifferentiated state without feeder cells or conditioned medium , and wherein the human
embryonic stem cells cultured using this method are at least 90% undifferentiated and express

Oct-4, SSEA4 or Tral-60.
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15 6. The method of claim 5, wherein said culturing step includes the embryonic stem cells
proliferating in culture for over one month while maintaining the potential of the stem cells to
differentiate into derivatives of endoderm, mesoderm, and ectoderm tissues, and while maintaining
the karyotype of the stem cells. 7. The method of claim 5 wherein the FGF is selected from the group
consisting of FGFIhEagthodef ehim&riesiy il st mesienimpedss fsrahreenisysmediem cells
comprising: phulfaniembeyttic Siemgols mnithasieimaRlanagidtme ceatainirghaluniRiiamino acids,
viamins, miaefals Al AR, Q08 JROSIErn AANSIEin Substiyte, Ahisastane Insulin, g nsulin
substitute, the culture’ medium essentially free oF mammalian fetal serum an c‘dnatalning at least a
maintenanc&asaediibtisiotetibfobtasmgeelith 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 ahsence of feeder cells and_also in the absence of medium exposed to feeder cells,
wherein thetz:'uItureT%eéﬁﬁtiﬁ?eogfcrlﬁ%\’ihga?ﬁl?ﬁ&%éﬁgtéﬁ?clélI%e]ﬁmﬁﬂ B AT Rt skitecifbefinitely
with normal RaRZofypes. &ndrwvhérein he ldukiked human embryonic stem cells are at least 90%
undifferentiated and express Oct-4. SSEA4 or Tral-60. 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 nghml.
10. A culturd of feeQ&P Ny NIER PRITSRAIE SRS HIC SR EeHs comprising human embryonic stem
cells in a stem cell cultue amedicti, daer st aell culture medium comprising albumin, amino acids,
vitamins, minerals, gt |east ane transferrin or tr%nsferrin.substi ute, at.least oneisin lllégrgtor insulin

. S Cell medium CONtanting albumil, aming aci S, vitamins, miner: a) one
substitute, the culture medium essentla“y fréé of mammalian fetal serurh an containing at least a

maintenance cofieelstrition EraletrohiustgrowtFdEcie setedied fromithalyttup. dbnsidiing of FGF2,

FGF4, FGF9, Fakil# -araaGH& thasultiuebaingsndepsndentafifeedenscellswhilsthe cells
remain euploid, where at Ieafst @Of’/giare ina ndiffere%}iat(?d state anz ex%{ess Oct-4, SSEA4 and
Gl a Horobi (}

R o TR Sl A b bR LI R BT ST A B A R ARD BT P at

Tral -60. 11. A cUllliré &s clainie
concentration oﬁigndéagt@bgm,_th)@m@thm d#pable 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 celis,
wherein the culture is capable of maintaining the stem cells in an undifferentiated
state indefinitely with normal karvotype, and
wherein the cultured human embryonic stem cells are at least 90% undifferentiated

and express Oct-4, SSEA4 or Tral-60.

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

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

10. A culture of feeder independent human embryonic stem cells comprising

human embryonic stem cells in a stem cell culture medimm, 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 consisting of FGF2, FGF4, FGF9, FGF 17,
and FGFT 8, the culture being independent of feeder cells while the cells remain cuploid,

where at least 90% are in an undifferentiated state and express Oct-4, SSEA4 and Tral-60.

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.

16



