
O 2006/036925 PC:'rfU$200e1034510  CULTIVATION CEP PRIMATE EMBRYONIC >T CELLS
STATETMENT REGARDING FEDERALLY SPONSORED RESEARCH  100011 To be determined.
BACKGROUND OF THE EWENTION 100021 The present invention relates to methods 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 preunp7 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.  Notwithstanding prolonged culture, these cells stably mobs a
developmental potential to.  form advanced derivatives of all three embryonic germ 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 sections. Because of ethical considerations the underlying  mechanisms. that control
the developmental decisions 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 between early mouse atxd  human development. 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 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'E s
cell-derived cells include P inson's disease, cardiac infarcts, WO 20061036925 PC'T/i $2 05103SID
juvenile-onset diabetes mellitus; and leukemia. Sec M , Ross at= et s1. 17 Nature  Biotechnology 23-4
(1999) and 7 Gearhart, 282 Science 1061-2 (1998). [0071 Long term proliferative capacity,
developments! potential after prolonged culture,  and karyotypio stability are key features with respect
to the utilsty= of primate embryonic stem  



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  conditions were described, including some using a type of basic. fibroblast growth factor
together with animal serum. Unfortunately, serum tends to have variable properties from batch  to
batch, thus affecting culture characteristics, 100091 In WO 98/30679 there was a discussion of
providing a soils--free supplement a  replacement for a al: serum to support the growth of certain err
:nyoraic stem cells in culture.  The serum r e p l a c e m e n t included r d b " ss or a l b u m i n
substitutes, one or more amino acids; one.  or more vitamins, one or more sf s or f - titutcs; one or
more .'oxidants"  one or more insrrlr"ns or insulin substitutes, one or more collagen precursors, and
one or more  trace elements. It was noted that this replacement could be further supplemented with
leukemia  inhibitory factor, steel factor; or ciliary neurotroplvc: factor, Unfrrc tsanat ly, in the context of
primate embryonic stem cell cultures (especially those grown on fibroblast feeder layers), these
culture media did not prove satisfactory, [000101 In the context of tzutrienr sereun culture media (e:g,
fetal bovine serum), W  99/20741 discusses the benefit of use of various growth factors such as bFG1/
in culturing  primate stem cells. However, culture media without nutrient serarn are not described.
f000111 In U. S, latent 5,405,772 growth media for hemsa oietic cells and bone marrow  strornal cells
are described. Them is a suggestion to use fibroblast growth factor in. a aerum- 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 human embryonic stem cells to be  proliferated while
retutsiaring undifferentiated. Later, it was discovered that it is sufficient to  expose the culture medium
to feeder cells, to create what is called conditioned medium, which  had the sa e propert}, as using
feeder cells directly. Without the rise of either feeder cells or  conditioned medium, b an embryonic
stern 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 2 feeder cells, risks con. of the oulft re unwanted l av id
agthe use cif  



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 culturing human embryonic  stem cells, comprising: culturing the stem cells in a culture
essentially free of mammalian  fetal serum and in a stem cell culture medium including amino acids,
vitamins, salts,  minerals, transferrin or a transferrin substitute, insulin or 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 concentration that is at least as high as the maintenance concentration, the  medium
capable of supporting the culture and proliferation of human undifferentiated  proliferating euploid
embryonic stem cells for at least six passages, without the need for  feeder cells or for exposure of the
medium to feeder cells, and wherein the human embryonic  stem cells cultured using this method are
at least 90% undifferentiated and express Oct-4,  SSEA4 or Tral-60. [0013b] In a second aspect, there
is provided 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, and wherein the human embryonic stem cells  cultured using this
method are at least 90% undifferentiated and express Oct-4, SSEA4 or  Tral-60. [0013c] In a third
aspect, there is provided a culture of human embryonic stem cells  comprising: human embryonic stem
cells; and a stem cell 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 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, and wherein the  cultured human embryonic
stem cells are at least 90% undifferentiated and express Oct 4,  SSEA4 or Tral-60. 3 [0013d] In a
fourth aspect, there is provided a culture of feeder independent human  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 consisting of FGF2,  FGF4, FGF9, FGF17, and FGFI8, the culture being independent of feeder
cells while the  cells remain euploid, where at least 90% are in an undifferentiated state and express
Oct-4,  SSEA4 and Tral-60. BRIEF StBc Y OF TIDE INVENT`I ?l.NT  [0014] Disclosed is a method of
culturing primate embryonic stem cells. One the stem calls in a oultvre essentially free of nigintowim
fetal aegum  (preferably also essentially free of any aturnal ) and in the r ce of n-oroblast growth  factor
that is supplied from asource.other than justefibroblast feeder layer. In a< ferr . form,
the.fibroblastfeedm layer, previouslyrequixed to sustains. stem, cell culture, is mod  unnecessary by
the addition of scient last;growth factor, [00016] Fibriblastgrowtnfactors sre essectial for mammalian
development  There are cutretflynore then twenty kwwn Mast growth ia~ ii nds-and.five sl,  fiiuablast gr
factory epttrs ' (mod weir spl red ts), See : D. Gntstz  et a_I, 251 Riot. Chem. 152924 (1996), 'D,S.
patett :1153,357. Silgttt vassations in there  factDM are exsected. to =at between, skies, and thus the
term 1i blast growth factor is not  -species limited. However, we prefer to use human firr blast g rwth
factors, more preferably  human time fibroblast growth factor produced from a reeombinant:g e, This . '
is  readil3t ava iablein quantity from Gibee L T-eabnologies io and others. [00016] It should be noted
that for purposes of 't'ars patent the culture scat/ still be  essentially free of the speci-ed. serum even
though a discrete component (e<g. bovine seruan  albumin) has been isolated from, am=, and then is
exogennously supplies. ?'he point is that whet  



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] l?reierabit=tire primate embryatic.stem Celts
that are cultured using this method  are human embryonic stem cells that are true ES call Imes in that
they: (i) are capable of  indefinite proliferation in vitro in an undifferentiated state; (ii) are capable of
differentiation to  derivatives of an three embryonic germ: layers (endoderm, mesoderm, and
ectoderm) even after  prolonged culture; and (iii) maintain anonnia karyotype (are euploid) throughout
prolonged  culture. These cells are therefore referred to as being piuripotent [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 moats) while  3a ft 3425 fl'Cd74SZi6QS(4E35P0
maintaining the potential of the stem cells to dillrreraiatz into derivatives of m aodwhilemaintaulm  . tho
Laryotylse of t2testem cells  [0019] Also disclosed is a method of culturing primate . e. stem cam. One
cultures the stem cells m a culture essentially f ee of fetal a (preferat ly also essentially free of
any-animal serum) and in the of a  growth factor capable.af activating anbroblast Srowth {actor
sigualiugreceptor. wheith the  growth factor is suppli from a source other than just a iibtoblastt feeder
layer. While the  growth. factor. is preerably a flbobisst growth factor, it might also be other memiab
such as  certain synthetic smallpepiides:(e.g. ed by comb DNA variant or mutants)  desig edto activate
Oblast growth factor receptors. 1e-e Rmi xaIly T. Yamaguchi et EL, 152  Tien. Biol. 7548 (24:p2)(sa ).
[0020] Also disclosed is a culture system for culturing primate embryonic stem cells. It has a human
basis fbroblest gmwh factor supplied by at= than just  the fibroblast feeder layer. The cultuue system
is. llyfree of anirngI serM. [0021] Also disclosed are 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 Variability inresultsduetodifiesrencesinbatches of :..alserrmtasthey  avoided. Further, it has been
discov d that avail ug of ainmal serum while using  fibroblast growth actor can lac e the cfficiewy  of
cloning; 



[ 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 of tYae present i gve on wsII beccsme aplsareat after sandy b  nti  the sp ara an
and claims. DE,4ZBD DESC 'sI ., ON OF TBF, PPREFBRRLzD E&MODIlt2"NVTS [000241 in some Of
the following experiments oneofthe inventor here used the methods  and culture systems of the
invention to culture human, ES cell Ines without adding serum to the  culture medium. Two
c"tonaliyderived human ES cell lines proliferated for over eight months  after clonal derivation and
maintained the ability to differentiate to advanced derivatives of all  time embryonic germ layers when
cultured m a medium Without sin= 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
nbroblast growth factor (F`GF) aids the  culture and growth of human embryonic stem cells, even in
the absence of both serum and 4 WO 2C3t?6Ri3692(r)S PMUS2:005103as1o. f cells; -this permits the
culture of stem cells that have never been exposed either to animal  cells or to media in which animal
cells have been cultured. These stem cell cultivation  conditions (i.e. no feeder cells and no
conditioned medium) are referred to here as feeder  independent. Nor culture conditions have been
described, based on the use ofinedit3  conditioned with feeder cells, which are described as feeder
free. However, the use of  conditioned medium does not resolved the dependence on the use of f
ceder cells, which still  must be used to condition the medium, The techniques described here permit
the indefinite and  feeder independent culture oflaumm embryonic stem cells having normal type and
with  the-stern cells remaining undifictentiak& [000261 Techniques for the initial derivation, culture, and
characterization of the human  ES cell line I:H9 were described in f. Thomson gt aX 282 Science
1145-1247 (1998), The  experiments described below were conducted with this and other cell lines,
but the processes and  results are independent of the particular ES cells litres. (000271 It is described
here that the addition of fibroblast growth factor (FGF) aids in the  cultivation and cloning tpfhtaanaza
ES cells.: The addition of FGF is important in two distinct.  regards. First, the addition ofFCsF at
moderate levels (e.g. 4 nglsnl) permits the cultave of  undifferentiated human ES cells in a meth
devoid of set= At this level, the rate of  



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 euploid undifferentiated human ES cells in culture.  [00028) This first phenomenon is
believed to be actuated by, the action of FGFin  interacting with Fc F receptors in the human ES cells.
To avoid. the use of scram, it is not  particularly critical which of the many leravvn FGF va aa?ts ore
used in the culture. Here basic  FGF, or bEGF, also known as FGF2, is cottutionly used, but that is
only because bF'GE is one of  the readily commercially available members of the FGF family of
factors. more than twenty  different FGF family iu:. r beds have been identified, and they are ref to as
FGF-I through  FGF-27. While the concentration of FGF here is givers in a nounts of bptlp, 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
IrGF' family, For bFGF, the preferred concentration ofFGF in the ES cell medium is in  the range of
about 0.1 to about 1000 nglml, with concentrations in excess range of about 4 nglml  being useful to
avoid the creed. for serum in the medium. WO 2(u)(036925 PCTIUS2005/034510 [000291
Smprisingly, it has been found that for the second attribute of FGF in a human ES  cell medium, the
selection of the variant of FOP has some criticality. For this purpose it has  been found that when the
concentration ofbFGF is about 100 ng/ml, this condition, is sufficient  to avoid the need for both serum
and feeder cells, making the culture feeder independent, For  this purpose, it has been found that FGF
family members FGF2 (bFGF), FGF4, F , FGF17  and FGFnS,.are each sufficient at 100 nganl of
culture to make the human S cell culture feeder  independent By contrast, it has been found that FGF
family members FOR (acidic FGF)" POP 1(3, FGF3, FG 5, FGF6, FGF7, FGFS, FGFI0, FOF16, F~GF
19, and FOP 20 are not  sufficient at 100 nglnrl to 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 higher  concentrations of the particular FGF also would not succeed insupporting feeder
independence,  For FOF9, our data suggests that at this level (100 nglml) FGF9 supports human ES
cell culture  but the data has been slightly more equivocal. [000301 The exact minimal amount of the
effective variants ofF F that will suffice to  support human ES cells as feeder independent in culture is
not known with precision at this time,  but can he de ined by empirical tearing. It is known that for
FGF"2, that 4 ngtnti added to the  



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 medic . containing as little as 4 ngirnl will remain undifferentiated for  some 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 indefinitely undifferentiated and  euploid is demonstrated when the
cells are cultured for atleast six passages whale remaining  prolifc  g undifferentiated,. !old and while
maintaining the characteristic morphology of  btm.:n ES calls, As used here, a: ' ateaaance
concentration of an FGF is the concentrattion, of  that FGF necessary to support the maintenance of
human ES cells in an undifferentiated, euploid  and proliferating stale for at least. six passages. For
FGF2, the minimal maintenance  concentration is between 4 ng/mi and too nglml and the exact
minimal mainteraince  concentration can be determined by using the protocols below to interpolate
those amounts. For  each other effective FGP, e.g, FGF4, FGF9, FOF17, and FGF'l8, the
corresponding minimal  maintenance concentration for each FGF can be determined by similar testing.
[000311 Human. ES cell cultures in the defined human ES cell media desert ed 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 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 lr ' o . 7 .WO 20061 036925 P T1U 20O$/0345,j }  tOO0321
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 o3, 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 replacem ent originally optimized for  mouse cells (Gibco F3RL, Rockville, MD). The
components of KnockOut SR are these  described for scrum . replacements in WO 98130679;
[000341 In alternative experiments medium was supplemented with either se or the  aforesaid serum
replacer KnockOut SR, and either with or without human recombinant basic  fibroblast growth factor
(bFC E, 4 n rnl): The preferred concentration range cif WF F in ilia  culture was between A ngsml to
500 ng/ml, 1000351 To determine cloning efficiency under varying culture conditions, H-9 cultures
were dissociated to single cells for 7 minutes with 0.05% trypsinl0.25% I)Tz, washed by  centrifugation,
and plated on inherently inactivated mouse embryonic fibroblasts (1 Os ES calls  per well of a 6-well
plate). To confirm growth from single cells for the derivation of clonal ES  cell lines, individual cells
were selected by direct observation under a stercomieroscope and  transferred by micropiipette to
individual wells of a 96 well plate containing mouse embryonic  fibroblasts feeders with media
containing 20% serum replacer and 4 arg/mi bFGF. [000361 Clones were expanded by routine
passage every 5-7 days with I mgl i  colllagenase type IV (Gibed HILL, Rockville, MD). Six months
after derivation, H9 cells  exhibited a normal karyotype by standard C-banding techniques (20
chromosomal spreads  analyzed). However, seven months after derivation, in a single karyetype
preparation, 16/20  chromosomal spreads exhibited a normal karyotype, but 4120 spreads
demonstrated random  abnormalities, including one with a translc cation to chromosome 13 short arm,
one with an  inverted chromosome 20, one with a translocation to thenumber 4 short axial, and one
with  multiple 1`ragmnentation. Subsequently, at 8, 10, and 1175 months after derivation, H9 cells
exhibit normal ' - yotypes 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 s
was poor (regardless of the presence 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 additions: of  8 W0.200610692.> I'C"t US30051034510  FGF facilitated the
cultivation of human ES cells in general and is of particular help in  



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 efficiency), With 201fa, fetal and prob bFGF them was a result of 240 +/- 28, With 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 lt  with bFGF was
826 +1- 61, Thus, sermn adversely affected cloning efficiency, and the presence.  of the bFGF in the
absence of serum an added synergistic benefit insofar 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 bFGF, and (as noted above) the addition of bF GF  to s -conta ning uan edium does not
significantly increase human ES cell cloning efficiency,  However, in serum-free medium, bFGF
increased the initial cloning efficiency of human E  cells. [000401 Further, it has been discovered that
supplying exogenous bEGF is very important  for continued undifferentiated proliferation of inmate
bryoisic st cells in The absence of  animal s In ae : -roe medium lacking exogenous bFG ', human FS
cells ut f erroly  differentiated by two weeks of culture.Addition of other factors such as TLC (in the
absence of  bFCJP) did not prevent the differentiation. [000431 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 Fl-9 cells plated
into wells of 96 well: plates, two  clones were successfully expanded (1T-4.1 and I3-9.2), Both of these
clones were subsequently  cultured continuously in media supplirSted with semin replacer and lick :E
[000421 19.1 and Fi9.2 cells bath maintained a. normal karyotype even after more  than 8 months of
continuous culture after cloning, The 14-9.1 and FI-9.2 clones maintained the  potential to fain
derivatives of all three embryonic germ layers even after long tents culture. in  sera -flee medium, After
6 months of culture, I19.1 and fl92 clones were confirmed to have  normal karyotypes and were then
injected into Scm-beige mice, [000431 Both H,9,1 f and 119:2 cells formed teratomuas t contained
derivatives of all does  tinbayonic germ layers including gut epithelium (endoderm) embryonic kidney,
striated muscle,  smooth muscle, bone, cartilage (iaesodeait , and neural tissue (ectoderm), The range
of 9 O 2006/036925 PC" IUS20#$/ 63 .510  



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 can contain compounds both beneficial and  detrimental to human ES cell c l e. Moreover,
diflerem serum bawhesvary widely in their  ability to support vigorous undifferentiated proliferation of
human F cells. Replacing serum  with a clearly defined component reduces the variability of results
associated with this serum  batch variation, and should allow more carefully defined differentiation
studies. [000451 Further, the lower cloning efficiency in modiurn containing serum suggests the
presence of compounds in conventionally used serum that are deft a.entsd to stem cell survival,
particularly when the cells are dispersed to single cells. Avoiding the use of these compounds : is
thereforehighly> desired, [000461 feeder Indepenclern Culture [000471 Additional investigations later
were directed to the culture of ES cell lines in  higher concen- ions of 'GF but in the absence of both s
and feeder cells, Three di11bi nt  medium formulations have been -used in this work, and those
medicm formulations are referred  to here as UT-MI 00, BM+ and DJ . The nomenclature 100 refers
tounconditioned  medium to which has been added 100 ngfml of bFGF. The LTA41 medium does
contain the  Giboo Knockout Serum Replacer product but does not include or requir the use of
fibroblast  feeder cells of any kind. The 13....+ medium is basal medium (D b 12) plus additives;
described below, that also permits the culture of cells without feeder cet1.s, but this medium  omits the
serum replacer product, Lastly, the name Dk refers to a defined human embryonic  stem cell medium. '
medium, also described below, is safficient for the culture, cloning and  indefinite proliferation of hES
cells while being composed entirely of inorganic  constituents and only human proteins, as opposed to
the 13M rr ediuan wthi.ch contains bovine  albumin. 1000481 Culture ofhannan : S cells lines HI and
119 in UMI00/13M+Il? [00049j IJM100 media ws prepared as follows: unconditioned med(tiM)
consisted of  80% (vlv) DMEM/512 (Gibcotlnvitrogen) and 20% (v/v) Knockout-Scrum, Roplacer
(Gibcoflnvitrogen) supplemented withl glut ,.e (Gibcotlnvitrogeu), 0,1 mM  mercaptoethanol (Sigma -
St, Louis, MO), and I% nonessential atnino acid stole  (Gibco/Invitrogen), To complete the media 100
nglaul bI GF was add and the medium was  filtered through a 012 uMI nylon filter (Nalgone). 



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 ltgmil Transferrin (Sigma), 100 ugfrrsl bFGF, I g u
ine (Chicollnvitrc geii), 0:1 mM j3-mercaptaethanol (Sigma), and 1% nonessential annim acid stock
(Gibco/Invitrogen) were combined in D 12 (Cibcorlnvitrogen) and the o olabty was  adjusted to 340
anOsrn udth SM NaC1. The medium was then filtered t ugh a 0.22 nylon  filter (Nlalgene), [000511 T1
'M medium was prepared as follows: 16.5 mgfrzrl HSA (Sigma), 196 u, I  Insulin (Si ),108 p.gtlul Tr
Perrin (Sigma), 100 ng/ml bFGF, I n'uN4 glut 'ne (Gibe vit gerd, 0.1 i R-inerrcaptc et of (Sig =), I%
nonessential andim acid stock  (ibco/Invitr gen), vi in supplements ' (Sigma), trace minerals (Cell-gro ),
and 0,014 mgfL to 0.07 mg/L selenium (Sigma), were combined in D ; Iv1'F12 (Gibcollnvitrogen) and
the  osmolarity was adjusted to 340 mmcsni with SM NaCl. It is noted that the vitamin supplements  in
the medium may include thiamine (6.6 g 1L), reduced glutathione (2mg/L) and ascorbic acid  P04,
Also,. the minerals used in the medium area combination of Trace Elements 13 (Coll- gro , Cat 4:
99-175-Cl and (Cell- , Cat #k: 99-176-CI), each of which is sold as a  1,000 solution, It is well known, in
the art that Trace Elements B and C contain the same  composition as Cleveland's Trace Element T
and 11, p ectively. (See Cleveland, I,, goad,  i. Erlanger, &F, J inns. Methods 56: 221-234,1983) The
medium was then filtered through a  0.22uM nylon filter (algene). Fiinally, sterile, defused lipids
(Cszbcoilnvi gen) were added to  complete the medium. [00052) H1 orH9 human embryonic stem cells
previously growing sass F (mouse  embryonic fibroblast) feeder cells were mechanically passagedwith
dispase (1 mg/ml) and  plated onto 'gel (Becton Di dnn, Bedford, MA). Appropriate medium was
changed  daily until cell density was determined to be adequate for cell passage, Culls were then
passaged  with dispase as described and ma ntained on Matrige (Becton Dickinson), [000531 clro es
[00054[ To detem ine the growth rate of huir an ES cells in the various media, cells were  plated at a
density of about 5 x It7a cells/well in triplicate in 6-well tissue culture dishes  (Nalgene), On days 3, 5,
and 7 the triplicate wells were treated with s` DTA  (Cabeolhnvltrogen), individualized and cell
numbers were counted, On day 7, additional wells  were treated with hypsin, counted, and used to
re-seed a new plate at a cell density of about 2 x  



I 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 20a1 /O 4510  3 consecutive passages. Growth rate experiments show that l00 cut
ed human ES cells  g r o w as r o b u s t l y as N I - c u l t u r e d - human  culls. 10 005,51 Attachment
Dynamics [000561 To dot ire the attachment rate of human ES cells iu the various media cells  were
plated at a density of 2 x 105 cells/well in a ti-well tissue cult= dim (Nalgeue). At time.  points ranging
from 30 minutes to 48 hours unattached cells were washed away and attached  cells were removed
with trypsh TA (Cribooffuvi ) and counted- These experiments  were performed to examine if the
LJMlOO growth rate data was due to a combination of better  cell attachment and slower growth as
opposed to equivalent growth rates for UMIO0 and ,  We found that attachment pereeaatages were
equivalent for both media at all time points tested.  Thus, they grew at the sauce rate. [000571 FACS
Analysis of hES cells [000581 Human ES cells were removed from a 6-weld tissue culture prate (l a
gene) with  trypsin/EDTA (Gibca/Invitrogen) 2% chick serum (1CM Biomesdicals Inc., Aurora, OR)for
10  ruim at 370C. The cells were dills in an equal: volume of F ACS Buffer (PBS + 2% ES + 0, 1% :
Sodium Azide) and filtered through an 80 pr:MM cell strainer (Nalgome), Pellets were  collected for 5
asain, at 1000 RPM and resuspended in 7 ml 0,5% parafox . aldehyde; i4 an ES.  cells were fixed ford
0 mim at 37*C and the pellets were collected as described. The. ES cells  were resuspended in 2 r al
FMCS Buffer and total cell number was counted with a hemacytometer. Cells were polluted as
described and p eablized for 30 Train, on ice in 90%  methanol. llama;. ES cells were pedleted as
deserabbed and 1 x l Os calls were diluted into 1 rid of  FA.CS Buffer 4- 0,1% Triton 3t-100 (Sigma) in
a FAGS tube (Bectau Ili ckiaassard), hESC ware  polluted as described. and resuspended in 50 pal of
primary antibody dilated in SACS Buffer +  0.1% Triton X-100 (Sigma), Samples of appropriate control
antibodies -were applied in parallel. I ESC were incubated overnight at 4*C. Supernatants were poured
off and cells were incubated  in the dark for 30 mart, at room temperature in 50 }al of secondary
antibody (Molecular  Prdbestlrav trogen)~ FACS analysis was performed. in a Facscalibur (Becton
Dickinson) cull.  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 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 SSE-A4 and Tral-64, the process was performed as for O.ct- 4, except that the 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(16/03692i
PCT/US200$/O)U5io  appropriate antibodies in FAGS b er, again without Triton. The undifferentiated
ES cell  cultures averaged about 90% positive forthese two cell surface raaarleers as well. This was
demonstrated by FACE analysis discussed above. (1100591 Results (000601 Coils ofhuman ES cell
line l11 have now been cultivated in the LJMlOO medium  for over 33 passages (over 164 population
dnubi:ngs) while retaining the morphology and  characteristics of human ES cells, m cells were
cultivated in the BM+ medium for over 6  passages (70 days) while retaining the morphology and
characteristics of hums ES cells; 119  cells have been cultivated in T34IEM rn.edzusn far over 5
passages (67 days). Fl9 and Ff7 human  ES cells were also cultivated in L 1100 medium in an
undifferentiated state for 22 passages and  21 passages respectively. Subsequent testing of the l3M
and UM100-cultured cells established  normal karyot", [00061[ Study of forms of FF 1000521 Human
ES sells of line 1{i were cultured under standard conditions in.  conditioned medium for three passages
before being switched to the test media. For the test  conditions, cells were cultured on. conditioned
medium for 24 hours (day 0) and then switched to  the test media the next day (day 1). Thereafter the
cells were cultured in the res:pective test  media. The human ES cell line :119 was also cultured on,
Matrigel in conditioned media for five  passages before being switched to the test media in parallel.
[000631 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 cxrlture plates and  then the
cultures were treated with 1 nnil lipase (1 ing/un1) (Gibim/mvitrogen.) for 5-7 minutes at  37G, The
Dipase was then removed and replaced with 2 ml of the appropriate growth medium.  Using a S:rrtl
pipette, the cells were mechanically removed from, the tissue cultuxe plate and then  dispersed by
placating, The cells were then pelloted in a clinical centrifuge for 5 minutes at  1,000 rpm. The pellet
was then re-suspended in an appropriate volume of medium and reputed  



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), FGF1fl (isofonatt of acidic FGF),.FGF2 (basic FOF), FGF3, FGF4, FGF5,  PC 6, FGF7,
FGFS, FCT.F9, FCsF10, FoFtf, FGF17, FGFl8, FGF19, FCIF20, All EGFs were  purchased
commercially or produced in recombinant hosts. 13 wG xt i rn36s 5 t C U82nttsrt)3451l  1000651 The
competence of the P icuular FOE forta to support human ES cell cultures  was judged after each
passagc, The conditions which were judged to support h an ES cell  culture supported cultures that
proliferated appropriately in an undifferentiated state in culture,  independent of feeder cells, could be
passaged effectively, and continued to express the human cell markets Oct4, S 4, and Tral-60, The
conditions which were judged not to support  human ES cells in culture gave rise to cultures in which
significant differentiation of the cells  was apparent by morphological observation, and the cells were
unable to proliferate upon colony  passage. The FGF variants which supported human cell culture
were FGF2, EOE4, FGF17  and POEM }T,~h}e FGF variants which did not e support gm 'ntenancce of
the hsum a ES cells ilnan diIF. bated e.weir~ FOR, :L`3.FIB, 3:"GF!~, P431.3, FGF6, 1'.:. %, FGF9,
S'C+.Il1(,.FGF 16, FGFl9 and FOF2O. The results for the medium with FGF9 added were initially on
the margin.  Upon repeating the procedure, it appears likely that FGF9 supplemented at 100 g/ml can
also  support undiffer entiated human cells in culture, [000661 At the presser time, ut supplemented
voids F 4, F13P1..7 and FGT` tl have  supported undifferentiated human ES cell cultures of 1l cells for
S passages. Similar replicates  with FGF4, FGF9, FOFt 7, and FC3F 18 on human. ES cell lines 119
and 1114 have extended for 3  and 2 passages respectively. [000671 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 recc dy produced 3turrru basic
fibroblast gra-wth factor was  used in the above experiments, naturally isolated fibroblast growth factor
shouldl also be  suitable. Further, these techniques should also prove suitable for use on monkey and
or -bar  primate cell cultures, 10 00681 Thus, the claims should be, looked to in order to judge the fall
sctopa of the  



invention. Industrial A licabil1. 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, insulin or 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
concentration  that is at least as high as the maintenance concentration, the medium capable of
supporting the  culture 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, and wherein the human embryonic stem cells cultured using this method are at  least
90% undifferentiated and express Oct-4, SSEA4 or Tral-60. 2. The method of claim 1 , wherein the
culture is essentially free of any animal serum. 3. The method of claim I wherein the FGF is selected
from the group consisting of  FGF2, FGF4, FGF9, FGF17 and FGF78. 4. The method of claim I
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 stein cells 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. 



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  FGF2, FGF4, FGF9, FGFI7 and FGF18. 8. A culture of human embryonic stem cells
comprising:  human embryonic stem cells; and a stein cell 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 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, 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 in a concentration of at least about 100 nghml.
10. A culture of feeder independent human embryonic stein 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 consisting of FGF2,
FGF4, FGF9, FGF 17,  and FGFI 8, the culture being independent of feeder cells while the cells
remain euploid,  where at least 90% are in an undifferentiated state and express Oct-4, SSEA4 and
Tral -60. 1I. A culture as claimed in claim 10 wherein the fibroblast growth factor is present at a
concentration of at least about 100 nglml. 16 


