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[ 0006] Several nediumformulations will permt human
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[00010]It is another object of the present disclosure
to define culture conditions for human enbryoni c stem
cells that are as defined as possible while being
conpl etely i ndependent of feeder cells. [00011] O her
obj ects, features and advantages of the present
di scl osure will becone apparent fromthe foll ow ng
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chordih, FolTRESE, tg@F%s?ﬁulM Sk@bals RHRNSANTIHAS Snd anta onist
non-neural epithelial differentiation, whereas
antibodindspletficso g bahs ntopgfetghestici prbichi. t dlfferentlatlon to
any |ineage. The extracellular BWM? antagoni sts such
as noggin, gremin, chordin, inhibin, follistatin,
tw sted gastrul ati on and nmenbers of the DAN fam |y,
etc. can nodify, dimnish or totally nullify BWP
activities. On the other hand, sone signaling
pat hways can interrupt the-8BMP signaling
intracellularly. For exanple, the MAPK signaling
activated by fibroblast growh factor (FGF) can
inhibit the BMP signaling by preventing the Sinads



The nost potent known such antagonist is the protein

noggi n. Qher proteins known to function as

ant agoni sts of BMPs include gremin, chordin,

inhibin, follistatin, tw sted gastrul ati on and

menbers of the DAN famly. As nentioned above, other

proteins include TFGP and activin and ot her nol ecul es
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cells of Hebiin®BeposMQo30QRt R/ RREEH HSBERSMBANS él&i@?%itgiiﬁhﬁgonjst is

nost potent BMP inhibitor identified so far, _
selectqulrfoere nnggioggremlinyehordin, fgllistatingtvasteh sabtivtasied, wambers of the DAN

. dorssalizi.n ti.vity in Xenopus enbryos. use noggin
famils SRR g e RROUES Sokrieh 10 SRPRE Pro Rt RS 020,
protein wth 19 residu utatjve.signal peptide ..
o009 hax 1 § S alvied of BegementibaTone wisria e i spditions
for huﬁfaﬁ%ﬁﬂbpyo‘ﬁm & e 81ISRE RbRON 285 S MTMRELANR! inbluding both culture on
l'ycoprotein. Noggin is a highly conserved nolecule.
feedenviztls ned erotrseinrfoglpr-womhtioes] Melsmnd 83% aa sequence

ddentity with human and Xenopus noggin, respectively.
[00010Joggi nlthasncahet objecext thaptesem didclasnpnte dsfimncudiure evgrditions for

enbyyogenesis.. In the adult, noggjnh i.s. expressed i.n
humag HgbRRRICS ?Fé'.s&l&aéresa@@ﬁpﬁdawq%%ﬂgmlﬁgﬁ%wgﬂdy

inden®@ELIUISE@Lr LdigSUes such as lung, skeletal nuscle and
Hlep%&in. hbggfn has been shown to be a high-affinity BWP
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appardiit flond e ébltowihg Epdoffadatiast growt h factor (FGF) are

al so useful in the culture of stemcells with or

wi t hout conditioned nmedium Wile it has been
previously reported that the addition of FOP is a
useful additive to stemcell culture conditions, as
in WD 01166697, in that work, the FGF i'n the nedi um
in the work reported was basic FGF (bFGF or FGF2) at
concentration of 4 ng/m. Here it is reported that
culture with FGF at | evels approxinmately ten-fold

hi gher produces better results. The preferred
concentration of bFGF in the work reported here is 40
ng/m . Wile others of the various FGF variants al so
work for this purpose, the concentrations of other
FGFs woul d need to be adjusted to correspond to the
efficacy of this level of bFG-, which has been shown
by us to also inhibit the intracellular BY1l-9
activity. [00019] There appears to be a synergistic
rel ati onship between the effect caused by a BMW

ant agoni st and that caused by high levels of FOP in
the culture nedium In other words, the use of a high
| evel of bFGF, e.g. at 100 ng/m, will support
cultures of hES cells in an undifferentiated state

wi t hout feeder cells or conditioned nedium but so
will a lesser level of bFGF, e.g. 40 ng/m when

conbi ned wth the use of a*%NP ant agoni st such as
noggi n. Ei ther conbination nmakes the culture not just
"feeder free", which is a termused for cultures

whi ch nmake use of conditioned nedi um (conditioned




[00023]1t is worthy of mention that the observations -
-here i ndicate a fundanental difference between the-
mechani sns of "sel f-renewal anpng stemcells of - -
mamral i an speci es: The.conditions which support 'the
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the studi es. 026]1 nmunopr eci pi tati on and western
exalnplems c.thet ¢hagge QBBMP mmmﬂﬂlwd@i@ﬁwe@d Wil wgnalopmdiuse BRedlluBMP

105/ mL irra e .embryoni
sgnal g e sy R i RRR ST RN dag P Sonas
togetherGhibR G Eetcidion a5 ﬁﬁ‘ﬁhﬁ drhe eﬁ@@étlul@r BMY athddhists Subh as

nol ecul ar wei ght cut-off filter (MIIlipore) and
noggin, gramlin ghedinpintlag, follitatgs Svisted wastrdeisw addasmbemdf the DAN
remin S e g
family, ‘:C{c ct%lmc&%gé d]gIQ ﬁles% g I%\?g‘ﬁ) §é{ EMP%C%VR%& C?%i a?g‘*&}ﬂ“& some
mgnahng p@thﬁzla_f}izs cal mﬁeeﬂulpt e Be Si gnEh@g uﬂv%):em&zﬁ'ﬁf For example, the MAPK
el ectrophoresi zed on a 4% 20% i near gradient
Pol yacryl am de Tris-HCL Precast CGel (BioRad) for
western blotting. The anti bodi es agai nst nouse noggi n
and grem in were used for the imunoprecipitated
proteins, and anti bodi es aga|4nst human Snadl/ 5/ 8,
phosphor yI ated Smad1/5/8 (Cell Signaling Technol ogy),
BMP2/ 4 (R&D Systens), and |3-Actin (Abean) were used



GeneTest Nanme Forward Priner/ Reverse PrinmerSEQ ID
NO PCR Cycle # 1dl Q PCR Forward Priner 5 -GGI GCG
CTG TCT GIC TGA (SEQ I D NO. 1) Reverse Primer

5' - CTG ATC TCG CCG TTG AGE SEQ ID NO 2) 40 1d2Q PCR

* signalingael Gy oy PGP i SR ArOF CARGCEES B EGnE by

' preventﬁé%(@g@nla&% o n@c]ear translocation via phosphorylatlon of the linker domain of
the Smads. Actlvatlon of the transforming growth factor beta (TGF), Nodal, ot Activin.
signaling pathways may antagoniée the BMP signaling via intracellular cross-talk, such as
competition for Smad4 to enter the nucleus. It is anticipated that all of these molecules can
be used to antagonize BMP signaling to achieve the effects reported here.
[00015] It was also observed that the levels of bone morphogenetic protein (BMP)
stimulated intracellular signal 1s low is hu:manwES' cells grown in conditione& medium,
whereas the level of this same signal is high in human ES cells grown out in unconditioned
medium {(and without fibroblast feeder cells). Perhaps the effect of the conditioning of the
medium was due to inhibition of the effects of BMP inducing signals present in the
unconditioned medium. We therefore explored the possibility that antagonists of BMP
activity could act to enable the cultivation of human ES cells in culture and in an
undifferentiated state without the need for feeder cells or conditioned medium. It was
discovered, and is reported here, that this possibility was found to be correct. By |
antagonizing the activity of BMP, it has become possible to culfure human ES cells
indefinitely, while the cells retain all of the identifying characteristics of embryonic stem
cells.

[00016] There are a number of antagonists of BMP that can be used in this invention.
The most potent known such antagonist is the protein noggin. Other proteins known to
function as antagonists of BMPs include gremlin, chordin, inhibin, follistatin, twisted
gastrulation and members of the DAN family. As mentioned above, other proteins include
TFGP and activin and other molecules which activate the signaling pathway for MAPK. Ttis
not required that the antagonist protein be the human form of the protem. It is only required
that it be effective in culture to allow unconditioned medium to maintain ES cells without
differentiation. It is also possible to use as an antagonist antibodies spéciﬁc to all BMPsora
specific BMP. The particular protein chosen as the BMP antagonist is less important than
that the desired effect is achieved in that BMP signaling activity is inhibited by the molecule
added to the medium. The simplest and most straightforward way to accomplish this is to

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



40 1d3Q PCRForward Prinmer 5 -CIG GAC GAC ATG AAC CAC
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encodes%%ls aEI%Jllo %cmaa)lr%gidue precursor protein with 19 aa residue putative signal
peptide that is cleaved to generate the 213 aa residue mature protein which is secreted as a
homodimeric glycoprotein. Noggin is a highly conserved molecule. Mature mouse noggin
shares 99% and 83% aa sequence identity with human and Xenopus noggin, respectively.
Noggin has a complex pattern of expression during embryogenesis. In the adult, noggin is
expressed in the central nervous system and in several adult peripheral tissues such as lung,
skeletal muscle and skin. Noggin has been shown to be a high-affinity BMP binding protein
that antagonizes almost all BMP bioactivities.

[00018] It has also been found that high levels of fibroblast growth factor (FGF) are
also useful in the culture of stem cells with or without conditioned medium. While it has
been previously reported that the addition of FGF is a useful additive to stem cell culture
conditions, as in WO 01/66697, in that work, the FGF in the medium in the work reported
was basic FGF (bFGF or FGF2) at concentration of 4 ng/ml. Here it is reported that culture
with FGF at levels approximately ten-fold higher produces better results. The preferred
concentration of bFGF in the work reported here is 40 ng/ml. While others of the various.
FGF variants also work for this purpose, the concentrations of other FGFs would need to be
adjusted to correspond to the efficacy of this level of bFGF, which has been shown by us to
also inhibit the intracellular BMP activity.

[00019] There appears to be a synergistic relationship between the effect caused by a
BMP antagonist and that caused by high levels of FGF in the culture medium. In other
words, the use of a high level of bEGF, e.g. at 100 ng/ml, will support cultures of hES cells in
an undifferentiated state without feeder cells or conditioned medium, but so will a lesser level
of bFGF, e.g. 40 ng/ml when combined with the use of a BMP antagonist such as noggin.
Either combination makes the culture not just “feeder free”, which is a term used for cultures
which make use of conditioned medium (conditioned with feeder cells) but completely
“feeder independent,” meaning entirely independent of the need for feeder cells of any kind
at all.

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

-6-
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[06021] A related concern in the culture of human ES cells is to remove, to the extent

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

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

systems.



Reverse Primer 5" -1TT ATA CCT CGG OCT TOT GGG (¥ SEQ
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19) Priner CCT CAT CTG AAT Cl1 CTC CGE SEQ I D NGO 20)
Neur oD1 RT- PCR Forward Primer

EXAMPLES
[00024] Methods and materials
[00025] Media and cell culture. Unconditioned medium (UM) contained 80%
DMEM/F12 and 20% KINOCKOUT serum replacement, and was supplemented with 1 mM
L-glutamine, 1% Nonessential Amino Acids (all from Invitrogen), and 0.1 mM B-
mercaptoethanol (Sigma). Conditioned medium {(CM) is prepared by incubating
unconditioned medinm with mouse embryonic fibroblasts overnight and collecting the
medium afterwards, which is then supplemented with 4 ng/m1 bFGF and refrigerated to be
used within 2 weeks. hESCs were cultured on plates coated with Matrigel (BD Scientific) in
CM or UM with or without either 0.5 pg/mi mouse noggin (R&D Systems), or 40 ng/ml
human bFGF (Invitrogen), or both, and propagated by using 2 mg/ml Dispase (Invitrogen) to
loosen the cell colonies. For evaluation of Oct4™ cell number, suspended colonies containing
35,000 cells were added to each medium in multiple wells and cultured for 7 days, Cells
were harvested and counted on days 1 and 7, and Octd” cells on day 7 were detected by
fluorescence-activated cell sorting (FACS, see below). Embryoid bodies (Ebs) were formed
by suspending hESCs that had been cultured in CM or UM/bFGF/noggin (UMFN), as cell
clumps in UM on a non-coated plate, and culturing them on a rocker for 7 days. The EB cells
were then re-plated in DMEM medium supplemented with 10% fetal bovine serum on
gelatin-coated plate and cultured for 5 days followed by harvesting and reverse transcription-
PCR (RT-PCR) analysis. Experiments were repeated multiple times and ANOVA was used
for statistic analysis throughout the studies.
[00026] Immunoprecipitation and western blotting. 15 mi of DMEM/F12 medium
was conditioned on 2.12 x 10°/ml irradiated mouse embryonic fibroblast cells in a T75 flask
overnight. The medium was collected and concentrated to about 0.7 ml with a 5 kD
molecular weight cut-off filter (Miih'pore) and immunoprecipiated with goat anti-mouse
noggin and gremlin antibodies (R&D Systems) (5 pug each) or 10 pg goat IgG as a negative
control. The precipitated proteins or cell lysates (Fig. 2A) were electrophoresized on a 4%—
20% linear gradient Polyacrylamide Tris-HCI Precast Gel (BioRad) for western blotting. The
anfibodies against mouse noggin and gremlin were used for the immunoprecipitated proteins,
and antibodies against human Smad1/5/8, phosphorylated Smad1/5/8 (Cell Signaling
Technology), BMP2/4 (R&D Systems), and B-Actin (Abcam) were used for the cell lysates,
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[00027] BMP/Smad-Luciferase Reporter Assay. hESCs cultured in CM were
transfected with a BMP/Smad-responsive firefly luciferase reporter plasmid, pID120-Lux,
together with trace amount of ﬁRLutk plasmid (Promega) to express Rgnilla huciferase as an
mternal control. One day post-transfection, the cells were treated varibusly for24 h. Cell
lysates were extracted and both the firefly and Renilla Iuciferase activities tested by using the
_ Dual-Luciferase Reporter Assay System (Promega) on a 3010 Luminometer (BD
Biosciences). Resulis were recorded as the firefly luciferase activity normalized by the
Renilla luciferase activity.

[00028] Quantitative-PCR and RT-PCR. Total cellular RNA was extracted by
RNeasy kit (Qiagen), and treated with RNase-free DNase according to the manufacturer 5
i_nstructions. One pg RNA was reverse ﬁanscn'bed to cDNA with Improm-II Reverse
Transcription System (Promega). Quantitative-PCR was performed by using the SYBR
.gfeen Q-PCR Mastermix (Stratagene) on the AB 7500 Real Time PCR System (Applied
Biosystems) under the following conditions: 10 min at 95°C, 40 cycles of 30 sec at 95°C, 1
min at 60°C, and 1 min at 72°C, and 3 min extension at 72°C. GAPDH transcript was tested
as an endogenous reference to calculate the relative expression levels of target genes
according to Applied Biosystems',’ instructions. For RT-PCR, following conditions were
used: 3 min at 94°C, various cycles (see helow) of 20 sec at 94 °C, 30 sec at 55 °C, and 1 min
£ 72°C. The PCR reactions were separated on gel by electrophoresis and the DNA bands
were visualized under ultraviolet light for photography. The primer sequences and PCR

cycle numbers are listed below.
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medi um at .a concentration of at |east %

concentration of noggin or bFGF. 500 ng/ml Noggin and 40 ng/ml bFGF had synergistic
effect in reducing the reporter activity to the level similar to that achieved by CM. Somewhat
surprisingly, even higher levels of bFGF (100 ng/ml) reduced BMP signaling to a level
comparable to that found in CM without the addition of noggin. These results suggest that
serum replacement indeed contains BMP-like activity, which can be reduced by noggin

and/or bFGF,
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961081 00004 Seq List SEQUENCE LI STI NG <110> Thonson,
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(961081 00004) <160> 28 <170> Patentln version 3.3

000 FE102 s AR Bt A EARL o AT s rvisly
showitoetd @a@ O Eﬁﬂ]@%@mﬁﬁé bk hidthd andPhduse ESCs. We therefore
examined the expression of Id genes as a second indicator of BMP signaling activity in
bESCs cultured in various media. IdJ/-4 transcripts were higher in hESCs (H9) cultured for
24 hin UM or CM + BMP4 than in cells cultured in CM, and addition of noggin to UM
reduced expression of the Id genes,

[00038] UM/bFGF/noggin sustains undifferentiated proliferation of hESCs. UM
supplemented with 0.5 wg/ml noggin and 40 ng/ml bFGF sustained undifferentiated
proliferation of hESCs. H1 cells were plated at an equal number and cultured for 7 days in
CM, UM, UM plus bFGF, UM plus noggin, or UM plus bFGF and noggin. Oct4" cell
numbers were significantly higher after 7 days in CM and UM/bFGF/noggin than in UM,
UM/bFGF, or UM/noggin. Intermediate Octd™ cell numbers were detected in UM/bEGF and
UM/noggin, suggesting a synergistic effect between noggin and bFGF. hESCs cultured in
UM/bFGF or UM/moggin could be propagated for multiple passages, but differentiated cells
accumulated in either the middle (in UM/bFGF) or edge (in UM/noggin) of the hESC
colonies. Increased differentiation also occurred in cells cultured in UM/bFGF/noggin if the
noggin concentration was reduced to 0.1 pg/ml and the bFGF concentration was reduced to
10 ng/ml. The noggin in UM/bFGF/noggin could be substituted by gremlin (5 pg/ml) or a
soluble BMP receptor [A (0.5 ug/ml) (data not shown), supporting that noggin’s effects are
indeed through the interruption of BMP receptor activation by BMPs.

[00039] Three different hESC lines (H1, H9, and H14) that had been expanded in
UM/MFGF/noggin for more than 40 days (7, 6, and 6 passages, respectively) remained
positive for Octd, but subsequently differentiated if switched to UM lacking bFGF and
noggin. UM/bFGF/noggin-cultured hESCs continued to express other ES cell markers,
including Nanog and Rex!, and the cell surface markers SSEA4 and TRA-1-60 (data not
shown). Even in the best cultures, hESCs are mixed with a small percentage of
spontaneously differentiated cells. For example, low levels of the trophoblast marker
chorionic gonadotropin B-subunit (CGp) can be detected in CM-cultured ES cells, indicating
the existence of small populations of trophoblast. This marker, however, was not detectable
in UM/bFGF/noggin-cultured celis. The neural progenitor markers Pax6 and NeuroDI, the
mesodermal marker brachyury, and the endodermal marker HNF3a were all negative in CM-
and UM/bFGF/noggin-cultured hESCs. Thus, ES cells propagated in UM/bFGF/noggin
maintained characteristic ES cell markers following extended culture.
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<213> Artificial <220> <223> Synthetic PCR Primer

<400> 2 ctgatctcgc cgttgaggl8 <210> 3 <211> 20 <212>
WEONROSHISES Artificial <220> <223> Synthetic PCRCRUS2S/017931

<400> 3 gcagcacctc atcgactaca20 <210> 4 <211> 20

[0004(%2 12> Mérseiaérlﬁédfhﬁé(% aﬂ:<e% %ongmerm culture in UM/bFGF/noggin. HY
cells were continuously cultured in UM/bFGF/noggin for 32 passages. H1 and H14 cells
cultured in UM/bFGF/noggin were frozen after passages 20 and 16, respectively. H14 cells
were subsequently thawed directly into UM/bFGF/noggin and culiured to passage 18. The
population doubling time and percentage of Oct4" cells of both H9 and H14 cells cultured in
UM/bFGF/noggin for 27 and 18 passages, respectively, were similar to those for CM-
cultured control hESCs.

[00041] UM/bFGF/noggin maintains the developmental potential of hHESCs. When
treated with BMP4 in CM for 3-7 days, hESCs that had been previously cultured in
UM/bFGF/noggin for 10 passages differentiated into a flattened epithelium and secreted
human chorionic gonadotropin (HCG) into the medium, indicating trophoblast

differentiation. Embryoid bodies (EBs) derived from H1 cells cultured in UM/bFGF/noggin
for 5 passages, and from control CM-cultured cells, expressed the trophoblast marker cGp
and markers of the three germ layers, including Pax6, NeuroD1, brachyury, and HNF3¢. EB
cells also had reduced expression of the ES cell markers Oct4, Nanog, and RexI. H1 and H9
cells cultured in UM/bFGF/moggin for 7 and 6 passages, respectively, were injected into
SCID-beige mice. Teratomas exhibiting complex differentiation developed in the mice 5-6
weeks post-inoculation.

[00042] UM/bFGF/noggin-cultured ES cells are karyotypically normal. H1 cells
cultured in UM/bFGF/noggin for 5 passages, H9 for 33 passages, and H14 for 19 passages
were karyotyped by standard G-banding, and chromosomes 12 and 17 were examined by
fluorescence in situ hybridization. The cells retained normal karyotypes.

[00043]) ES cells cultured in defined and humanized system remain
undifferentiated. Although replacement of the CM with UMFEN has eliminated the need for
mouse-derived feeder cells, the UM still contained fetal bovine serum-derived albumin
extract — an incompletely defined component, and the plate-coating material Matrigel is a
solubilized basement membrane matrix extracted from 2 mouse tumor. Thus, further
removing these animal materials was thought to be appropriate to define a humanized culture
system for human ES cells. We first searched for a defined and humanized serum
replacement to substitute for the KNOCKOUT SR product previously used, and Sigma’s 50x
Seral Replacement 3 (SR3) which is composed of three human proteins: albumin, insulin, and
transferrin was considered. It has been shown that laminin can substitute for Matrigel to coat
plates for human ES cell culture in the CM. We then established a system where human ES
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| <223> Synt hetic PCR Pri rré_r <400> 4 aattcagaag '

- cctgcaagga20 <210> 5 <211> 20 <212> DNA <213> .
Artificial <220> <223> Syntheti-c PCR-Prinmer 961081
00004 Seg List <400> 5 ct ggacgaca tgaaccact g20 <210>

eeHs We?e éu %u]i*zd gr? Ia?nznji:t%?coate p?a%g's? gn imna {HK/ICI %ltanirzlg 9 X SR3 mstead of
KNOCKOUT SR, plus 40 ng/ml FGF2 and () 5 pg/ml noggm ES cells in this system also
retamed ES cell 1dent1ty after multiple weekly passages. Therefore, thlS combination makes
up a defined and humanized culture system suitable for human ES cells.

[00044] These sets of data, taken together, demonstrate that feeder cells and
conditioned medium can be avoided by the use of culture conditions including a bone
morphogenetic protein antagonist, like no ggin, together with an FGF. The other constituents
of the culture medium can then be selected to avoid animal products.‘ The result is a highly
defined medium that permits the long term culture and proliferation of human embryonic

stem cells while retaining all of the potential of those cells,
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, <223> Synthetic PCR Priner <400> 6 gtagtcgatg
acgcgct gt a20 <210> 7 <211> 25 <212> DNA <213>
Artificial <220> <223> Synthetic PCR Primer <400> 7
at gaaggcgg tgagcccggt gcgcc25 <210> 8 <211> 25 <212>
DNA <213> Artificial <220>.<223> Synthetic PCR Pri mer
<400> 8 tgtggccgtg ctcggccagg cagcg2s

CLAIMS:

1. A method for culturing human embryonic stem cells in a feeder independent culture, the

method comprising the step of

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

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

antibodies specific to a bone morphogenétic protein.

2 The method of claim 1 wherein the medium includes the fibroblast growth factor in a

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

4. The method of claim 1 wherein the fibroblast growth factor is bFGF at a concentration of
40ng/ml.
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<210> 9 <211> 20 <212> DMA <213> Artificial <220>
<223> Synthetic PCR Prinmer <400> 9 gagtccactg
gcgtcttcac20 <210> 10 <211> 20 <212> DNA <213>
Artificial <220> <223> Synthetic PCR Prinmer <400> 10
ctcagtgtag cccaggatgc20 <210> 11 <211> 21 <212> DNA
<213> Artificial <220> <223> Synthetic PCR Priner

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

human embryonic stemn cells and
_ aculture medium, the culture medium comprising salts, vitamins, amino acids, glucose, a
fibroblast growth factor and a bone morphogenetic protein signaling antagonist in sufficient
amount to maintain the stem cells in an undifferentiated feeder independent state, the medium
being free of feeder cells and never having been exposed to feeder cells, .

wherein the bone morphogenetic protein is selected from noggin, gremlin, chordin,
follistatin, twisted gastrulation, members of the DAN fémily and antagonist antibodies

specific to a bone morphogenetic protein.

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

noggin.

7. A cell culture as claimed in claim S5or6 wher_ein _the medium includes the fibroblast growth

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

8. A cell culture as claimed in 5, 6 or 7 wherein the medium further comprises proteins

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

10. A cell culture as claimed in claim 8 wherein the proteins are recombinant proteins.
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961081 00004 Seq List <400> 11 gggaaggtat tcagccaaac

<210> 12 <211> 20 <212> DNA <213> Artificial 21

<220> <223> Synthetic PCR Prinmer <400> 12 ggttcgcttt

ctctttcggg20 <210> 13 <211> 23 <212> DNA <213>

Artificial <220> <223> Synthetic PCR Priner <400> 13
1Laat meiihe fg cdutice agoaguicatiaR &l i o feeden independent culture, the medium

comprising salts, vitamins, amino acids, glucose, a fibroblast growth and a bone morphogenetic '
protein antagonist in sufficient amount to maintain stem cells growth in the medinm an
undifferentiated state without exposure to feeder cells or medium exposed to feeder cells,

wherein the bone morphogenetic protein antagonist is selected from noggin, gremlir, chordin,
follistatin, twisted gastrulation, members of the DAN family and antagonist antibodies specific to

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

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

the group consisting of albumin, insulin and transferin.

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

medium at a concentration of at least 4 ng/ml.
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<120>
<130>
<160>
<170>
<210>
<211>
<212>
<213>

<220>
<223>

<400>

<211> 22 <212> DNA <213> Artificial <220> <223>
Synthetic PCR Prinmer <400> 14 caaagcagcc tccaagtcac
tg22 <210> 15 <211> 22 <212> DNA <213> Artifici al
<220> <223> Synthetic PCR Prinmer <400> 15 cctggaggaa
tacctggcat tg22 <21(P5619%l 99404 se@ Li312> DNA <213>
Artificial <220F29%E dai{detic PCR Priner <400> 16
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19

DNA

Artificial

synthetic PCR Primer

1

ggtgcgctgt ctgtctgag

<210
<211>
<212>
<213>

<220>
<223>

<400>

2

18

DNA
Artificial

Synthetic PCR Primer

2

ctgatctcgc cgttgagg

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

<220>
<223>

<400>

3

20

DNA
Artificial

Synthetic PCR Primer
3

gcagcacctc atcgactaca

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

<220>

<223>

<400>

4
20

DNA
Artificial

Synthetic PCR Primer

4

aattcagaag cctgcaagga

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

<220>
<223>

5

20

DNA
Artificial

synthetic PCR pPrimer
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<210> 17 <211> 24 <212> DNA <213> Artificial <220>
<223> Synthetic PCR Prinmer <400> 17 tgagatcact
tcaccgtggt ctcc24 <210> 18 <211> 22 <212> DNA <213>
Artificial <220> <223> Synthetic PCR Prinmer <400> 18
tttatacctc ggggtt gt ggt §220000% 199 Lg <211> 23 <212>
<400> DHA <213> Artificial <220> <223> Synthetic PCR Pri ner

ctggacgdQ0tgdfrcegtecat ctt tgcttgggaa atc23 <210> 20 <211> g
23 <212> DNA <213> Artificial <220> <223> Synthetic :

<210> P&ER Pri ner

<211> 20
<212> DNA
<213> Artificial

<220> :
.<223> Synthetic PCR Primer

<400=> ©
gtagtcgatg acgcgctygta 20

<210> 7

<211> 25

<212> DNA

<213> Artificial

<220> T
<223> Synthetic PCR Primer

<400> 7 .
atgaaggcgg tgagcecggt gegec 25

<210> 8

<211> 25

<212> DNA
<213> Artificial

<220>
<223> synthetic PCR Primer

<400> 8 )
tgtggccgtg ctcggccagyg cageg 25

<210> 9

<211> 20

<212> DNA

<213> Artificial

<220>
<223> synthetic PCR Primer

<400> 9
gagtccactg gcgtcttcac ’ ) 20

<210> 10

<211> 20

<212> DNA

<213> Artificial

<220> .
<223> Synthetic PCR Primer

<400> 10 o
ctcagtgtag cccaggatgc 20

<210= 11
<211> 21

<212> DNA
Page 2



<400> 20 gagcctcatc tgaatcttct ccg23
24 <212> DNA <213> Artificial

<210> 21 <211>

<220> <223> Synthetic

PCR Prinmer <400> 21 aagccat gaa cgcagaggag gact 24
<210> 22 <211> 20 <212> DNA <213> Artificial <220>

13 <g %}ic%nt hetic PCRIPIHePOOM63eBE190004 Seq Li st
agctgtccat ggtaccgtaa20 <210> 23 <211> 24

<220 <212> DNA <213> Artificial
<223> synthetic PCR Primer

<400> 11
gggaaggtat tcagccaaac g

- <210> 12

<211> 20

<212> DNA

<213> Artificial

<220> _ _
<223> sSynthetic PCR Primer

<400> 12
ggttcgettt ctetticggg

<210> 13 -

<211> 23

<212> DNA

<213> Art1f1c1a1

<220>
<223> Synthetic PCR Primer

<400> 13
aatacctcag cctccagcag atg

<210> 14

<211> 22

<212> DNA

<213> Artificial

<220> . i
<223> synthetic PCR Primer

<400> 14
caaagcagcc tccaagtcac tg

<210> 15

<211> 22

<Z212> DNA

<213> Artificial

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

<400> 15
cctggaggaa tacctggcat tg

<210> 16
<211> 20
<212> DNA
<213> Artificial

<220> . .
<223> Synthetic PCR Primer

<400> 16
tctgaggaca agcgattgcg

<220>
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<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

<223> synthetic PCR Priner <400> 23 aacccaactg
t ggagat gat gcag24 <210> 24 <211> 24 <212> DNA <213>
Artificial <220> <223> Synthetic PCR Prinmer <400> 24

aggggcttca ctaat aact g, 9050002, 25.<211> 21 <212>
DNA <213> A«tificialgg%%g>og§%%§e%§ﬂ?ﬁetlc PCR Pri ner
<4D0> .25 ccaagccgcc ttactcctac a <210> 26 <211> 21
<§3A2> DNA <213> Artificial <220>

Artificial

Synthetic PCR Primer
17

tgagatcact tcaccgtggt ctcc

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

<220>
<223>

<400>

18

22

DNA
Artificial

Synthetic PCR Primer
18

tttatacctc ggggttgtog gg

<210
<211>
<212>
<213>

<220>
<223>

<400>

19

23

DNA )
Artificial

Synthetic PCR Primer
19

cgtccatctt tgcttgggaa atc

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

<220>
<223>

<400

20

23

DNA
Artificial

Synthetic PCR Primer
20

gagcctcatc tgaatcttct ccg

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

<220>
<223>

<400>

21

24

DNA
Artificial

Synthetic PCR Primer
21

aagccatgaa cgcagaggag gact

<210>
<211
<212>
<213>

<220>
<223>

22

20

DNA
Artificial

Synthetic PCR Primer
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<223> Synthetic PCR Prinmer <400> 26 cgcagat gaa
gacgct ggag a2l <210> 27 <211> 25 <212> DNA <213>
Artificial <220> <223> Synthetic PR Priner <400> 27

t ggcaccaca ccttctacaa tf%3025 <210> 28 <211> 25 <212>
DNA <220> <223> Sy#flRgt i R0PRewrilgEr <400> 28
<400> J9cacagcttc tccttaatgt cacgc25

agctgtccat ggtaccgtaa 20

<210> 23

<211> 24

<212> DNA
<213> Artificial

<220> ) )
<223> synthetic PCR Primer

<400> 23 , '
aacccaactg tggagatgat gcag 24

<210> 24

<211> 24

<212> DNA |
<213> Artificial

<220> . .
<223> Synthet1c PCR Primer

<400> 24 * '
aggggcttca ctaataactg gacg 24

<210> 25
<211> 21
<212> DNA =~
<213> Artificia

<220> . .
<223> Synthetic PCR Primer

<400> 25 .
ccaagccgece ttactcctac a , . : 21

<210> 26

<211> 21

<212> DNA
<213> Artificial

<220> i
<223> synthetic PCR Primer

<400> 26 . '
cgcagatgaa gacgctggag a 21

<210> 27

<211> 25

<212> DNA
<213> Artificial

<220> . .
<223> Synthetic PCR Primer

<400> 27 - ’ : . -
tggcaccaca ccttctacaa tgagc : 25

<210> 28
<211> 25

<212> DNA
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<213> Artificial

<220>
<223> Synthetic PCR Primer

<400> 28
gcacagcttc tccttaatgt cacgc
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