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BACKGROUND OF THE INVENTION
The present invention relates to methods for
culturing primate embryonic stem cell cultures and
culture media useful therewith.

10 Primate (e.g. monkey and human) pluripotent
embryonic stem cells have been derived from
preimplantation embryos. See U.S. patent 5,843,780 and
J. Thomson et al., 282 Science 1145-1147 (1998). The
disclosure of these publications and of all other

i5 publications referred to herein are incorporated by
reference as if fully set forth herein. WNotwithstanding
prolonged culture, these cells stably maintain a
developmental potential to form advanced derivatives of
all three embryonic germ layers.

20 Primate (particularly human) ES cell lines have
widespread utility in connection with human developmental
biology, drug discovery, drug testing, and
transplantation medicine. For example, current knowledge
of the post-implantation human embryo is largely based on

25 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.
Although the mouse is the mainstay of experimental

30 mammalian developmentai bioclogy, and although many of the
fundamental mechanisms that control development are
conserved between mice and humans, there are significant
differences between early mouse and human development.
Primate/human ES cells should therefore provide important

35 new insights intc their differentiation and function.



BACKGROUND COF THE | NVENTI ON The present invention relates to nethods for
culturing primate enbryonic stemcell cultures and culture nedia useful
therewith. 10 Primate (e.g. nonkey and human) pluri potent g0t YiBhi ¢ stem

cell s have rived from preinplantation enbryos. ent
5, 843, 780 é‘ﬁgmﬁ%morrson et al., 282 Science 1145-1147 ( voddfh

di scl osure of these publications and of all other 15 publications referred
to herein are incorporated by reference as if fully set forth herein.

Not wi t hst andi ng  pr ahm@ednedbtdhegethesewe! Iox @tﬁ%zerfﬁsnééigs dcould

devel opmental potential tq form advanced derivatives of
enbryoni ¢ ger m Payeied 5o igenkafy opne thangehs Forumren) dEE'sgéeI‘Im(Pqin’é% have

wi despread utiltéat ltrb:ﬁ@m@cbhsoae%wgém diewworé@sﬁpbahdsbl&ﬂl@wse@fug
di scovery, dr u%ﬁt esti n ransgl ant ati on nedici ne. For exanple

current know e &aﬁ eFiPRpFanteRiASe (Sran PORBLSB1PES | M gel y based
on 25 a &ini teohmzsm otposteﬂtmlhd:@xﬁd&@gm:aalths&cmgnﬁ be Besadisea aby et hi cal

consi derations the ,under| nmech cont rol he devel oprrent al
deci si ons of tHE a4 pl’]réﬁg%té%&g%% LNERalRY ﬁn@% Prgied. -

Al t hough t he rml?macmrssdﬂ*ie dasaatsay @Eircei)a]ﬁmnf%.&b&ls §Qv6ﬁﬂD@—|-cbz@é\et
devel opnent al b&o g ;tlhou%% \r;]g%ﬁ%of t he fundarre mecrtlanl sns
that control deverdpieht® gonaa? écf]\ﬁéenﬂ%—cg—grﬁd tike are
significant didXeriEhgesunet Menee]amégpgmm%ﬂwbenraandeyel@ﬁtﬂl{&rt,

10 282 Science 1061-2 (1998).

Long term proliferative capacity, developmental
potential after prolonged culture, and karyotypic
stability are key features with respect to the utility of
primate embryonic stem cell cultures. Cultures of such

15 cells (especially on fibroblast feeder layers) have
typically been supplemented with animal serum (especially
fetal bovine serum) to permit the desired proliferation
during such culturing.

For example, in U.S. patents 5,453,357, 5,670,372

20 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.

25 In WO 98/30679 there was a discussion .of providing a
serum-free supplement in replacement for animal serum to
support the growth of certain embryonic stem cells in
culture. The serum replacement included albumins or
albumin substitutes, one or more amino acids, one or more

30 vitamins, one or more transferrins or transferrin
substitutes, one or more antioxidants, one or more
insulins or insulin substitutes, one or more collagen
precursors, and one or meore trace elements. It was noted
that this replacement could be further supplemented with

35 leukemia inhibitory factor, steel factor, or ciliary
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bat ch, nutrient serum is not described.

o In U.S5. patent 5,405,772 growth medium for
hematopoietic cells and bone marrow stromal cells are
described. There is a suggestion to -use £ibroblast
growth factor in a serum-deprived media for this purpose.
However, conditions for growth primate of embryonic stem
cells are not described.

.It can therefore be seen that a need still exists
for techniques to stably culture primate embryonic stem
cells without the requirement for use of animal serum.

BRIEF SUMMARY OF THE INVENTION

In one aspect the invention provides a method of
culturing primate embryonic stem celis...One cultures the
stem cells in a culture essentially free of mammalian
fetal serum (preferably also essentially free of any
animal serum) and in the presence of fibroblast growth
factor that is supplied from a source other than just a
fibroblast feeder layer. 1In a preferred form the culture
may hgve_a'fibroblast feéder_iayer..‘

Fibroblast growth factors are'éésential molecules
for mammalian development. There are currently nine
known fibroblast growth factor ligands and four signaling
fibroblast growth factor receptors therefor (and their
spliced variants). See generally D. Ornitz et al., 25 d.

_Biol. Chem. 15292-7 (1996); U.S. patent 5,453,357,

- Slight variations in these factors are expected to exist

between species, and-thus the term fibroblast growth
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bovine serum albumin) has been isolated from serum and
then is exogenously supplied. The point is that when
serum itself is added the variability concerns arise.
However, when one or gmore well defined purified
component (s) of such serum is added, they-do not.
Preferably the primate embryonic stem cells that are
cultured using this method are human embryonic stem cells
that may be true ES cell lines in that they: (1) arercapable
'of indefinite prollferatlon in vitro in an - ' o o
undifferentiated state; (ii) are capable of
differentiation to derivatives of all three embryonic
' germ layers (éndoderm, mesoderm, and ectoderm) even after
prolonged culture; and (iii) maintain a normal karyotype
throughout prolonged culture. They are therefore
referred to as being pluripotent.
The culturing permits the embryonic stem cells to
stably proliferate in culture for over one month
{preferably over six menths; even more preferably over
twelve months} 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.
In another aspect the invention provides another
method of culturing primate embryonic stem cells. One
‘cultures the stem cells in a culture essentially free of
marmmalian fetal serum (preferably also essentially free

of any animal serum) and in the presence of a growth
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G owt 1 acTEY B GRICRT AP T8 PecoRBE raRiearky T e gp0tnaE o read: | y
avai | abl e &h., 152 Dev. Biol. 75-88 (1992) (signaling receptors).
: ' In yet another aspect the invention provides a
culture system for culturing primate embryonic stem
o — cells. It has a fibroblast feeder layer and human basic R
fibroblast growth factor supplied by other than just the
fibrpﬂ?ast feeder layer. The culture system is
eséenfially free of animal serum.
A Yet another aspect of the invention provides cell
lines (preferably cloned cell lines) derived using the
above method. ™“Derived” is used in its broadest sense to
cover directly or indirectly derived lines.
Variability in results due to differences in batches
of animal.serum may thereby be avoided. Further, it has been
discovered that avoiding use of animal serum while using

fibroblast growth factor may increase the efficiency of cloning.

It is therefore an advantage of the present
.invention to provide culture conditions for primate
embryonic stem cell lines where the conditions are less
variable and permit more efficient cloning. Other
advantages of the present invention will become apparent
after study of the specification and claims..

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following experiments I used the methods and
culture systems of the invention to culture human ES cell
lines. Two clonally derived human ES cell lines

proliferated for over eight months after clonal
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MD}, 1 mM L-Glutamine, 0.1 mM p-mercaptoethanol, and 1%
nonessential amino acids stock (Gibco BRL, Rockville,
MD} , supplemented with either 20% fetal bovine serum
{(ByClone, Logan, UT} or 20% KnockOut SR, a serum—free

i5 replacement originally optimized for mouse ES cells
(Gibco BRL, Rockville, MD). The components of KnockOut
SR are those described for serum replacements in WO
98/30679.

In alternative experiments medium was supplemented

20 with either serum or the aforesaid serum replacer
KnockOut SR, and either with or without human recombinant
basic fibroblast growth factor (bFGF, 4 ng/ml). The
preferred concentration range of bFGF in the culture is
between .1 ng/ml to 500 ng/ml.

25 To determine cloning efficiency under varying
culture conditions, H-9 cultures were dissociated to
single cells for 7 minutes with 0.05% trypsin/0.25% EDTA,
washed by centrifugation, and plated on mitotically
inactivated mouse embryonic fibroblasts (10% ES cells per

30 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 stereomicroscope and transferred by micropipette

to individual wells of a 96 well plate containing mouse
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10 XX karyotype, but 4/20 spreads demonstrated random

abnormalities, including one with a translocation to
chromosome 13 short arm, one with an inverted chromosome
20, one with a translocation to the number 4 short arm,
and one with multiple fragmentation. Subsequently, at

15 8, 10, and 12.75 months after derivation, HY9 cells
exhibited normal karyotypes in all 20 chromosomal spreads
examined.

We observed that the cloning efficiency of human ES

cells in previously described culture conditions that

20 included animal serum was poor (regardless of the
presence or absence of bFGF). We élso observed that in
the absence of animal serum the cloning efficiency
increased, and increased even more with bFGF.

The data expressed below is the total number of

25 colonies resulting from 10° individualized ES cells
plated, +/- standard error of the mean (percent colony
cloning efficiency). With 20% fetal serum and no bFGF
there was a result of 240 +/- 28. With 20% serum and
bFGF the result was about the same, 260 +/- 12. In the

30 absence of the serum (presence of 20% serum replacer) the
result with no bFGF was 633 +/- 43 and the result with
bFGF was 826 +/- 61. Thus, serum adversely affected
cloning efficiency, and the presence of the bFGF in the
absence of serum had an added synergistic benefit insofar

35 as cloning efficiency.
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fibroblast: Culture nmediumfor the present work consisted of 80%
"KnockQut " Dul BE36@very0 inpgpriredt mag | wedi v d PIRFF( DvEMpase H&e Britial

Rockville, Molohify kr@hivtantieor OndndiMes3 @R gapt oet hanol and 1%
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with either 20% f et &HEFTne LB I1IFAGHE © 8§aﬁupmlrbg SHRGSBBEK Qut
SR, a serumfre#GF is very important for continued undifferentiated

10 proliferation of primate embryonic stem cells in the
absence of animal serum. In serum-free medium lacking
exogenous bFGF, human ES cells uniformly differentiated
by two weeks of culture. Addition of other factors such
as LIF (in the absence of bFGF} did not prevent the

15 differentiation. |

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

20 H-9 cells plated into wells of 96 well plates, two clones
were successfully expanded (H-9.1 and H-9.2). Both of
these clones were subsequently cultured continuously in
media supplemented with serum replacer and bFGF.

H9.1 and H9.2 cells both maintained a normal XX

25 karyotype even after more than 8 months of continuous
culture after cloning. The H-9.1 and H-9.2 clones
maintained the potential to form derivatives of all three
embryonic germ layers even after long term culture in
serum-free medium. After 6 months of culture, H9.1 and

30 H9.2 clones were confirmed to have normal karyotypes and
were then injected into SCID-beige mice,.

Both H9.1 and H9.2 cells formed teratomas that
contained derivatives of all three embryonic germ layers
including gut epithelium (endoderm) embryonic kidney,

35 striated muscle, smooth muscle, bone, cartilage
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_—

10 Moreover, different serum batches vary widely in their
ability to support vigorous undifferentiated
proliferation of human ES cells. Replacing serum with a
clearly defined component reduces the variability of
results associated with this serum batch variation, and

15 should allow more carefully defined differentiation
studies.

Further, the lower cloning efficiency in medium
containing serum suggests the presence of compounds in
conventionally used serum that are detrimental to stem

20 cell survival, particularly when the cells are dispersed
to single cells. Avoiding the use of these compounds is
therefore highly desired.

The present invention has been described above with
respect to its preferred embodiments. Other forms of

25 this concept are also intended to be within the scope of
the, claims. For example, while recombinantly produced
human basic fibroblast growth féctor was used in the
above experiments, naturally isclated fibroblast growth
factor should also be suitable. Further, these

30 techniques should also prove suitable for use on monkey
and other primate cell cultures.

Thus, the claims should be looked to in order to

Jjudge the full scope of the invention.
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ani mal serum t kBegPBAFRAg efficiency increased, and increased even nore
with bFG-. The data expressed belowis the total nunber of 25 col onies
resulting from 105 individualized ES cells plated, standard error of the
mean (percent colony cloning efficiency). Wth 20% fetal serum and no bFG-
there was a result of 240 28. Wth 20% serum and DbFGF the result was
about the sane, 260 12. In the 30 absence of the serum (presence of 20%
serumreplacer) the result with no bFG- was 633 43 and the result with
bFGF was 826 61. Thus, serum adversely affected cloning efficiency, and
the presence of the bFGF in the



absence of serum had an added synergistic benefit insofar 35 as cloning
efficiency. 9 OCT 2004 WO 01/66697 PCT/US01/06912 8 The long termculture
of human ES cells in the presence of serum does not requir%f&ﬁeﬂﬁﬂdition
of exogengusly supplied bFG-, and (as noted above) the _addition of bFG-
to serun}G%ﬁPH%ﬁ?hg medi um does not 5 significantly i ncrEdEEMh ES cel
cloning efficiency. However, in serumfree nedium bFGF increased the
initial cloning efficiency of human ES cétls. Further, | have discovered

t hat suppl yi ng exogenous bFGF is very inportant for continued

undi fferentiated 10 proliferation of pr?EA?%genbryonic stemcells in the
absence of ani malclsgmam I n serumfree nmedi um |l acki ng exogenous bFGF,

human ES cells unifqgrmy.,d] rentiat by two, weeks of culture. Addition
of other factors sugﬁ ab ﬁ%ﬁﬁ??ﬁD ﬁ%ﬁgﬁ§%ﬁgepﬁﬁm% FYEPhGt ShFBvent t he
15 differenti atdedd.s, Twempesains: perceived are particularly applicable to
clonal lines. In thigk : f QR jexpansi e _..select by
pl acing cells indivfgua??$ﬁgp%%éme sé% 1§ 8@ gﬁépﬁﬁﬁ%hfgsﬁﬁ é?Engect
m croscopi ¢ obsé@fatfoRamppligy Degad gegum| sngl n ddhs pressebksobf 96 wel |

platess two cl GiesopMake §¥esessSiaddor exmandeds (bt %&%mHa%&rcgot h of
In

t hese cl ones were subsequent]y cultured continuously nmedi a suppl enent ed
with serum repl Lhanppegt "a fibroblast feeder layer.
2. The method of claim 1, wherein the culture is

essentially free of any animal serum.

3. The method of claim 2, wherein the culture also

comprises a fibroblast feeder layer.

4 The method of claim 2, wherein the fibroblast

growth factor is basic fibroblast growth factor.

5. The method of claim 4, wherein the fibroblast
growth factor is human basic fibroblast growth factor

which has been produced from a recombinant gene.

6. The method of claim 2, wherein the primate

embryonic stem cells are human embryonic stem cells.

7. The method of claim 2, 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

5 derivatives of endoderm, mesoderm, and ectoderm tissues,

and while maintaining the karyotype of the stem cells.



H9.1 and H9.2 cells both maintained a normal XX 25 karyotype even after
nore than 8 nonths of continuous culture after cloning. The H9.1 and
H 9.2 clones maintained the potential to form derivati ves 908¢Tal04 nr ee

enbryoni c g@ﬁﬂk&?yers even after long termculture in S?ﬁﬂﬂ%@#@%l di um

After 6 nonths of culture, H9.1 and 30 H9.2 cl ones were con o0 have
normal karyotypes and were then injected Ento SCI D-beige mce. Both HI9.1
and H9.2 cells forned teratomas that con}ained derivatives of all three
enbryoni c germ | ayers i ugdi iisheli u d f

ki dney, 35 striatedsnusc?g% gﬁg%?%q%%?gfggpgéngyegggﬁiFégzhgﬁ%%¥%§%82 WO
01166697 PCT/ US3brobdest geevbler Fjctamd snesesenti s5ukheeerbyerein Fhe range
of differenti adRanekser¥adoni i Tedde ienal/anagoef athecRighy Rassage HO. 1
and H9.2 cells was_conparable to that observed in teratomas formed by | ow
passage parent &t fi#esMeEPPd: |t shoul d be appreciated fromthe description
above that while animal serumis supportive of gromh it is a conplex

m xture that can contain conpounds both beneficial and detrinmental to
human ES cell culture. 10 Moreover, different serum batches vary widely in
their ability to support vigorous undifferentiated proliferation of human
ES cells. Replacing serumwith a clearly defined conponent reduces the
variability of results associated with this serum batch variation, and



15 shoul d allow nore carefully defined differentiation studies. Further,
the lower cloning efficiency in nmedium containing serum Sléggevﬁtz‘ﬁmt he
presence of conpounds in conventionally used serumthat are detrinental to

stem 20 ce,]ﬁ,:g Lval, particularly when the cells are dim to single
cells. Avol |‘ﬁn}g‘1§gét6 e use of these conpounds is therefore hig i;7&1631e25i red The

present invention has been described above.with respect to its preferred
enbodi ments. Gt her fornms of 25 this concept are also intended to be within

the scope of the clginmsa E@thsa%rﬁl@ulmadﬁ%%%ﬁ%ianéﬂbk%oﬂ@%[@ human

basic fibroblast growh fagtor was used in above experi nents,
natural |y isol ft%dFi 5GBSt @fowmt h factor shoul d al so be suitable.

Further, these 30 teshRuadag SheUsEeR! SO QYL aSkihahke E95emiSEs 10N, nonkey
and other primate cell cultures. _Thus, the clains should be |ooked to in

order to judgettdfe FuMEm@adpanofetik F5RHhENGH 1ngtheTroesancany D R166697

PCT/ US§1/ 06912 grdddindustbirabap@plé cobiddtiwatiagpaegeptoblyentd Qg ovi des

nmet hods for culg uring .pri Eate enbryoni c stem.cells, and culture nedia for
use therewth. E’é’%%ﬁ‘ﬂ W 07 » Wherein the growth factor is

supplied from a source other than just a fibroblast

feeder layer.

10. The method of claim 9, wherein the culture is

essentially free of any animal serum.

11. The method of claim 10, wherein the culture

also comprises a fibroblast feeder layer.

12. The method of claim 10, wherein the primate

embryonic stem cells are human embryonic stem cells.

13. The method of claim 10, 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

5 derivatives of endoderm, mesoderm, and ectoderm tissues,

and while maintaining the karyotype of the stem cells.



11 CLAIM5S PCT/USO1/06912 | claim 1. A method of culturing primte
enbryonic stem cells, conprising: culturing the stemcells in a culture
essentially free of manmalian fetal serumand in the pres®féd &5

fibrobl ast growth factor that is supplied froma source _other than just a
fibrobl ast*P&E¥E’ | ayer. 2. The method of claim 1, wher ATYRERWA ture is
essentially free of any animal serum | 3. The nethod of claim 2, wherein
the culture also conprises a fibroblast f&eder |ayer. 4 The nethod of
claim2, wherein thci fib obthfgt %rowth f.actor ]irs basi c .fi broblast growth
factor. 5. The methdd:of “cTA T SWRESH FOEnSUFFiral &™afPowt h factor is
human basic fi lemdlrlyasticgsbem hcdlict,orcompiriishndas been produced from a
reconbi nant gene. 6 1 | ai . ein the primate enbryonic
stemcells are humﬁ_%%f%%%gs%rﬁéggﬁ%;r?%e nmet hod of claim 2,
wherein said cul turifagroktapt i srawidefachereatpybind byt @vhes| than just
proliferating idhe @4biUbEabOr1QMa!; one nonth while maintaining the
potential of the stemcells to'differentiate into derivatives of endoderm
nmesoderm and ect odeFRFFPERUERS CHitRrRhEYEL Al Ht ssfiangiefdykarget9he of the

stem cel | s. animal serum.



9 OCT 2004 WD 01166697 PCT/US01/06912 12 8. The nethod of claim 2,
wherein the human basic fibroblast growh factor is present in the culture
ina concentration of at least .1 ng/m for at |east a poBtn? b t he

met hod. 9 % 4 WD 01/ 66697 PCT/US01/ 06912 13 9. A method of cul turing
pri mate eﬁ%?@g o stem cells, conprising: culturing t hFIHEHMEMA s in a
culture essentially free of nannalian feﬁg serumand in the presence of a
5 growth factor capable of activating a fi'broblast growth factor signaling
receptor, whereint gr a p her than
just a fibrobl ast Pgéde?M%g§grflﬁg d he d ?h%ﬁgdéﬂ%ﬂgﬁﬁg% %ﬁggélﬁ t he
culture is esébntlally free of any animl serum 11. The nethod of claim
10, wherein the culture also conprises a fibroblast feeder layer. 12. The
met hod of claim 10, wherein the primate enbryonic stemcells are human
enbryonic stemcells. 13. The nethod of claim 10, wherein said culturing
step includes the enbryonic stemcells proliferating in culture for over
one nonth while nmaintaining the potential of the stemcells to
differentiate into



5 derivatives of endoderm nesoderm and ectodermtissues, and while

mai nt ai ni ng the karyotype of the stemcells. 9 OCT 2004 WD 01/ 66697

PCT/ USO1/ 06912 14 14. A culture systemfor culturing priBaeel BHbryonic
stemcells, conprising: a fibroblast feeder |ayer; and fibroblast growth
fact or suﬁﬁpwygggb other than just 5 the fibroblast |ayR¢¥UR@F%EEn t he
culture systemis essentially free of animal serum 9 OCT 2004 WD 01166697

PCT/ US01/ 06912 15 15. A cell line deriveasusing the nmethod of claim1. 9
CCT 2004 VD 01/ 66697 PCTLUSOH OBIR2 5 olGuh ubu 5 {nd lsdlSy byed;Ushng the

met hod of claim9.
9.





