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g {54} Title: SERUM FREE CULTIVATION OF PRIMATE EMBRYONIC STEM CELLS

O {57) Abstract: Disclosed herein are methods for culturing primate embryonic stem celis. These cells are cultured on a prolonged
and stable basis in the presence of exogenously supplied fibroblast grown factor and in the absence of animal serum. Preferably there
is also a fibroblast feeder layer. Also disclosed is a culture media containing fibroblast feeder layer and the fibroblast growth factor.
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STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH 5 BACKGROUND COF THE
| NVENTI ON The present invention relates to nethods for culturing primte
enbryonic stemcell cultures and culture nedia useful thef®ebfT (200410

Primate (ew%m};rg%}fey and human) pluripotent enbryonic s%@ﬁ&%@gﬂhave been

derived from "préinplantation enbryos. See U S. patent 5, d J.
Thonmson et al., 282 Science 1145-1147 (1998). The disclosure of these
publications and of all other 15 publications referred to herein are

i ncor porated by spRgleERRE iiz%falb‘qﬁybﬁsﬁhlhﬁﬁﬁ%ﬁglgﬁﬁo% i ghand: ng

prol onged culture, these cells maintain a potenti al
to form advanced deri vERPYESREFERENGES [T0c BEEABED oAFELHATIANS/ers. 20

Primate (particul agoy Qgggmzagﬁepel | lines have widespread utility in
connection wi th human devel opnental biol ogy, drug discovery, drug testing,

and transpl ant at i AAFEUFRT nECARIP ING & ALEYr PRAVS R TSR t he
post-i mpl antati on human enbryo is largely based on 25 a |limted nunber of
static histological sections. Because of ethical considerations the
underlying mechanisms that EBREEBPUNRLTE IPVERTACNdeci si ons of the

early human embryoThenpirBseasedhvahd dorli@NRlesedo Abthogghedhe nouse is the
mai nstay of eﬁﬁﬁ&hggggagrimate 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.



30 manmmal i an devel opnental bi ol ogy, and al though many of the fundanental
mechani sns that control developnent are conserved between m ce and humans,
there are significant differences between early nouse andgronfaii0t

devel opneniy, osisyat €/ human ES cells should therefore pr Ww&?%ant 35

new i nsights into their differentiation and function. 9
01/66697 PCT/US01/06912 2 Differentiated dgrivatives of primate ES cells
could be used to identify gene targets for new drugs, used to test

toxicity or teratoges G r@htheWe0aRLINAS v & USR8 makQr E‘sfééﬁféa&é@%&on to
repl ace cell populations in 5 di sease. Potential conditions that m ght be
treated by theP% reFRDIEHESENEALST 9rRe daTaale ifped nel| A5ughel waed to

Par ki nson' s di sease, tGaiditgc okntarsts eﬂ:‘:&_}ﬁrﬂﬂ e eBhpodhabet £54 neLddt us,
and | eukem a. Sge e.g.J. _Rossant et a?. 17 Nature Bi o?echnof ogy 23-4 (1999)
and J. Gearhart°* 1 lapitanian16s 1rerietso el i BRguLekieps off ferati ve

capacitys devel apsenical ppebalibdl catdBiidiolnagedigHtt Heerrafeedasyot ypic

crbryoni & ot om G [CeAnEEPaEatian oF 66 gieleh 1ede LTt clietia Iy on

fibrobl ast feedearkiawensys Haveastypiardiac Hesarstpp gueshetde Vbide@ani mal

serum (especi al § o &l AhAVERS, SELE M@ M bbNg . dosireg proliferation
al. 17 Nature Biotechnology 23-4 (1999) and J. Gearhart,

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



during such culturing. For exanple, in U'S. patents 5,453,357, 5,670,372

20 and 5, 690, 296 various culture conditions were described, including sone
using a type of basic fibroblast growth factor together w tdhganigpg serum
Unfortunately, serum tends to have variable properties frombatch to
batch, "thus affecting culture characteristics. 25 In WO 98/ 30679 there was
‘a di scussion-of providing a serumf rse suppl enent in replacenent for

animal serumto support the growth of certain enbryonic stemcells in

cul ture. Theusst KoK EP! BLEGEN! Uﬂf&:%@éllyémfﬁ Yo ALRUlin gubstitutes,

one or nore_am no acids, one or nmore 30 vitanm ns, one or nhore“transferrins
or transf ePFIRTR BT YRIEs stepecell neitldtunas oestmetisllynehosenor e

(insulins Obrb@sUbh MR I 28ed0N HedlYC RIJAUH cuhbChUbgr S, and one

or nore tr C$ el enents. It was noted hat 't hi s replacenment coul d be
further sugb eREhtREP TG 19 T35 EPELREYT a i nhibitory factor, steel factor, or

ciliary 9 OCT 2004tk NRUHRILOBRI fuf ALMY s dRae) feqid (R CONt ext of
primte. engr O:[Ii c sfemcell culture (&esp’ec_i ally those grown of" fi brobl ast
feeder |ay ‘Fg’j‘, PR GRTHY e P’r@d?%fz {4 Hdepeses ke beaefdkyofin the

cont ext of uselt 6f evir SAILGrowhUELCEREE Bdch Gs bFeFalinbeui pgrsggum . WO
99/ 20741 dﬁ%ﬁgg@g Ss%er}r? c%(alr].esf.l tﬁgi]:rever, culture media without
nutrient serum is not described.

In U.S. 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



use of various growth factors such as bFGF in culturing primte stem
cells. However, culture nedia without nutrient serumis not described. In
U S. patent 5,405,772 growth nediumfor henatopoietic cells arid0Bbriglk
marrow stromal cells are described. There is a suggestion to use '
fibroblast growth factor in a serum-deprived nmedia for this purpose.
However, conditions for growmh prinmatesof enbryonic stem cells are not
described. .It can therefore be seen that a need still exists for .
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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: (i) arercapable
of iﬁdefinité prbliferation in vitro in an - . 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



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 9 OCT 2004 4 factor is not species limted. Breterdbly,
the fibroblast gromh factor may be basic fibroblast growth factor or
hurman fi broblast growh factor.:. Even nore preferably, the fibrobl ast
gromh . factor may be human baS|c fiRroblast growth factor produced from
a recombi nant gene. This conmpound is readily available in quantity from

G bco BRL- Eiéteo T el 10018 aand vat eg Sa fibﬁ}ﬁlﬂsﬂ: Re-Rehed¢atRal for

purposes of this patent the culture may still be essentially free of the
speci fi ed kRt rFech?@I@?'aWBPQ;EFBtEh%O%WTéht &Y. ispsyrRéisdr um

al bumi n) hasoeenshstatcdtther amaﬁePugt afdridaildst @eR@erousk¥rsuppl i ed.
The poi nt Jvtha% when erumitself is_added the yar gbl lity concerns

ari se. FRChBreifePretetaney s dimobdastofpBHERt (s) of

such serunfastcad,deﬂ: nigit @dsBobe Btﬂéﬁrra@&eﬁ:itaﬂﬁs Ruidiete esRExeni c stem
cells that areth cul tur%ﬂ u5| ng thl? met hod cl;' man enb on| c stemcells
& R f ui‘%

that may bEYRYRREES ] defi {Raf - (i A é:ec?& P@n of indefinite
proliferat lbm varddritrso dm rrmrttaumdl) f fles bmhedtiasl Ritdiverte( iftipbrabkagapabl e of

0L oo Bt ] ULEGRR! 2L R Y Y B 2057

glé, 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
flbroblast feeder layer. The culture system is
eséentially 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



prol onged culture; and (iii) maintain a normal karyotype throughout
prol onged culture. They are therefore referred to as being Iuriﬁ@%ent
The culturing permits the enbryonic stemcells to stably pr ein

culture fo ne nonth (preferably over six nonths;
Wwdhifekes ? ! over sl ﬁﬁfﬂen IihaFB% ?z t he

preferably over wel ve nont hs) whil e maintaining the pot
stemcells to differentiate into derivativegs of endoderm .nesoderm and
ectodermtissues, and while maintaining the karyotype of the stemcells.

I n anot her aSpQ{gr:thHﬂ:J.'di‘lV%lﬁﬁ' ﬂalﬁﬁaﬂéi@st@@Oatdlqutﬁbhg#@ér&&ué%

prlmate enbryoni c stem cel On cultures the stemc s iIn éfture

essentially f r@éiV@Flc%ﬁiﬁéllvéﬁlT’éﬁ aPf stk feabsyrypial gereskayriad | y

free of any aninal eemwikuaBdrbp the DiEsANCeH vatdbaM By G, 2004 5
factor capable ?_ﬁl activati ngr a fibroblast growth factor _signaling
receptor, wheréi SFERAPatt obhe S WP Fe Feldr dAng EBUFRES ot her than

just a fibrobl aidsdraeder 1hawerThoM\bbﬂ1eeﬁ hel g9y owoh st-aehee ﬁwiﬂﬁ ably a
fibrobl ast grom&l@g factar, al’'so be other materials_ such as certain

_synthetic smal {1983t ddg {“é’ SXP%FHB =Y NRFSid: OPPRafe CONES 8T ants or
mut ants) desi grigen @ladiedvaheikirbaobtast (3Prulyh ghaekoi r+88EPELHS) See

Ty | VAR S ondl rinp Y. B Qe Ral 5208 sLgpel ing

present work consisted of 80% “KnockOut” Dulbeco’s

10 modified Eagle’s medium (DMEM) (Gibco BRL, Rockville,
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



In yet another aspect the invention provides a culture systemfor
culturing primate enbryonic stem cells. It has a fibroblas %ﬁegﬁﬂ | ayer
and human basic fibroblast growmh factor supplied by other™t ust the

fibroblast“&ﬁﬁgﬁk7layer.. The culture systemis essenti%k&XmBMﬁ:mof ani na
serum Yet anothér aspect of the invention provides cell "~ Tines (preferably

cloned cell lines) derived using the above nethod. "Derived" is used in
its broadest sense to cover directly or ihdirectly derived |ines.

Variability in g@s4hd c0¥ent8pdhif ST AOGRS d RiiRA GRASum Of ol TRl S &M MRy
t hereby be avoided. Further, it has been discovered that av0|d}ng use of
ani mal ~ ser um WS FERdacerhabg| AstIgroieE-act or may i ncrease the

efficiency of clonig@onkk Werkhegsindes aly adAILRIBafEad R BS aNty
.invention to provide culture conditions for prinmate _enbryoni'c stem cel

lines where t h&a¥SnditPods™a/Bl| eeklagrpassityPandVpdFipeo ef ficient

cl oni ng.5 O her roztvantagemppt- t bex phesaly 4fteanieeivitidbn Paponmjappar ent
after study of the specification and clains.. DETAILED DESCRIPTICN OF THE

PREFERRED EMBOSHVERTESSD A PREMAD| FHvFHY Gms: Prestartasd erandifst hods and

cul ture syst engkeghntib@eisn\(20t chhchOGsoll WrdadznankSyeed) . |HARSzerTWO

clonal |y derived huran 5 cebl L1 ges, praldf el gd 9L QgL el g, mont s

preparation, 16/20 chromosomal spreads exhibited a normal

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.



WO 01/ 66697 PCT/ US01/ 06912 6 derivation and nmaintained the ability to
differentiate to advanced derivatives of all three enbryongcogjeritkl ayers.
Techni ques for the initial derivation, culture, and characterization of

t he human line HO were 5 described in J. Thomson 82

Sci ence 11 -Oﬁé#?’l (1998). In ny experinents herein hurran%ég%hléqsf’é wer e
then plated on irradiated (35 gray gama ifradi ati on) nouse enbryonic
fibroblast. Culture nmediumfor the present work consisted of 80%

" KnockQut " DuI beco ?ﬁjeL lga%t g%ngﬂeg@gé%%ﬁr?%luﬁgh( QQ/EI\/(D3 %G bcqc BRL,

Rockvi |l | e, mer capt 0ét hano and 1%
nonessenti al ammeamed@fsSQGM( @%@chRLreq‘anslevthBeadqun suppl ement ed

Wi th either O%J%%Lepggc BELU i CO0P (250BReq -Thofl) 24 KnockQll

SR, a serumfree t origindl Iy optimzed for nouse ES cells
(G bco BRL, Ro@dditien i) bFEEete oppeternontainkpechediun Soeg aqthose

_describegl for S‘ﬁrdﬂl‘frl%%h%%}n?ﬂ&§eé§eWQma@ﬁ/E%O@ZQl Lﬂoﬂﬁgr@ﬁl fonc

experinments medi um was suppl enented 20 ei t her serum or fyoresal d
serum r epl acer BQ¢sy@rouinsRerafat epe H@?dwnt hbgﬁFleﬁé%ﬁS%n‘ﬁrﬁ rJébJ{Wtﬁlnant

basi c fibrobl agd:riew Rraet ehcybbEmudhd @gricki1dhe preferred

concentration range of bFG- in the culture is _between .1 ng/m to 500
ng/ ni . Further, I have discovered that supplying exogenous

bFGF 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



25 To determne cloning efficiency under varying culture conditions, H9
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karyotype by sthf@dv@IGinphaarhepas e%qﬁﬂeqh?y LoB BREIIER GACE e dds

anal yzeog . Howewan,s. seven nonths after derivation, in a single karyotype
preparation, 16/20 chroposonal spreads exhjibhited a nornal 10 XX karyotype

but 4/20 spreads derfdnSPPELEC°T cighesh AEPmt FBS, de TR IRG GROVR th a
transl ocati on tghatChhdnesafendB sdwaum iay @up@ﬂ@t%éhoﬂrlgztdwtﬂf tied ighzonosone

20, one with a tol}a%rls lxogn?_gdzggetghép eca{]nu %%%%ains Qgrlilpouncgg both
beneficial and detrimental 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 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.



and one with nultiple fragnentation. Subsequently, at 15 8, 10, and 12.75
nont hs after derivation, H9 cells exhibited nornal karyohy8§f1$@ all 20
chronmosomal spreads exam ned. W observed that the cloning fT°Ci ency of
human ES cells in previously described culture conditiaons that 20 included
ani mal serWMOHeS* boor (regardl ess of the presence or alSEEYIHEGR). we
al so observed that in the absence of aninmal serumthe cloning efficiency
i ncreased, and increased even nore with bEGF. The data expressed below is

the total nunber of 25 coloni%%dh%%ukgin ff{gﬂﬁ%%%tindividualized ES cells
pl ated, standard error of the'nean-€p9r6%%%—c§FUny—ybIoning efficiency).
Wth 20% fetal serufhanpgrescibFGhvearttdre pasvideesudithogls Z40 c@Btuilindg 20%
serum and bF . e oS sa ﬁﬁﬂ: t bsence
of the serum ( f%@gﬁéeé%¢£50@6sggﬁﬁffgg?géer dt e t?%%ﬁfpgaj?ﬁrﬁgg FG- was
633 43 and théhegsuithwith 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 WD 01/66697 PCT/US01/ 06912 8 The long termculture
of human ES cells in the



presence of serum does not require the addition of exogenously supplied
bFG-, and (as noted above) the addition of bFG- to serumcontaining medi um
does not 5 S|gn|f|cantly i ncrease human ES cel | cloning ef f#dCn

However , rumfree nedium bFGF increased the initial _ clonin
efficiency ﬂﬁ%ﬁn ES cells. Further, | have discovered THarey | yi ng
exogenous bFGF is very inportant for continued undifferentiated 10
proliferation of primate enbryonic stemcélls in the absence of aninal
serum In serumfree nediumlacking exggenous bFG-, human ES cells
uniformy differentiated by two weeks Sgaéﬂﬁture. Addi tion of other
factors such as dlleEm:i n the absence of bFGF) did not prevent the 15

differentiation. The resylt erceive are artlc arly applicable to
clonal lines. In thﬁs reéﬁr% Ebéoﬁ%s SHTARBRETHR ‘ﬁé?éryggFch58mby
placing cells igedildi, deaibyishee: wel |s of a 96 well plate under direct

m croscopi ¢ observatj,qp I e} 96 wel |

pl ates, two cl ones mergrgﬁgcessﬁg?$§%§§ggn%ndéqéﬁgnkﬂh ésﬁggliﬁinoth of

t hese cl ones wéi®es @fsBauRALign cigtadr s¢revnendubusihe ipreseadeacsuppl enent ed
with sgrum reD'ﬁ@ﬁbb@ﬁthE%wtlﬁgfaJciﬁﬁdtHgtz selh S f'i%}nnaalsaﬁgté‘ nor mal

XX 25 karyotyp even after nore 8 nont hs of conti nuous ure after
cloning. The H ﬁB‘aPI-@u%tc?o’?ﬂé%mbrﬁ?ﬁt fpReer thawsgotential to form

deri vati ves of aII t hr ee

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.



enbryonic germ |l ayers even after long termculture in serumfree nmedi um
After 6 nonths of culture, H9.1 and 30 H9.2 clones were confirmed to have
normal karyotypes and were then injected into SCl D bei ge di 6l M8t h Ho. 1
and H9. 2 I med teratomas that contained derivati t hree
enbryoniccgtyﬁ¢%§§ers i ncl udi ng gut eplthellun1(endoderé§§“% 1@%%ﬁc

ki dney, 35 striated nuscle, snooth nusclelzbone cartilage 9 OCT 2004 WO
01166697 PCT/ US01/ 06912 (nesodern), and nélral tissue (ectoderm. The range
of differentiationgobsemygdnyiidd N f@ta‘tﬁ{ 3t O%E%rgfl.nt PReMh Q?é%%ge H9. 1
and H9.2 cells was conparable to that observed in teratomas formed by | ow
passage parent diibgpbdass| pyowkh L3kax ise PasseaEi alelher Wl tdee dasari pti on
above that whidghcaRiriakiSAM UM 46 SUPROI I Ve /Rl gbeweh ibake 2 &&H@nex

m xture that can. contain cqonpounds both beneficial and detrlnental

human ES cel | @f thfe™etBoNbr eover, different serum batches vary mndely 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 serumbatch variation, and 15
shoul d allow nore carefully defined differentiation studies.



Further, the |l ower cloning efficiency in medium containing serum suggests
t he presence of conpounds in conventionally used serun1th%F eT%O
detrinmental to stem 20 cell survival, particularly when the ge |'s are

di spersed ilgle cells. Avoiding the use of these COHQQHRH
therefore iglﬁeﬁgesired The present invention has been escrlﬁgﬁﬁﬁbove

with respect to its preferred enbodi nents., Gther forns of 25 this concept
are also intended to be within the scope 0 the clains. For exanple, while

recombi nantly produced  hUEBERBASHE ShDEMNAS brAAMNABEL G was diped | N
the above experinents, naturally isol ated f1 Dbroblast grow factor should
al so be suit able Ll (ABPLLERBEE 30 techni ques shoul d al so prove suitable

for use on monkey ailtokhnt Bhenstan Calileuld o 8e) LibuSestdic (lniym shoul d
be | ooked to in_order_to ggggg %he full scope qf the invention. OCT 2004
a

WD 01166697 PCHESy D& gt rFUnERG dRbthet Brevencs e
i nventson provigesHettketsrf aapsbld WF Ng-t pfEtTRGE aC P Y P £sStEBRe] | s, and
culture nedi a ﬂpr use .thetewith. 9 OCT 2004 WO 01/66697 .
actor signaling receptor, 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 gromﬂh 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 thg fibﬁobéfgt q;omﬁh f.actor #s 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 hunaﬁ_gggfg%%%%ggg%ﬁﬁggﬁg§;r7$9¥%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 todifferentiate into
wherein the culture system is essentially free of

animal serum.



derivatives of endoderm nesoderm and ectodermtissues, and while

mai nt ai ni ng the karyotype of the stemcells. 9 O CT 2004 WD 01166697

PCT/ US01/ 06912 12 8. The method of claim2, wherein the h@nfil B®Sic
fibroblasgxgr ¥g factor is present in the culture in a_concentration of
at |east . Hﬁ for at least a portion of the nethod PG K4 wo
01/ 66697 PCT/US01/06912 13 9. A nethod oﬁ culturing prinmate enbryonic stem
cells, comprising: culturing the stem cel 2inaculture essentially free
of mammal i an fetal rumpapdgn c f . _capabl e
of activating a fib?%blg?teg%%m%%afég%gﬁ%gigﬁgﬁgﬁgmgégégﬁ%y?fa%ggépn t he
grow h factor it supplied froma source other than just a fibrobl ast
feeder layer. 10. The nmethod of claim9, wherein the culture is
essentially free of any aninmal serum 11. The nethod of claim 10, wherein
the culture also conprises a fibroblast feeder |ayer. 12. The net hod of
claim 10, wherein the primate enbryonic stemcells are human enbryonic
stem cel | s.



13. The nmethod of claim 10, wherein said culturing step includes the
enbryonic stemcells proliferating in culture for over one nonth while
mai ntai ning the potential of the stemcells to differentidtect ¥ 5
derivatives of endoderm nesoderm and ectodermtissues, and while

mai nt ai ni NYOOWESREr yot ype of the stemcells. 9 OCT 2004 P&RV¥IPEEE97
PCT/ US01/ 06912 14 14. A culture systemfor culturing primate enbryonic
stemcells, conprising: a fibroblast f eedtf | ayer; and fibroblast growh

factor supplied by er .t han, j ust t.he fibroblast |ayer: ecein the
qtbh ‘Pafgfl e 6%r1ved n%?ln% t%e %‘F E%’SEEL

culture systemis essént V- free an S2rum #"01166697
PCT/ US01/ 06912 ¢.15 15. A cell line derived using the method of claim1. 9
OCT 2004 WO 01/66697 PCT/US01/06912 16 16. A cell line derived using the

met hod of claima9.



