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WD 2004/ 055155 PCT/1L2003/ 001030 METHODS OF PREPARI NG
FEEDER CELLS- FREE, XENO FREE HUMAN EMBRYONI C STEM
"CELLS AND STEM CELL CULTURES PREPARED USI NG SAME 5
WoE2bdd/0AdyEs BACKGROUND OF THE | NVENTI ON The prigg@afioosne10s0
invention relates to nmethods of preparing hunman
enbryonic stem cell lines using feeder cells (e.qg.,
feeder cell layer, also known as feeder |ayer)-free,
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pluripotent and prolifergijse state in culture which
is free of xeno 10 contam nants and feeder cells.
Enbryonl c st em cells (ESCs) be| ng toti potent, have
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[ ti.o ES cell _differeptiation and
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ESCs 30 nust be cultured in a conplete ani mal -free

- and hgeYs QYntan Bioterl 1999 We23r esence of wel | - defined

cul triedengh, GORE:) s‘%ﬁlﬁﬁ%‘c FRdRP &P p@acﬁ@elf@kﬁbi@anon of human
Srcepr ‘oduction of ES cultures.

" In order to maintain human ESC in an undifferentiated state ES cultures must
be sﬁpplemented with factors which maintain cell proliferation, iohibit ES cell
differentiation and preserve pluripotency. |

In addition, for cell replacement and tissue regeneration therapies human ESCs
must be cultured in a complete animal-free environment and in the presence of well-
defined culturing conditions which enable a complete reproduction of ES cultures. -

Currently practiced ES culturing methods are mainly based on the use of feeder .
cell layers which secrete factors needed for stem cell proliferation, while at the same
time, inhibit their differentiation. Feeder cell free systems have also been used in ES
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Currently practiced ES culturing nmethods are mainly
based on the use of feeder cell layers which secrete
factors needed for stemcell proliferation, while at
wieoogessess tinme, inhibit their differentiati egrmeedniose
cell free systens have al so been used in ES WO
2004/ 055155 PCT/11.2003/001030 2 cell culturing, such
systens utilize matrices s?uppl enmented with serum
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have fresh feeder cells for each splitting of human
thec%F"fea P‘é‘ﬁ" 2% We@ggkcaﬁr deghiyated;tp deensthem fram Autgroviing the stem
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eder

%%Itgte cannot be efficiently achieved, fe cell
culfurs, o SIN5F @hBreadt the separation of fagder seltcomponenty Somombmyanis
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serumfree conditions using serum reéeplacenen
EScylirretre netetityhle for Bampthetapy.obl ast growt h fact or

( bFEEkellsAh bisdbe cultured on MEF under serum-free conditions using serum
réplacement supplemented with basic fibroblast growth factor (bFGF) [Amit M,
Carpenter MK, Inokuma MS, Chiu CP, Harris CP, Waknitz MA, Tskovitz-Eldor J,
Thomson JA. (2000). Clonally derived human embryonic stem cell lines maintain
pluripotency and proliferative potential for prolonged periods of culture: Dev. Biol.
227: 271-8]. Under these conditions the cloning efficiency of ES cells is 4 times
higher than under fetal bovine serum. In addition, following 6 months of cultuting
unde; serum replacement the ES cells still maintain their pluripotency as indicated by

their ability to form teratomas which contain all three embryonic germ layers.
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Carpenter MK, Inokuma M5, Chin CP, Harris CP, Waknitz
MA, Itskovitz-El dor J, Thonson JA. (2000). Conally
derived human enbryonic stemcell |ines maintain
plouwespeiiency and proliferative potential forpe@i@bfsegaeko
periods of culture. Dev. Biol. 30 227: 271-8]. Under

t hese conditions the cloning efficiency of ES cells is
4 tinmes higher than under®fetal bovine serum In
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replacenent the ES cells still nmaintain their ] .
cellsun fhssulire pxneses; thehwaaneepltie to ppibpgenywhich estriats their wse in
AiebALPRBI,Yi ch contain all three enbryonic germ
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only 8-10 tinmes, thereby limting the ability of a
°‘B‘5 B'Oﬁged ES growt h period. For a prolonged culturing
per | Bateskirh feedidd 18kd S Hitatah H¥ecalfs @b fulfuvdtibeh hefadeforeskin
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ani mal -free environnent suitable for cul turing human
enpisopmaents | Underaghepe jconditiens gawk hymare BSs cellsn visee found to be

foBridRbhR Rdstnd: FYot Wells f Fowi Swlt? "GtefRite? Srotocols (e.g., MEF).
Following differentiation, BES cells expressed genes associated with all three

embryonal germ layers, in vitro, and formed teratomas in vivo, consisting of tissue

- arising from al three germ layers. In addition, unlike human fallopian epithelial cells

or human embryonic fibroblasts, human ES cells cultured on foreskin feeder layers
were maintained in culture in a pluripotent and undifferentiated state for at least 87
passages.. However, although foreskin cells can be maintained in culture for long
periods (i.e., 42 passages), the foreskin culture system is not well-defined due to
differences between separate batches. In addition, human feeder layer-based culture
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passages since their derivation, providing the ES
cells wwth a relatively constant environnent. Under

- these conditions the human ES cells were found to be
RO 20mnsdisonal |y indistinct fromcells grown pddikaoosoeroso
alternate protocols (e.g., MEF). Follow ng
differentiation, ES cells expressed genes associ ated
with all three enbryonal germlayers, in vitro, and
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ari si n% fromall three germlayers. In addition,
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Howeveéer, this nmedium althoug res nt an ani mal-free
B@y%ﬁeﬂﬂ 8&.yet not fully-defi ned

There is thus a widely recognized need for, and it wou}d be mg}ﬂy

advantageous to have, a feeder cells-free, xeno-free culturing system, capable of

- maintaining: human ES cells in a proliferative, pluripotent and undifferentiated state

devoid of the above limitations.




in ternms of culture conposition. 20 Recent attenpts to
cul ture human enbryonic stemcells on a nore defined
culture conposition utilized Matrigel or lamnin
surfaces and a m xture of growmh factors. However, as
di sclosed in U. S. Pat Appl. No. 20030017589 under
these conditions only 50-70 % of the cells exhibited
undi fferentiated cell norphology. In addition, the
stemcells further exhibited a relatively short
doubling tinme of 19 hours,s525 which suggests that the
sten1ce||s becane tunorigenic (see Amt et al, 2000,
M . There is thus a MAder
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nmet hod of establishing a
matrix and a tissue culture medium supplemented with TGF B, bFGF and/or LIF to

- thereby obtain the feeder cells-free human embryonic stem cell line.

According to still another aspect there is provided a method of propagating a
human embryonic stem cell line in an undifferentiated, pluripotent and proliferative
state under culturing conditions devoid of feeder cells, the method comprising culturing
cells of the human embryonic stem cell line on a fibronectin matrix and a tissue culture
medium supplemented with TGFp,, bFGF -'




feeder cells-free human enbryonic stemcell line
capabl e of being maintained in an wundifferentiated,
pluri potent and proliferative state, the nethod
conprising: (a) obtaining human enbryonic stemcells,
and (b) culturing the human enbryonic stem cells
under culturing conditions devoid of feeder |ayer
cells and including a fibronectin matrix and a tissue
culture nediun1supp|enenteﬁ with TGF p,, bFGF and/ or

t her obt eder cells-free human
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culture nediumto thereby obtain the xeno - free,

- sl i thecweries smlEroninEey sl ding irepn aedifferentinied, gfturippignt and
BRBRlB%e stAccording to yet an additional aspect there
I's provided a nmethod of propagating a species
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derived matrix and a tissue culture mediumto thereby .
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proliferative state. According to an additional aspect

Teﬂé frge qulturs syianyReineeledsd capabia PRI lgjap ginbryonic stem

el b fulk @t difin @ ProliRl- vk RMIBBEntaRg proliferative human
enbryonic stemcells ina culture nedium wherein the

vadiffereptiptedifiale- | s substantially free of xeno- and/ or
f eedenceRbibS to yet a further aspect there is provided the use of a human

embryonic stem cell preparation free of xeno and feeder cells contaminants for
manufacturing a medicament for cell replacement and/or tissue regeneration.
Disclosed is a method of treating an individual in need of cell replacement

and/or tissue regeneration, comprising administering a human embryonic stem cell




contam nants. According to a further aspect there is
provi ded a xeno-free, feeder cells-free culture
system conprising a matrix and a tissue culture
medi um the xeno-free, feeder «cells-free culture
system bei ng sel ected capabl e of mai ntaining human
enbryonic stem cells cultured therein in a
proliferative, pluripotent éand undifferentiated state.
According to yet a further aspect there is provided
the use of a human enbryonic stemcell preparation
fRreparaion beingdrea pikeheaddecderaiellscogteminants toalet isdifidwal.
MRNUAGHHA] D%l B EATI aclDbediftRrdi SRER AR he ADALET
ti ssue regeneration. sclosed I's a netnod o reating
 Tepther enanippiped peebaring thedwnlamémigpinic steppéedl pepwnaion pandh dre

j ' RiS il ring.a human
e BT Pl s e B B S I e
and feeder cells contam nants to the individual.
According to further features in the described
preferred enbodi nents the nmethod further conprises
prepari ng the human enbryonic stemcell preparation
prior to the admnistering, the preparing being
effected by. (a) obtaining human enbryonic 7 stem
cells, and (b) culturing the human enbryonic stem
cells under culturing conditions devoid of feeder
cell's and xeno contam nants and including a human-
derived fibronectin matrix and a tissue culture

medi um suppl enented with TGF(31, bFGF and/or LIF to
t hereby prepare the human enbryonic stem cel
preparation. According to still a further aspect there
is provided a nethod of maintaining human enbryonic
stemcells in-an undifferentiated, pluripotent and
proliferative state under culturing conditions devoid
of feeder cells, the method conprising culturing the
human enbryonic stemcells under culturing conditions
including a matrix and tissue culture nmedi um
suppl enented with at | east one growh factor provided
at a concentration range sel ected capabl e of

mai ntai ning the stemcells for at |east 56 passages
with a doubling tine of at |east 25 hours. According

to still further features in the described preferred
enbodi nents the matrix can be a fibronectin matrix.
According to still further features in the described

preferred enbodi nents the




fibronectin can be selected fromthe group consisting
of bovine fibronectin, reconbi nant bovine
fibronectin, human fibronectin, reconbi nant human
fibronectin, nouse fibronectin, reconbi nant nouse
fibronectin, and synthetic fibronectin. According to

still further features in the described preferred

enbodinents the cul turing7conditions can be

subst E{ ee of xeno contam nant and whereas the
mateFy %%‘ addpyey theg e FRbrYR S esHE Fsles Gyl cRRliton

p !daﬁﬁﬂaoffﬂ:elﬂér(hﬂﬁcéhd RenBRbritAnfinanty 436 HRHAAR hurdsBGivBd as rm
f| ronectin man cellular fibronectin matr

CERBTR AR mﬁﬂ‘rs‘r?ahssﬁ%‘f tEﬂ" Aredinmisrpranepion Wit OF b, bFGF andlot

S Vi3 haelidrébyﬁﬁebir@ﬂ}e Glithdh enfVeRRic@ichSel Prefdrdtioh, further
features in the described preferred enbodi nents the

human éntardiestp etilba farfher@spect] there ismegyidedapri se at | east
8 by ce T O
%e%b@hf Mﬂgt'afnfn %uﬂ!ﬂ# st goe?“s?%g 1§ H{%Xlﬂﬁ‘i'ffa eﬁt%a?e@ ﬁlﬁ%p T t

According to s tures in
praecr pplifsgtientiae trden egturihg cormléionsdqyﬁldtdﬁéeddmﬂs the method

PRI Ccuﬁﬁrﬁ'@ &E humbd réﬁlb LB sl s q{ﬁﬁ%} Jﬂﬁmﬁé I5aRons
at |'eas hours. Accor ing to stil
f faluding 8 mqm #d tigas cpite ﬁlﬂélrl@fsemi@@n@ﬂ‘m@tdlmit on¢ pewth
t E&@Hﬁoﬁﬁéééﬂ%%orﬁ@ﬁlﬂgﬂ paTIag Yl aUl{'ftJ ﬁ ﬁé H]?]g {%q!eﬁsr

serum repl acement. According to ures
i freteas yspasawithp é@l@hm@%@f@bmmtgmt h e serum

and/ or st giiab Wi f‘u?tﬂér% sn%'r t es<91% cp g l?otdln?e ts t]|1e:
concentration of at [east 1 I ng

f Bt 60 Hea fbrmestinimatrixh e descrlbed preferred

enbodi AERLd et QISR 4 B tnd BE &%ﬁgg&@@é&%ﬁ%ﬁﬁ& g

be provi ded at a concentration of Accor
stibrprectinygan heseldeed frameke grepptchesistias efibobnelfibyprstian, mgrmbmant
epRARIBRALSin, Hifan f
concent rati on ana?%ﬂ%g%?&%m%@mﬁh?%k@%%g%%wgmﬁgeto
stiprpiecting pecprabingngmpwse Sbropestintied shadetid Bueheginef er r ed
enbodi ARBldhe 4G ah P
concentrati o n olf 0.12 atg{?my ethﬁ(%:egéc{)fr) %ﬁgaﬁ%%&n%boﬁlﬁems the
f Ethngrconditigng pande isybstentéaliyl se of P@@dCOpraeﬂlentraedi whereas the
enkadisTBRiS £dAlme BEE cogﬁytlng%f B.[/r%}ﬂ E%g ctm matrix,
concentration of at 'l east ccore ng to stil
figFanhinantthymanplasnyj fprenkesindeatis, hwm cpliuddr dibropeftin matrix,

bRt Hufhark &ﬂulalbfﬁ%: e%yngﬁx Q?nglye'tlg Rtoftl@
concentration of . Acco ng to still further
f eat urtssonding t%ﬂ(ﬁ@@er fetyuds prtleef desoribedl reefbrodicmbndimenththe
Hubdan e oreEstdd ay! lﬁjrg %a?&or&r&?ﬁ?&&%ﬁ 2 6md1%re§tﬁat4d ﬁ?l%

500 u/nf. According to sti urt features 1n
absonpiclsen ophisef err ed embodi ments the LIF

According to still further features in the described preferred embodiments the

cells of the human embryonic stem cell line maintain a doubling time of at least 25 hours.
According to still further features in the described preferred embodiments the
tissue culture medium may further include serum and/or serum replacement.
According to still further features in the described preferred embodiments the

serum and/or the serum replacement may be provided at a concentration of at least 10 %.




maybe provi ded at a concentration of 1000 u/m .
According to still farther features in the described
preferred enbodi nents the matrix may be a species -
derived fibronectin matrix. According to still further
features in the described preferred enbodi nents the
feeder cells-free culturing conditions may be
substantially free of xeno contam nants. According to
still further features in §he described preferred
enbodi ARBldmgidRiNTReSreRfirel ﬁ%ﬁé%b&&r&%ﬁ%%bfm&tm
cell line may mai ntain a doubl |_ng ti'ne of at |east 20
hiTHTSandiRE the PR Plageraset 1py Heurqvirsd atfasanagnieasion af kSHe
descr i ReeraRk e ®iir&theLRORL W@cﬁﬁﬁi@@d r &Eée%‘éﬁlb%ﬂn { e
medi um may i'ncl ude a species - derived serum and/or a
sEFRAnmae bt Rt 2 conpgneratiaiofief least (s6inigiml ur t her

f eat urggodie td\Gindaaes £064s RRf RLLEG STR0N B LS ek e
species - derived serum nmaybe provided at a
c&ﬁﬁ%ﬁlﬁ}’bﬁtﬂr@ﬂd@fﬂt atonbaggtion®f 042 ngwkor ding to still
furthef..£8aL W&S SGl r red. .

enbodi nent sE t he f%rplgltsﬂggmgﬁ ?l{ue rcfé&ﬁ% |pﬁ‘{%§r¥r$gfm%drl?lﬁnésrthe

i FEFuepy e arovidedias v conventrytiovetiat et ny/ml. According to

Sti T AdSdielo it Rirke Skl ; | Ped RALehEnhS
enbodi mer{t 1sg_tohse1 at ]lelg%{értgs %ﬂg %%ggﬁrdﬁp %%etagglg%?%ngs the
SECEanas e provided i e copconptionndfdingfnilng of TGR(31, bFGF,
LIF.  Rea@hdiondn wlmsiskdthredi ; LBodifl&
descri bed ?é)f err etc}f e nfjbogislf ny@ﬁ{a gsrc{l%g%%#%ngea é:{ng%({uflﬁnrtsethe LI
e iba arofrdgd 45 cencspraipreef at leghe$Q0wédl. condi t i oned nedi um
9 AcoRESRGtolsAN Rlrthb fefritbd &l O

descri bed 1 gté)fser r e"lg _ee ngésltlﬁg{ﬁtd%%ﬁeg P eﬁ“’#ﬁﬁ e;éjﬁ%df?%]ﬁsl ge LIF
Juaybe provided ragonsentrptierefdPéliine i n an undi fferenti at ed,
pl uri peteahe AN AR | i | &8s
passage 38. £ Accordi ‘%ééa{nggsg{’ P’I\élges1155 %%?ﬁg%%%a lfjordgrgenlisr%he( he
desEr ey appasfeer desiediitbonrtrenttsx.t he  TGR(31 may be
provi %%Etnﬁhgl%sﬁ@ﬂ&tﬁ%}% LGh %hre %&%eﬁ&)re%rr%ﬁ el D dH -
According to still further fteatures'in the described
predereelisiere evtivoins panditions hey belyRtErntinlly fibeofenyiodedimatis.a
conCentiAih O sfifRBferHantesSn 9 ﬁ%‘cf&baﬁ‘?&?e%%ﬁ ngbgd‘lamesn'&sl d‘lf!
further features In the descri be preferre
&pfls o iharenseiss enphsyonic seimesl libempy waintdiod datbliag time of at least 20
qopecentration range of 500-2000 u/m . According to
still further features in the described preferred
enbodiraeerring to sl fugthdrfeariresgn o detiritied peferray ermbrginits the
SRLUINLRR A i e | | i Jesademedt
SR AR ipdtided s6QS PR B oAl Mol B scidm foedemcll
of 106¢ccording to st higgrthdr @Etungs immthe described preferred embodiments the

species - derived serum may be provided at a concentration of at least 5 %.

According to still further features in the described preferred embodiments the
tissue culture medium may further includes at least one growth factor.

According to still further features in the described preferred embodiments the at
least one growth factor may be selected from the group consisting of TGFB,, bEGF, LIF.

According to still further features in the described preferred embodiments the

tissue culture medium may be a species - derived conditioned medium.




concentration of 4 ng/m. The present invention
successful ly addresses the shortcom ngs of the
presently known configurations by providi ng nethods
of establishing and propagati ng human enbryonic stem
cell lines using feeder cells-free, xeno-free culture
systens and stem cells which are capabl e of being
mai ntai ned in an undifferentiated, pluripotent and
proliferative state in culgure which is free of xeno
contam nants and feeder cells. Unless otherw se
def i neticcording tp sélhAirtherl feaames is dicalsscribedcpreferetsemisdichents the
[ nger
B o nak S B PR 3P AR G R) G
Rrofiferativesttaler 4 fegs passge Bdugh net hods and material s
sim | aAcchdh%QHétMﬁn%[é} fehtQrel nl(%ﬁeec%esgﬁ)g(ﬂ?rgitgﬁgh Jﬁ%’b&h@?&ﬁl@

be used in the practice or testing o e presen
TGRPe mey bhprogitdaabracenratidnouge af t0rd2erg/ml s ar e

- descri Rgdr dg\%l 0Vl ﬁﬂ}l& géaﬁlr&f'n ﬁgrhfeéc}i%d’spréfglv%dlpe%{bg&h‘mntf .the

slpecificatlpn, I ncludi ng definitions, contro
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| et at 3 xam.
o 7 SEeCp ST 8 R A R e e
THE may he previded e goncoyraiapyange oBQAOPRWEM y, with

ref er eesrdlng to il GurfECRITRANY 'tﬂégie%gééut ﬂ;gﬁmd?é@%?dgﬁ&ﬁ&ﬁé 'c

reference now to the draw ngs in

- wityrgserflitiqna may frsludaserine ieplasamesho weosgertratiyn vials %f TGFS,
£% RFrA08 of 012 B | &ty i 0
of t hg‘ pref gr red %ﬁﬁgg‘gfrﬁr%%%m%{‘ﬁﬁﬁe&tplrogggjn ’ %ﬁ\i@%? i‘of
confepiratignof 4mgmbr esented in the cause of providing

~What g8, | : ef.ul._and
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- kresraopfiguetiont by bevidimg nudtpliesf asiblisions ept prapagaitgeminan

‘ %b&dﬂ% stéxﬁ]\éamiﬁe?'a in% Pee&e!?'cglls[f?eg re%b-.fr%g cﬁ teesﬁgttemé %ndw& drr?
to showstructuraF etail's of the inventio ih ot e
¢ptls ahichtdng vapable wé being amayntfiond ia shwmddfeentiadd, pluripotent and

DEeS, |5 Lavention, the description taken
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' ' ' In t d | . FlLGs. .
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-are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to
. the accompanying drawings. With specific reference now to the drawings in detail, it is
. stressed that the particulars shown are by way of example and for purposes of illustrative
discussion of the preferred embodiments of the present invention only, and are presented

in the cause of providing what is believed to be the most useful and
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cell line grown in the presence of TGF(31, LIF and
bFGF (TLF) for 31 passages (size bar represents 100
M; Figure Ib - 1-3 ES cell line growm in TLF for 21

Passagestss (si ze bar represents 50 M; Fi gur eeciragaoos/doiéso
ES cell Iine grown in TLF for 31 passages (size bar
represents 50 M; Figure Id - 1-3 ES cell Iine grown
in TGF(31 and bFGF 15 (TF)Ofor 20 passages (size bar

rch @B 8AGRAISod3 BedWiptidNOHe thg'g) S Qe«t:dﬂ@ rﬁ%gsm o the

_(Figures la-c) and the hi eusto ratio
mygsiog.afn 1his regarth RO EGTeRS iy Isade(tﬁslgm sropigyal d@mtS@f tHegnyentior

il (IR O %ﬁaﬁ%‘ g:fwom Al &Rﬁ%ﬂéérétéﬁﬁygfaotf'tﬂbqin%&%m, the

expr essi on ace mar ers t
degeratition éﬁ@mmthﬂ@dirmhgsmalong :lﬂperehumﬂmasl&ldnni thk-aft He® the

seggﬂaifon;gsoofldl@ o 51?% ﬁn a, b é/ ne d r| ved fibronectin
eeder ¢ P? Shown are

fI udnﬁmahmmgsmges of human ES ceI I s (l'ine 1-3) grown

|nt esence, of TF for 17 S s .and | abe) ed
¢ PGl ictgranht dStetiog; B Rl Flonicy g g pingie cells
gmwn bﬁ%ﬁhﬁenﬁ&\m fiblondctinnARk inSa MERYBellsFreb BRdRS. CSIRMG are

F for Bg]hgaséages and | abeled with anti-SSEA4
Sa%%es Yraeus £S cell Jigesgipwn e flronyets irpthg pyesence gf

sefin GQlldcBmeR 288 Wods TohbfhalbR Teackds %@ggu -
eﬁass?égs and | abel gdovvl tﬁ anti - %VAF?G%C gnt o%?%sw BS

Hinggrewn inghe piesenchof TGER; EHomddREAILE) HrBS restags (size

oo e b B FRERERR 2l N reiinedo PG EPE Tt o

(sk@ bar re@Pdea8 S0LBMNEFidhre Ttha- ESIONERR YR IwH NI FSIWET Bassages
captured using either an inverted Tl uorescent

(skp droseisrats(1 d)digey 181 13 Bda¢lblied grmive i368Peand bFGF
(6T 580 Fhosbals e B spbrnss 3 ) 4R oo bptn o'l

(F@resvhrdc)fanﬂrthﬁléﬁglﬂ mldtml‘s-ltd;-xytbﬁla@l tRRdEpicaled BurhdneBS cells

St@@" Shown are histol ogi cal sections of EBs
d fromcells grown in the feeder cells-free

cul tRiGe 1%51551’6 m%bﬁ@@&k&&ﬁ&%ﬁ&ﬁbﬁiﬂﬁﬁ%ﬁ@ ﬂﬁ?&pre%s'ﬁon

8%11 g ol d, si,npl e EB derlvedfro

of gaftice mifers PBIEA BOTHUTGPBiRRIoBNS ot fhe Faes fd i RorES cell
lieS igg@wiD a3t o B@‘iﬁﬁﬁﬂﬁvﬁd fibRhetM maﬁxgiﬂrﬁ feler cdlls-free system.
14- da% old EB derived from1-3 cell line grown for 28

Showwarg, duorpssent images af hyman B8 pells dine 4-33 grovy. ingheypregenpe of
TR f&417j Passied BB 182144V Reh fRBsEal! anltlb&ﬁeslgﬁggé qwn s&ﬁlgbar

sages in TLF (size bar 5 represent
I@m@ﬂ@xﬂdﬂﬂhll %oEStce&a gl@@neplthmpﬂemm OFTHR fr ﬁopasa&gemm)d
t I|k structure co t
i 14 e oo Pt e SRS rESatit ol -6 PG
gnéxﬁn gurthe &ﬁ:t)sence of TLEF for 30 passages and labeled with anti-TRA-60
antibodies (Figure 1g, size bar represents 6 M), I-3 ES cells grown in the presence of
TF for 21 passages and labeled with anti-TRA-81 antibodies (Figure 1h, size bar

represents 6 pM). The fluorescent images were captured using either an inverted

fluorescent rrli‘:_roscope'(Figurc 1e) or a confocal microscope (Figures 1f-h)
FIGs. 2a-c illustrate the in vitro differentiation of hES cells grown on a bovine-
derived fibronectin matrix in a feeder cells-free system. Shown are histological

sections of EBs derived from cells grown in the feeder cells-free culture system.
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FIGs. 2d-f illustrate the expression of representative
mar kers of mesoderm and ectodermin cells derived
from 14-day-old EBs fornmed fromES cells grown in

war oeuss1540 nedia in a bovine-derived fi br ong&tRoesesioso
matrix in a feeder cells-free systemof the present
invention. EB cells derived fromvarious ES cell |ines
were fluorescently i nmuno&t ai ned with various

Ragiré body nrHehesid skhekes c?éived kb 1% &uakle dafﬂe% Gé%%g EQWA for

in TLF for 22 passages and | munostai ned usrin
Z4essagrgiie $F dizechor capresepus, 190 pivByFighre 2b pecl 4-day-dld BB derived

2 - th [
f1oH) 5 oPine SRR o2 2 Bepndth T BBt Cpmmnne vy e e
aUBi-duy-cMh EBbdilived fidin @ft1as 120 giodmt fof b@ p hn TmS@ﬂz@ bar
actin SI ze bar represents 6 M. Figure 2

repgpsents 23 My Ntie fhe extoned Promtwmfs@g}g@@ CEigre 20, arzow) of the

S SN, oSO G S BT St

mfsenchyma dissug FigpreZl di fferenti ation stage of the 1-3
20 OFICJS @d«Eﬁugt?Até ﬁ:le% ﬁ\éﬁ%oglg)ﬁe Te \éliltfl evc?rﬁr %f\:/rse ggwmﬂld

fibronectin
egipdaran eeltsrdgoval fiownl L‘l#}ﬂaj EBSE)BSd'&Jﬂne\ié‘tﬂmt Be eelfsrgsivn fihArious

- P ion s _perforned, on S es
ol Bk SRR U e S oREb 107 groen OB sgtem of the
prdsmt dhvention. [(EB @clls derived ffom calids B8 QUM s Werd fbordRently

passages; ne 2 - 1-3 ES cells, grown in TLF for 20
BB A il frigus fibogeprobry Bewear e b61aeh g ez mgn

ml fo8 22 5pea@¥ add) inkhfinds@ined JusPR SHATE e h@&%’e A
14- day-ol d %Bs deri ved Sfrgm 1-3 ES cele$| ) d e\}%a:mst ngl’plgﬁl

Sﬂfmﬁciab ai&raeg‘eas Teqrenais § pM) Figiee 2001 the EBwel) éne geoknfin IR

14 day ol d %%gh%iﬁfmv edf hﬁﬁ% %L%b%gggceﬁe%%%?mﬁ% nt%ﬁ Sm?EtIl-l
nfugtle 2Qingfsiscslzag espreskstn & p¥): Flké’edﬁythe (DBd:e]EBﬁe gem\i@trpfﬁsm

S gel r.omn,in TLF
Jssz? eIFfI gl %\%Swgd rEREt WO&B% %V'é‘g? i %-“fft nCph%é (size bar
r@ﬁsm@pml} RNA 30 (Figure 3, lane 8). Note that the
I?S of lanes 3-6 were derived from four
t

d| 1 lgsirpien BL-RR detgmpmption|of the diipromigution SBaGef the 1-3
oPL8 /HS &9 %(909{3— 83Q bolvgleﬁeﬁ@ed fitofectih é}éhraﬁj\[/ M § feeder cﬁls‘ﬁee

hi st ol ogi cal sections of teratomas ed from

ﬁ)?tesl WY the gmprgoidehadiasi(RBe) dprivethihrsfroR6 BRARTFCR reaction

E&ﬁﬂﬁl@d OhCBRECLalnpfls Yex tlj?&edT!{’rFmOP 2 O DSrs ge }ri]%%v §ived

ronectin matri x'in a teeder ce’ls Fee syste

'thwﬁamo kenesk e {4308 céllsairomte in H dbi Tﬁapashgme Nare :{ FI-g B cells

s ec r%?tgrf?f()!r 20 gm{aﬁ%% ?%lrgna(r: ?g%'d?ﬁ% ét#:e ‘il I%?]Tt EE 3@ gells
guywy in §ilFefopdB pasgepes bmest 254-BAf- old EBs derived from I-3 ES cells
grown in TF for 28 passages; lane 5 - 14-day-old EBs derived from I-3 ES cells grown
in TLF for 30 passages; lane 6 - 14-day-old EBs derived from I-3 ES cells grown in
TLF for 29 passages; lane 7 - 14-day- old EBs derived from I-6 ES cells grown in TLF

© for 22 passages. The specificity of the reaction was verified in the abserice of RNA

{Figure 3, lane 8). Note that the EBs samples of lanes 3-6 were derived from four
differént batches of I-3 ES celis.
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FI Gs. 5a-c are norphol ogy m crographs illustrating ES
cell colonies grown on a human-derived fibronectin
matrix in a feeder cells-free system Shown are bright
Woetodsisemges of the 1-3 ES cell |ine grown opcHiB®E001030
cellular fibronectin for 22 passages in the presence
of serumrepl acenent and the TF conbi nation of growth

.10 factors. FIGs. 5d-f areld munohi stochenistry

mcr s e on, of rf

o 200 BRI S o R RS aY gl B B ang
I BS el Hass ngWIn for P& and gp Wa@@, f:bsllil lmﬂ?&iy,dﬁVFDEQh a bovine-
cells ee s

A TR b oo R Ben S eromapaseigp inlude

mhyeligated hive €Figae 4a)y nm;z@ of hidime c%i’t@ig@r(@@iﬁduﬂ) nma RedrBiBry
ence of TF for passa es and | abeled w't
cpfthelmgzhan S?Plﬁr?ﬂl% P‘? 18038 Tepmeppnis 25 #iE | - TRA— 1-81

(Fi gwies. 38 ard f H&H@hiﬂi‘o%rﬁ;ﬁs Elg:Jstl.ratin! ey Gl %)1'6%1%9__ gr?)'am on

human plasna fibronéctin™ pre Eence o

alympaderyedk fibraectia mariding fosderrvells-fraSE/stent. FSlg;mxiearEfo)'lght

S t |at|on
gt L LISES UF (el ], LS R o8 o
passazes iR dheoplesenes of egumrrepledtenmnt nmbihedTiE icombinstion SSTouwewth
?% i mges of 14-day-old EBs derived fromthe 1-3 ES
cells grown under various culturing conditions.

Fi guFEGs6ad-f aheiimmurohistodhenisthy i@o@estis1HHTkbARg the RxprBion

ERGRPESER drid T i sttt fdiersd e Ba cob e

gm’vﬁﬁcﬁfmﬁmﬂefn ddnifed Fbrofic@nh hafr3Gh Q'fSedePbelld fred @Rown are
lasma. 25 fibronectin matrix in the

6C -
e agrs QTR B3 S8 Gl Hioe SINGHLoTt prmad e s bgansetin in

] tlﬂ freserded dfTWSHF B8 SiRsaBds a%@ﬁealfégaﬁ Hifh dﬁﬁt’l‘fe@-lq{O dnlifodies gl;“]1ggre

%Jfferentlatlon sta?§ |'s grown
FamtyERAvS (Figwe Fek tthahuraany HX9 IEIS wllflg@d@ﬂtured on human

T6hb FbidR&is ¥ &@ﬁ%
p’der ived theref fhgmr The %f'lﬂtlghc%) r ea@ysg%% Ag! 1%%15?58?%\9
SeRAR &Pt es extracted from 1-3 ES ceIIs or EBs
deri [ OWI’] i n
TE 1o, S I e Iyl Wrdenod P R R e o
fibxgnectia magbg xetjosfiee, Beder telB-fS c(bﬁﬂalﬂSnsg rSiimnlafb ifdafes of
K S ol d EB derlved om
ViS-98 BBFRRAERL B heri, B K afuh e (St
copditipay. Ibgtde GEB:hunim callnthr fiibamedin3mESx A8 heSprédetvdofi the TLF
7 S | ang. 6 -_14-day-o0 EBs WO ..
a5 RO BB TR B ior 0B g o e s DBt gt ince
pregnbs ofrthewTH gro®iti fhdirs K6r PRSRSGALSs; FllRe SREChfungd sk
ﬁ%mnectm mairix in the presence of the TLF growth factors for 16 passages.
FIG. 7 illustrates RT-PCR determination of the differentiation stage of the 1-3
ES ceﬂs grown on a human-derived fibronectin matrix in a feeder cells-free system
and of the embryoid boedies (EBs) derived thercfrom. The RT-PCR reaction was

- performed on RNA samples exiracted from 1-3 ES célls or EBs derived therefrom.

Lane 1 - I-3 ES cells grown in TF for 22 passages; lane 2 - 1-3 ES cells grown in TLF
for 18 passages; lane 3 — 1-3 ES cells grown in TLF for 17 passages; lane 4 — 14-day-
old EBs derived from I-3 ES cells grown in TF for 17 passages; lane 5 - 14-day-old
EBs derived from I-3 ES cells grown in TLF for 17 passages; lane 6 - 14-day-old EBs
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reaction was verified in the absence of RNA (Figure 7,
lane 7). FIGs. 8a-c illustrate gromh rates of the 1-3
(Figure 8a), 1-6 (Figure 8b) and H9 (Figure 8c) hES
welhodossies under various cul turing conditi ongrrBhRYbioso
are the. growh 5 rates of the 1-3, 1-6 and H9 hES
cell lines when cultured on the bovine-fibronectin
matrices in the presence of the TLF (Figures 8a, b,
d&Mdb %-oxﬂ §3PES tdeli € @bwnoiﬂﬂfLﬁ %i’ §8)paagest Hfe & cgifdl UlChe

respecti vel ack curvés) co |nat ons

I%@@rwmﬁ%ﬂ@@bsmwogwm 7§ labe Orect i n mat r| X in
the lﬁtﬁsﬁr&ﬁu&fbateté}m at%?%@f‘% bg)glffg%a)r ﬂé @,}%%F 8&159

(Figures 8 respec
(ugre 8¢)) hESovelldines haslek/@asous mlttirergdmndmexlsl §h()ﬁngwr the. gibvah

ark_ bl ue curve
e Bk B3, L RRPRE HES Yot SR RSURE HBe it ot
m@uic_m}jmthtgarm dé‘ IﬂfqﬂéBSLP Cﬁiglﬁeq%b Jfantl Egregfelerlﬁety , @fnk curves) or
u .r en e ce n cell.s wer
w0l (B B it ‘F%ﬂeF%WBhd’T%El%‘fe%@OWOP? ghgrowth
faborss @n el hytoahi-Bbrbhdetin thaAst n (¥Giredence of the TF combination of
bovi pe- flgrone%tln in the presence of TGF(3, LIF and

gRpE-agtoyst o e 15 ToSPES B B IR Crhies) i cndhe MESS
fedddr Cdlls (Righred® ‘3 1.4 Eﬁfc (rggpgc deﬁﬁ’ ‘lﬂu@ %ur;vésl? ronectin in

. th nd
_ ﬁdﬁhfggggﬁﬁgﬂﬁwhﬂ wﬁﬂ@mb¢e§§n@@y@ﬁvmmwxgﬂwanﬂcmﬂﬁﬁms
to_(r s@?diﬂ:)he %m@ uaam;eﬁg&w RES %ﬁ& %{&ﬁ%?ﬁ@ &1 LYere! @r@g@

bovi ne- ronecti resence o

lomg culbsipignesntlitionss "Motiin emhrybine firebleste €MEBE),

e R L s Red

ﬁmﬂacﬁﬁ &f BB tpkatRe of aid P? VB Sndieitcr orredr), Boﬁﬂ@ﬁ%ﬂ@cﬁn in
increnents. FIGs. 9a illustrate human ES cells and

thg BPP&WCESF EEF} andhRGH €F Bdobpmamiibrorastie in the ptesenics oETGFB

I ul ture cond
AT M o e 0B R PP e
filypaashin dmihe pesderce of lL[]ES afd HEGIS ) e]fﬁinneﬁft@(bﬂeeh@ﬂl the j&reﬁen]?e
resence o

line,.gro on reskin . matrix in the
of ity gl s (P bove i Secmin Bs RSB SE AFGE oneyF). The
peﬁegidg& of lﬂndlffé‘reﬁt;a@ed?&llé whieliRtcBhiB¥inQRo MRYslih@6hents. fOr
3@8 3%%§ presence of MEF conditi oned medi um
(s. Har-t gt %ﬂ%@ \gpells prpdybypraangES celf cglonies grown eie
fe@ieewlsomeel\@aeﬁ@tlﬁlae& aiohd %uiafr@%@da?@'%n@f sﬁb&nfa% 3&@4%

. passages (size bar represents 75
m’é‘%‘FSIOf eriarigysdishoedilines giowmentfeader eslls-free m@mg &Fegurg9a Heb

SR, i FE A GEREE ) Mo

remra@s@g’é $MDn Fighes Sibr-elshfh call lirfe gFbwwn ()mM:amgaﬁ‘TM fe 12 pssages in
re,.of 1-3 ¢

] P o AP el s Gt Peerroreniosd HDas Bt - 16

.cell Sing grdimrorf MBF @5t fn 188 pMsence of TLF for several passages (size bar
'repre‘sents 75 pM); Figure 9d - I-3 cell line grown on fibronectin for 21 passages in the
" presence of TF (size bar represents 50 uM); Figure 9e - I-6 cell line grown on

Matrige*™ for 12 passages in the presence of TLF (size bar represents 75 uM);

| Figure 9f - I3 cell line grown on fibronectin in the presence of TF for 20 passages
~ {(size bar represents 38 pM).




10

15

20

25

30

WO 2004/ 055155 PCTI I L2003/ 001030 14 FIGs. 10a-f
illustrate histological sections of teratomas in

SCI D-beige mce derived fromthe 1-6 and 1-3 ES cell
Wwiorzem/ogissn on fibronectin (Figures 10a, angddizeodoose
matrix (Figures 10c,e, and f) or MatrigelR (Figure
10d). Teratonmm sections, stained with Hematoxylin &
Eosin, include gut-Iike epli t hel i um i ncl udi ng gobl et

cel | BIGR. (G gumemwa)smwgaap .n,@cne&r Bf {88 ds! %3%@]3(@&%&%

10b and c¢) nmbr yonal ot ubes (Fi gure
desived ifiop féta ,I‘ép%n(iﬂé ES el Mgy erasviL o fibrenettim(Eigimeatl 6 and b),

RTM @R[ .
e A2 LG geng D SEBBIR T A RE N, b stions,
stgmed with Hemmm:m& Eesim finclusie Iguﬂhka)épithdhmb richidingpoblsticells
t. te el | S | ayin
(RRE0T00, sufike tiike SHROONGE G FT Smppmartmufiioes g
19d)esetified epitheliunp (Fi'gmfl(}e)tdné inyefindiedrenve(FiyO DO, Size Brs
cell .Ljin which are free of xeno-contam nants and
T?Feée"éﬁﬁgg’fe of being maintained in an
undi fferentiated, pluripotent and proliferative state

in culture and thus are h| ghI swtable for human 15
ON FREFERREDEMBORIMENTSn of the net hods

of PTIRPR HORA
f eeder aﬁdgﬂglggo cor%tgg?}lﬁﬁnégﬁltdg Ogﬁ%@ﬁ% afl& &)Fﬁ)egapr gshg‘m?tg
GIPPFW@THF isern eptlylings epwlaying feerdve ceiscint, winobfreeedubineneaditions.

TS A e A R DDA L E Bl R B R e eh

xw@tcanﬂalmnantsu andt areb eapabia defi btm@ dnmiitaitned He amuﬁcﬂiﬁmﬁldt@i

b Thd SRyl ol OBk b iR prechiely Shiable s dumgo

ﬂttapyExarrpI es. The invention i's capabl e of ot her
i ments, or of bej,ng practiced qr carried out in
var .0@13 aﬂ? LBeraign Pﬁﬂlﬁ duethpds of gespating Bupgrp pmbryenic

_stphraﬂemieowomn of fedei Aol Qe efilnadats BeLAIMY it ﬂteO{)reEéﬁﬁ

tpugﬁ) %e of de cri péal on and shoul d not be regard
ineoePi ey of &eﬂemﬂ PPRGVRD FilrERTe Esthgélrwng&ﬁnéwccompanymg
daseriptibher enti ated state, ES cultures nust provide the

cells with condltlons whi ch mai ntain cell
pr olFefaF SAnlaning phispss ore embodisnent Oﬂ'ihﬁ ﬁé’ﬁ@ﬁﬂm indetei ibisdo be

 ulBeREB8A Wt e WiveROSER Y iG] inGida 1%%29{1%:}1 ]&%t B in
pi cal l achi eved bz ut|I|2|n er
th?\%ﬂ ligwi caipton ercaxemplifieddydbe Exampéetse fbhe &iventic®(s capable of

otﬁér‘éh'lbf)(ﬁ&%ﬁt's @Fof Mé?ﬁé Sradlced BER AR fn%noﬁsn\pﬁy%' tARd eé is to

fferentiation
be understood that the phraseology and terminology employed herein is for the

purpose of description and should not be regarded as limiting.

To maintain human ES cells in an undifferentiated‘state, ES cultures must
provide the cells with conditions which maintéin cell proliferation, inhibit ES cell
differentiation and preserve pluripotency. Such culturing conditions are typically
achieved by utilizing feeder cell layers which secrete facfors needed. for stem cell
proliferation, while at the same time, inhibit their differentiation.

In order to traverse limitations associated with feeder cell layer use such as
feeder cells contamination and undefined culture systems, more defined feeder cell-

free culture systems have been developed. Feeder ceﬂ-_ﬁ'ee culture systems employ a
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In order to traverse limtations associated with

feeder cell |ayer use such as feeder cells

contami nati on and undefined culture systens, nore
wohnnmasifeeder cell- free culture systens ha¢glaeRiooio30
devel oped. Feeder cell-free culture systens enploy a
WO 2004/ 055155 PCT/ 1L2003/ 001030 15 matrix, which the
ES cells are attached therléto, and a cul ture medi um

mBC R O @?éeusfa}eemﬁﬁe&pr O o,}%n&gc ¥ Okle mgﬁﬁlé%ﬂﬁh% cﬁr‘MeQ

facfors needed for ration,

 thedifpcalls rmtln qyteikisies endgrbwiiifabtbermeadddalbi ol protiferatioh,ywhiked

tﬁg@%&a&g JSQQE%SIJQ‘% t?a%?,ﬁ”ent menbrane preparation 5

tracte Hol m Swar m ( EHS) nouse
Sar cGerampnly gused I\/HtamcgselzﬁE[h)e i basement membrane preparation

B i L e A R B

bmmnalﬁlﬁmmﬁdflai’fﬁﬁinu NSuch rmm@y ntd 8dialy FRHldhented with a mouse

ovi ng_ serum and growt h factors.
"‘Bﬁ'g’@% nﬁgﬁg?aé&rpé‘gﬂs %46 1Honed st EST c 8| [s¥ntheticn gnedium
sippRarRAte Sith Sotihe fenghl hidrBwihilctsést ens enpl oyed
Matrigel RTM or lam nin matrices supplenented w th

f r e SHOGON: HREPtioGPUipCaRIpaR B eollmusing fosderngells-free culture
sylslem- enfPidye d"i\@ﬁ%gelm or 303004428 dsupﬁg%igﬁ‘[%{ with SR Sulture

f eeder ceIIs- ree matrices were rom ani ma
mediye, and agrevihtaeter wixgwerfly.S. BatpAppl. Nhe2(0I0@HTSES. dhiweser,

Iy Lol ex e
S R R DN RS0R wekl dBRA AP i B R hTE Bl Smay
expree therbluyarhES) tells m]mmnalr];aﬂlog&m %hachiihoiaﬂhm}bxpenments used a

| e.cul t || | ndeed
cdpfHhERYER B A ROt Al KBSl SR trr ety wiith
mﬁbo triodviersiply dmggfﬂzé blﬂqu'S @b sndmhaaﬂp tﬂaﬁbﬂmk/tgdih U5, pat
u , n r enLc eno e reover
AP 2R0RHFREN e dHdig ie ok SuTBS ey Ve, aprweyimately 19
haendh istiggestthgaantutdeligédie f)l&lﬁb!y@% e@(ljdir&Her lﬂ?ﬂ&p&@%mlh?ons only
es on eeaer ce S ree cu ure
56815(0%%“26% 5‘%@1&‘5 a8 peditferefigled o8l aaerahalegmiollawips 14

pabgestint fadllcScdigitict B8IRR¢ ShteRHr Poses, human ES cel |'s
must. _he cul tured under well -defined culture conditions

whi CHIBgpEh sush caltpring copditipnemight bajspiblerfr epseaich \paeneses,
hudtab| ES @élls§ AlstaRl éulﬁu%@hﬁﬁ&mﬁm d& H%Mrﬁghﬂlﬁéﬁkewmtch are

regeneration in humans. Wi | reducl n resen
esferiali fresrpfagimal a@tfanelewhemh@hp?defgemﬂ nepﬂamem &le:lawer tisgge

regl@¥iB60inlRGARS cell-free culturing conditions which
are _devoi d of xeno-contam nants and yet are capable

of SVitleasedvaing thamussenitiovantion ke piapticey Meurresehiomvattors dared
deviBe RREFUEE free culturing conditions which are devoid of xeno-contaminants

and yet are capable of sustaining human stem cells in culture for at least 38 passages.

© Asis illustrated in the Examples section which follows, stem cell lines cultured under

such conditions maintained all ES cell features including pluripotency, immortality,
undifferentiated proliferation capacity and normal karyotype. Thus, the feeder celis-
free culture system of the present invention provides, for the first time, a complete
animal-free culturing environment, which is capable of maintaining human ES cells

for at least 38 passages in a proliferative state while preserving ES pluripotency. In
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As is illustrated in the Exanples section which
follows, stemcell lines cultured under such
conditions nmaintained all ES cell features including
woundspeiency, immortality, undifferentiatedermmoos/001030
proliferation capacity and normal karyotype. Thus, the
feeder cells 30 free cultulre system of the present

i nvention provides, for the first ti nme, a conplete
addiiion| mbdeeat 85 19r 6MNBS eyt rcamied tund¥hieh dofidiGaRabligvirf

t h ES cel | f t | t 38
PR 4 Aoz P %pmx%rtpﬁwéﬁ%ssm@u@passages

pl ur TRGL QB&Yding Mo MR Gkt Oé@érﬁﬁnp e 1'52;9931415@ 1030m0d @f

addltlon nore than 85 % of ES cells cul tured under
egfahlishing r@dhwa@n@nmltb stemdcellybing t4peble wf ibgingdnaiplained in an

% ng tp Bteflt glﬁfjgllo'hf@a&v'e atcg:)fam?S %eﬁo’lg slagsll;‘{n%all Tg}ég of

he pres I nvention ther
Xmm@mﬂa‘nﬁest abl i shing a human enbryonic st em ceI I

line I [ lhtain s

“undi fa%er g‘?t |%5 d?]gpﬁﬁgarsggostteé?]tce nli“"prbe?‘?r? 3? 11 ecapgbls of
dﬁfuhnb' eummnmldﬂset- miltbrpdslh}ivﬁlg egmﬁul?n(qlrmamn&immf oales “ful$

s e N=] rase ce i, N refe
URRERRED L o S Rhpls et B e gdwerun@éﬁfqrenﬂated
sﬁagepMedm’;err‘;gu@qﬁht tibrgblr’, specialized function (i.

“ful rentiated"” cells) or to cells capable of

bei njﬁ%ﬁa‘fehf g% the dPresept JnVegHen P%beehﬁmaéﬂpewtm Stymsgellp @btamed
ORI RInG afabBtr tisRleWr b HldRAduab Bleaﬂz 68 brSfom ird MdotloF s n% orn

.the_present jnvention can emat opol etic stemcells

idpiah SELLTIORIG FleBUES) pRllS obtained ﬁgméhwmlamommasw foamed after

(0] C r
880R 4652 blab D O Sy R piltn ) L S A lsOHIBh
PWP@!‘%@ fsoﬁlﬁfh@t @e[s(:réqed heesintelavon Prefemed, stohassilo ©f ghd present

Jane T AVolal| Stem cel | derivation and 15
! pr epar at| on | S %’l‘:’g{ ﬁ]'ceerPrl @%ar. bed herei nbel ow.

Pr ef &¢qoeding teemecaspécs obthet presepr 2wertion, ihanestiiodois efibeed by

' ?hﬁﬂﬁ%r esen%éx%H \%%]%:SI Ceﬁl? lﬁlid ﬂ@%‘ﬁg%% @%@f‘?g@?e Rig ?e%fceﬂf

unylst &eMrwgllshﬁlmnltmdyopmhmnsszﬁd’l melulisa maﬁhxcauﬂ b uﬁrssua gulhhe

TR G B oy 5555 iy 425 o

limd.ssue cuI t ure 20 nedi um i ncl uding grovvt h factors to
n enbryonic stemcell |ine.

t her eb bl.ish a h
Acc d&ﬁ"l\é %’ iy aspget ¢ gReseMeyeHioRn FuliDg At eHpeted by
plamig e Eﬂaﬁl deBs &fib eetapek E}’a ceﬂ'cﬁﬁdlﬁgvlﬁaﬁpr&hsm 681 dudvittRd
patrix E‘Hla cell density whic ronot es cel

Pl‘g{j yciale) |bufa ts differentiation. ypically, a plahng density of between about
15,000 cells/cm? and about 200,000 cells/cm? is used.

It will be appreciated that although single-cell suspensions of stem cells are

usually seeded, small clusters may also be used. To this end, enzymatic digestion
utilized for cluster disruption (see Example 1of the Examples section which follows) is

_term_inated before stem cells become comialetely dispersed and the cells are triturated

with a pipette such that clumps (i.e., 10-200 cells) are formed. However, measures are
taken to avoid large clusters which cause cell differentiation.
The stem cells of the present invention can be obtained using well-known cell-

culture methods. For example, human embryonic stem cells can be isolated from
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proliferation but limts differentiation. Typically, a
pl ati ng density of between about 25 15,000 cells/cn®
and about 200,000 cells/cn2 is used. It will be
sppoeeissised t hat al t hough singl e-cel | suspengéfiiss@dboreso
stemcells are wusually seeded, small clusters nmay

al so be used. To this end nzymati c di gestion

utilized for cluster di srubfl on (see Exanple |I of the

Hexan Ul ascgast II—Riﬁaa&M‘Hlﬁbcﬁrﬁé V‘%incbl & obteinBd %h‘ﬁﬂuﬂ?ﬁ]{ B Svo

st.e ceIIs bec npl et el | spersed and t

RiFEPlA{aioR SBOR T SiPEH 2 Fetlized CIBH mmoscwmnvely,

sihgl€oell hiRmg @&lb@%lclaﬁﬁe Ende@ iR d bla's:% %e rﬁ%f‘ﬁ;%ﬁs%?au%‘ﬁ §¢
taken to av0| d’lar usters whi caus
&rcislls Hhei zoma P@ﬁ@@ﬂ%mﬁtﬁ $romf tht: Ibhlspnm em:t the inner cel!

SNSRI R B8 i s

a8 remsoved rﬁmthesoﬂaettlé‘n;m thay @mﬂ@:ﬁ@ﬂeﬂg OBhd KEM is then plated in a
n. L.
Pl dRak s aling e BATRSR ARUGR TR AR s ovigroeh

' Mewmgl%ntlétdags; tieni6N derivesd dut@mrﬂ)ris Biskdcsatddeintol dimgRkither

N R O
Iﬂdmi os @l fadsh afzswaf culludBRAES. Ceblotiek %m%ﬂsﬁﬁhﬂg luh&i&h‘éﬁla'te?l

ed fr e_ bl ast st .and the inner cell 5 nmass

'%053’ 19 g"g}‘%‘?"é&y 59‘6‘?*?(41%& gucrppipetie, meghapirally, dtslsmj:lated into
ctmngj@,hﬁﬂt@q)@dtéa CRuR S biiBesk ﬂ@%ﬁ%v&ﬂt {lgﬂql

t 1CM by gentl e pipetting
eftqe@sla@n exgibeds of prepasskion bimman BS mjlsisbﬁeﬂmppommaﬂ aﬁUeS

Pamlloumsn@vgd’ nabl 6. i85 %bgrﬁ% hroa: Eg . ‘g‘tl % ?;ﬁ 3938:'

day I CM deri ved out’gr owit
M@E épatdh Sei. UﬁA §2n%8ﬂ4am9956;| Bokigss @t iabf [Humn Repiogl 4ar1o6,

19@%{@%&%‘%3%% t%[fl g@%cﬁbsg ells are then re 10

| SSU€ e nmedium Col oni es
d enmofigtill éw mpgremtdcﬂ fHakcemhéraiatiyl availabllal”stlslnﬂ Balls 6@ also be used

selec I opi cha ically
WU LA b RS et MR B elt b S ether e
NE|| hwmar Wa otehi rvelly rs@btnx (Btt;ﬁf/eysmtlmﬁ gwﬁekSNon-EﬁInng
er. details. on reparation human ES
R SRR St cmprgpnad by coll {9es sEegBG0RO02,
BSOB a¥@, 2822, AN CYPIIBY 16E03 adP@Pr3Dev. Biol . 38:
133, .,,1998: 15 Natl. Acad. Sci. USA 92: 7844,

10T a1y 8edchy e presept ivraisonibo 706 deregam human

- eifioryolie gerdt (BU). celld, PRt EGRE bk pr éiy%fed%m Iﬂtﬁ}%}nm&lh germ

preciated that commercially ava

1|, b
"eﬁé |°}°*§m§%§'%ﬁﬁ Iognagfeiysespf ahput$-1inivecks 9f gettation using laboratory
tefHrRERkndwiVie %%(S'Hé -SIATARNE R4 eleSee e%nm r*ﬁgesoéfg ﬁgso%eaged and

-fromthe uman enbryoni c st
"(tﬁ?thSﬂ}a}-le@@{lk which g thergsfier fisdgeraggted into ce]ls by mechamcal

dissociation. The EG cells are then grown in tissue culture flasks with the appropriate
medium. The cells are _cultured with daily replacement of medium until a cell
_-morphology consistent with EG cells is observed, typically after 7-30 days or 1-4

passages. For additional details on methods of preparation human EG cells see
Shamblott et al., [Proc. Natl. Acad. Sci. USA 95: 13726, 1998] and U.S. Pat. No.

6,090,622,
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20 exanples of comercially avail abl e enbryonic stem
cell lines are BGOlL, BQ02, BQD3, BAD4, Cyl2, CY30,

Cy92, CY10, TEO3 and TE32. Stem cells used by the
woesemississivent i on can be al so derived from hadiia003/001030
enbryonic germ (EG cells. Human EG cells are prepared
fromthe prinordial germ cells obtained from human
fetuses of about 8-11 week$? of gest atl on usi ng

| aboraati@iendneli %%fﬂaﬁ&\%s HETLRAD célﬁ al?}%g 3} &%uxjeﬁl on a |

the arts. The genital ridges are
fegdencellyep culiap Restamhwhich mc@dtehe mm mstea;ﬂi Faggedegedidayer.

Asnﬁs‘%!d ql@lleins AR SRS Blfers Cﬂ+ ?%P? gnla x Which Th c %{étg lﬂlle cell

are then gromn In tissue cu
@p@m@pt Facéon pethieden cellhie Soelt b smatie tgiidatiy rceﬁitam tehtratalidiat

r f.. medi u unti |
LEBLAGRTE Mrith B Bin s 551 e e 2t
Sﬁbﬁ@tedays or 1 4 30 passages. For additional details

on ]lcds of . ar at i o uman EG cell s see
Sha ‘ffpiissa‘“ § Preseat ipyenticpjare eygaceljglar matrix

cﬂ!ﬁﬁ&ﬁntslﬁﬂ\?dd m&ibédexﬁcnt Bdmbrd¥@-or extrcORfar Ytakrix éﬁgponents that
f2004/ 05 5.PCTI | L2003/ 001030 18 As is nenti oned
%%%13%‘310”( Relectle moprpr-lisand sountiagy r Mpkwigald|iy one example

ofH |c&1ﬁﬁ1@fi1aﬂ5} aPailabR et x Gﬁ]c{oﬁgjxé ofi Urd Ay \?]iu?}y ﬁtsﬁl@b%ﬁ@se

includes a matri x i nst e®§| eeder
Withethe prspeat inventive. Matigel nmarSDthlen:e@@raﬁon ﬁ'omrﬁngeﬂbteth-ﬂolm-

i
s}odégg glrnﬁ@rn?e’[ﬁk‘ bﬁa& L%Eﬁta? r&J?I? xIl yg?gté achy g%;]ciog#wéed Qasement
D@mbif@@eMaUIga} lsals@mtmialdmas atgeowth Ifabltbrtrlét&wsd pmeeaiohs (05777

d bl
ﬁ%st rat egn%’ grqny cgﬁﬁ%?a ?glll’%tg‘i“ %’Qgc ur e’iaﬁlé for use

thhe&enpresemv entremnn ahdudx AR, | fhrédectimt ﬁl*ol@:o lfrs‘/ 6P GARBHES
nmenbr ane or _ext.racel I matri x

A g B B R e matrioes of

theqnapmtonvehn@mjdﬁbmuaiunmgﬁvedl\,mu%@el (r) is one exanpl e
(Becto

|1 | abl t
Di o S5, VB&R) i g0l e it E P A e tho

nRLrXSE prefbrabl Weti 0ol frédB tal Rudeh (Sodzck Sr ] fsing recombinant
aration from Engel breth-Hol m Swarm t unor ?IP

t"%‘ﬂ&“&el SSuch  meliRes evpifat fire exanmler hmaalré@'mq@‘,t fibropestin
reRBEBIRRAL fibroRSEh, 2 Bnal B ved Ahbinkn ﬁr%?%ggﬁr}sﬁhét aBhif ag 2

growt h_factor reduced preparation.

 sxDifefie CHPIERY PR  x Hunpodented Shronetinpomeby foix plases

25

30

| fiBh&din & Cefththd ﬁgxloﬁizéhﬁ,r bt %or ]vﬁBXH bdh {)@ Sb@inES ?3%11 §1 B St

Inventlon i nclu am ni n, ronec , prote
Lo, MO, AJSA. Human derived laminin and foreskin fibroblast matrix can be

obtained from Sigma, St. Louis, MO, USA. A synthetic fibronectin matrix can be
obtained from Sigma, St. Louis, MO, USA. Wiy |

Recombinant synthesis of matrix proteins can be effected by using expression
vectors. The polynucleotide segments encoding the matrix protein (e.g., human
plasma fibronectin) can be ligated into a commercially available expression vector
system suitable for transforming mammalian cells such as HeLa cells and for directing
the expression of this enzyme within the transformed cells. It will be appreciated that
such commercially available vector systems can easily be modified via commonly

used recornbinant iechniques in order to replace, duplicate or mutate existing promoter
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heparan sul fate, and the |ike, alone or in various
conbi nations. Preferred matrices of the present
invention are fibronectin derived matrices. In cases
whedgossesspl ete animal -free cul turing condi t ipeRSLR0301030
desired, the matrix is preferably derived froma
human source or synthesized using reconbi nant 20
techni ques. Such natrices ]i9ncl ude, for exarrpl e,

opéﬁﬁﬁﬁbef'j% haRes ffﬂdk%rr *, #aeﬂ %%‘Fdlé% e{ﬁi:éﬂ?:es such

human- der| ved [ am ni n, I'X or a
ass fort Ireaniple, f seqrenes: ehepding aﬂdmoﬂdu reellectiber inadelrs or sequences

eﬂdoffi?\g%g}gﬁ g}bf@ tRl%s fom plasma fibronectin or

cti’'n, "both of which can be obtai ned
f r onSWiablramaBtoalian @mpmssidmvedﬂﬁé\ intluderbutl erd e Hnairedn td)
oreski.n .f.i br obl a trlxcnbe 5 obt ai d from
P@Nf*g rEpiA3 1&*@’ &%‘-OSSE@KP’ A %§Fﬁ PRIBP odEE imys/cyto,
p@hl[\f?/myc/(‘.)&m POR3. 10 WhithReavbilse $od ']iﬁ*ﬁltro%"en, pc@hSoh iMailable
& AP %%ﬁqgl n(z tﬁmj}ént hesi.s of matrix proteins
28 | Pigiogh¢ P reeh g avadallp risom Tfetegene,

PPREY Whizh @0dvaidlSRaeMrtect i dhdhdtelibfivERL ri X protein
(e.g,, human plasnma flbronectln can be ligated into

a cONFerEE g prefasd) epadinsay 65 ﬂonre%e@bmienm sﬂ;tfstcalmre
m%&ihﬁﬁﬂéh?defs Qﬁo]hﬁ&%ﬁ gac rﬁ ﬁ}f@f?ﬁ&h I_%%d
1e exp r eSSI 0 zy ITE

Is and for directin

| ﬁbwbmt revih facken B G raead %@ﬁb nﬂmm fadtor{BIFRD pndafacmrsemch

eas ] ﬁonﬁg% Wm%bb fdi:m%}? gpkn%g\éggf “r%E gﬁi%%ﬁgﬁﬂ can

tec fﬂuch; ue:altllxrﬂ nmdﬁﬁi c410bd £ Pyrltetic tikiB lchit@t the@fum such as Ko-

W ?8 %r%o er. WO 2004/ 055155
POFtoR pilel. dagekniskada Y or USA)
swppltameﬂatmtnﬁatuﬁckéf&ﬁ%&'ce:ﬁéilt)iﬁw&lﬁ@&m%to?@quences such
as for ex seqguences encodl ng additi onal
sel égf%ﬁﬂ:%ﬂ%é%soam Rriing ol besireseiy epat penmey buman
seROL.Y P EREfeABY, hifan - seﬁﬁht @pls%nﬁf"%!iéeﬁﬁm@x pg(ﬁ &d- Rﬂr%rogen

vectors |ncI ude, but are not

Cofgommiies, Cirand. lland O SIDA)-are piilizsedn Palgoto poridphaypimal fiee

-enﬂﬁﬂﬂiéﬁ@fcﬁﬁe%umaﬁ@%@eﬁy‘:/ cyto, pCR3.1, which are

avai | abl e from itrogen, pCl which is available
f r oD FAplpsemerBK- Rsindgn eﬂbpram @\lbushin chbsgitesa wmidoalslids,
vitah @Y FhSRLENG walSFRG ﬁlﬂte&s o§d ,l ?ns%fén or insulin

onf ech, and their deriva |ves’ ccor
Sub%#teﬂs colpgemiprdinmen tand dfact lefenpenis s(mmmatmm rl?tatann Publivation

| d d Wt
N b0 e Y AR IS bRy e Shtdions the
allfuubn obilbghingniotitdies e pmferﬂﬁfﬂﬁ)vea fiom| sShtheriseurc s hridairtaed

témée@] and factors such

r_eJo

Culture medium, serum, and serum replacement can be obtained from any
commercial supplier of fissue culture products, examples include Gibco-Invitrogen
Corporation (Grand Island, NY USA), Sigma (St. Louis MO, USA) and the ATCC

- (Manassas, VA TUSA).

The serum or serum replacement used by the present invention are provided at
a concentration range of 1 % to 40 %, more preferably, 5 % to 35 %, most preferably,
10 % to 30 %. '
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as transformng growh factor (31 (TGFD1) which
inhibit stemcell differentiation. Such a culture
medi um can be a synthetic tissue culture medi um such

W® 2tR05d8EM (G beo- I nvitrogen Corporation preeektledsotoso
Grand Island, NY, USA) 15 supplenented with serum

serum repl acenent and/or growh factors. Serum can be
of any source including fetlal bovine serum goat serum

or hi&@&ﬂdm% &b 'Egﬂesggﬂf g\%f\t@t?éély o ({%erﬁse rfﬂgn Lt § lfacgment is

repl acenmen ora
prasided @t a wncmymra@fel 506 (lseezfmampres ® m4 of the Ekmtplelr&eem)n)

ani Mel s, 8%ctors Y 'tl{ao%}%{}tt irgnrgp%r&?eﬁ Bf‘eﬁaﬁ} gﬂﬁ]%ﬂmgmahon and

Serum repl acenment
csmbfsprpvldtdeis theastann cella @t @y, conoshir@ivn RGitable fONES €T phrolfeRion,

errin. su te nti.oxi dants, insulin or
nsu 'R a“%[}g%?ﬁ“g’{?ft% ceﬁg}ffeae&gﬁnoﬁr ecursors and trace
eI enBuitable( drovhr facibis abakdiiatonhié plRsdt invaitioainciNe, b¥Gre not
{030679 to Price, To provi de ani mal -free
Pt % &Pﬂgoﬁg‘”%@domﬂmmﬁﬁar bagie dikioblasiy seopith u‘hc@cg
(W@E)%&ﬂa%ﬁblrééoﬂﬁﬁlmq bl RGeS AU 8 1@{}%&!;0

25 reconbi nant proteins.
fackor (RINEED Ireqombinmnt BemerbOnasistatii Mdmferlaﬂmxaﬁm-ﬁ)omm rltgam:l,

|
SBPBl Bl S0 e o AT FEFISa Brgh
s@p@;maoi( isue kulbirg rédBpntdSuch andibed dnvATEEen (Cdvp(ﬁaﬁcﬁﬁBrodM‘ts

U s s Pl P e PB4 T0 it tiesio! loc,

Tmn@h,ﬁtﬁkms%to 40 % nore preferably, 5 %to 35 %
nost , pr.ef er.a 30% WD 2004/ 055155

T 95516 Sxtele 126 thekaimmaten gt Whied Sl wheares sl
arendittietd ®A (K vink FbrE@ e Mn' msl ASEHEB F clilfure RicBiinf ?e;neﬁted
concentration of 15 % (see Exa les 1 and 4 of

b srgumg seplacsmpnt, bath (TG en I&FofrFo nemvpmetmnf growth
b onbi, nat.i on and be

SLBAES) 8, SO0 S o A i B8 o
C@ablp abineinfabringlSoeel BS q@llmfolr tdleat $omd 56§)a!dﬁgds§re§ﬁecﬁ¢b@.

iy LR FIE (T T
faictocd usdd o fppleatest thotES ammm clilfhred 6188 FEAEMNEING-HSE Qydidy
e B P A tBomD: nant | eukent a P bi tor f act or

(L1 R¥ndef febd @ ekl QiR RAEms, TGFB, is provided at a concentration
range of 0.06-0.24 ng/ml, more preferably at 0.10-0.20 ng/ml, most preferably at 0.12
ng/ml, LIF is provided at 4 concentration range of 500-2000 u/ml, more preferably at
750-1500 v/ml, most preferably at 1000 v/mi, and bFGF is provided at a concentration
range of 2-8 ng/ml, more preferably at 3-6 ng/ml, most preferably at 4 ng/ml,

Although less prefeired, culturing hES cells can alternatively be effected using
a conditioned medium instead of serum or serum replacement supplemented medium.

Conditioned medium is the growth medium of a monolayer cell culture (i.e.,
feeder cells) present following a certain culturing period. The conditioned medium

includes growth factors and cytokines secreted by the monolayer cells in the culture.
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factor (CNTF), reconbi nant human Oncostatin M
interleukin 6 (I1L-6) FIt-3 |igand, 10 stemcell factor
(SCF) and the like. Such growh factors can be
whiradsesis§ rom any supplier of tissue cultur

such as G bco Invitrogen Corporation Product@ﬂﬂgﬁg%b&%o
& D Systens Inc. Mnneapolis, M\, USA and Chem con
I nternational Inc. Temeddl a, CA, USA. As shown in

CLBldondl D ATPAESOREEY, il Sk e 8

mpraagyenc & chitael t lEmemylesj iioetudeu piER neendionedwinediu) fBreskin

L L T Qe T NN AR p—

faﬁﬁi‘fﬁl ¢pfthéljal celrs‘mnmﬁﬁmxean&ﬁzugf awd thefi@et ors are capabl e
at | ea 53 .and 56

© s ity sH ok Tlisioned Reditm, e oty SR E) EpPIRBIER Sals:

suehra® ﬂjrm&n@ﬁ:loﬁé&&n@ﬁﬁﬁ hiichi I8 YEIHub&Iby dulBrigH e forkEkin
actors used to supplenent the ES cells_when cul tyred

B 13 2 @awly medipmsunder gondifong Fpitybie. foyqaodugme Fhe cpdfoned
m&ﬁ%or LI F. Under feeder cells-free culture systens,

TGF(31 is provided at a concentration range of
0. oéivgh 2 grevgh medivapean herany ancdibiny seitably, fmoct@tumg fegdaricells.

/ t
co%%‘ezﬁ ?getﬁlu%ﬁ |cgrélag‘g g&ﬁ%&hﬂz‘gkla nlll}}rﬁ}o?:a %%t?eél %?cgf%raﬂgfl?/
acgls, 6279060 0ne)/ railti-omidgnts degf, ebabingreaptodib@Ol) uAmd grosvill

' ncen i 0 e pft-8
1S it BEAUEL SE0L Bh o Gl e i ds 3R R o egpen
replacefnenty/ant added\at dsffmtyi'e doaeesmpﬁmf ehgadts desdtibedrdlseghbrie$0.S.

atively be effected using a
Pa%d#cﬂ T oﬁggéér@%ﬁUm i nstead of serum or serum
replf&e&uﬁeﬁns mm&lt&ﬁ&fﬂﬁ €t FotiiMedivfOfvd ishifioRECLIIE & dHdw
-is the di um g_ﬁcta nonol ayer cell culture

adefiafe ac aP@%d’ PeTEPt d3°1955 49 SHPPOrl Stem et praliferation, i an

xR SBRS. qQYpicdile ﬂfeoﬁédﬁdnoié%nafﬁ%édn&y BhHEE For 4-24
growt h factors and cytoki nes secreted t he nonol ayer

hoa@ 4t37°q- Howeye et pz%h?a@é&'fs@eqd@ﬂsge@mwﬁ@ﬁm%
thé dor@anrkd in@(!ﬁﬁﬁ’x oﬁ%%@ﬁl%tﬂ%n@ Qiemtifthsf rom a variety

of cells form ng nonol t)é’grs,ln cul ture. Exanples
| nclSsleetionet euien ﬁpnaﬁ@w &P@ﬂ:ﬂwﬁl@ﬁ ﬁis?kmﬁﬂmfé dndpsel oncllie

Medinig uq%ié
Scms di um fa I opl an ‘&Eel I a F%rsé:%ﬁﬁgﬁeger%by
inyRbwes kg vsa e dftd#@tddld@@lce55 Chahnwa fcelt wtlmystam are reviewed in

Flgﬂg%bédg ore(g%%n% 5@ 4 hose derived from human cells,

condl I'oned medi um whi ch is produced
by dellewing ragetmpiationf dragdsiate factors in the medium, growth medivm -

{i.e., conditioned medium) is separated from the feeder cells and collected. It will be

appreciated that the feeder cells can be used repeatedly to condition further batches of '
medium over additional culture periods, provided that the cells retain their ability to
condition the medium.

Preferably, the conditioned medium is sterilized (e.g., filtration using a 20 uM
filter) prior to use. The conditioned medinm of the present invention may be applied
directly on stem cells or extracted to concentrate the cffecti\‘re factor such as by salt

filtration. For future use, conditioned medium is preferably stored frozen at —80 °C.
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cells in a growth nedi um under conditions suitable for
produci ng the conditioned nedium Such a growth

medi um can be any nedium suitable for culturing feeder
wol2bs0ss139) The growt h nmedi um can be suppl emgiéragiisbdioso
nutritional factors, such as amno acids, (e.g.,

L-gl utam ne), anti-oxi dant (e.qg.,

bet a- mer capt oet hanol ) and*growth factors, which

beneufdcmﬁltgammeeﬂnhmm gHR ﬂr&eﬁr}n%gb%ftﬁé &ahl Q‘e Shidk&a

uﬂ? m and, serum replacenents are added at ectlve
@1?{ reltsifEns cullwénesconditigessiorastablishet lgmmrxonncswm cell

liggat . Appl. No. 10/ 368, 045). 15 Feeder cells are
cultured in the growth nediumfor sufficient tine to
al | 6 csighliphed ehumaou embaioinisn stein s@lir énedist abtrattsized by

I on |

undi fP g‘? %E??ﬂa%gg sg&%lr&gg%a Cat PR7 ]tmﬁ?hﬁ%&‘l Jhfliffgrentiated

stf@b Al Hneorraprisss &t iéasUF0 Pig af mstzsozza mmlpra‘f:aglygﬂ Iast 70 %,
TLENY e

8 YRty W a4 oA bR PRI Rtk 85 o hiieRentitsd stem

ceBs em cel | grovvt h and differentiation. 20 Sel ection of
cultur sfor conditioning the nediumis based
on 1Aﬁe ?@’g? |5c?§‘g bpt ﬁ?@’%&ﬁéﬁstﬁemdwh#é@if@hws

unﬂﬁfe@ahaecal ,ﬂen@r eéilsci;afeo nrphelRtAG! ﬁaoxﬁlﬂ}bghv S t%s USiEar’
ystens are

éﬁz@&% | ces. Continuous cell
Eicalatebentls pf embrae or ad:_:#g)ngméwsthesjau@i in the
artFO by giokIRg ﬁ@ﬁ?&f@ﬂh%& Qten? fceﬁéj %Wﬁ%g;@&zcg{/ﬁﬂ@i‘ashpég Iar%os

medi um growth nedium 25
P“?%m%p‘&}cgpﬁdﬂqdr (S ER Ophﬂﬁefonnﬂiomwah dpoody | disdesdblel tell

b el ls.can
J“%‘“é*"‘esat O TE P By SHBITAfk BER B8 s n e So
h elogedi ti onal cul ture peri ods provi ded that the

cel a .0 condition.the, medi um
pr of oeh i hABIInl8 ik Wb SRS PG dbepi e el
grovdh gs ,Intfrmtbiedaatbl determient)ein cﬂﬁer?ﬂtlaﬁ@n fsiatet eSéveEdll dprokéhes,
iti ium.of the pres |nvent|on
inc e, K0 SR oI RRT Jo B SHiah b Sogio deerreceeitl
dl%mmummnﬁtcdlstduﬁmeﬂﬁedﬁsbﬂdﬁdﬂaaﬁimr such as by salt

filtrati.on, For tur.e use, ndltloned medi umi s
|+ hRRRE 1o pRlFered; i dlincits SSTechresns muyoHopsBa sturing

corfdhs Lﬂeﬁaé QB QRh c2lls AaEPRdbdEpIEe £dA6-HEB! ?&qe,ozeﬁstf?ee
emgréese in nt| n, the stemcells are cultured under

B <apile £ ofe @ainipining; fe st sellonia 8o pediferitivies ek
undiﬁ@f&maﬁdbﬁftét@_ﬁhdéﬁﬁk@ﬁ‘ q8hd, thd bilfing conditions include a human-

derived (or recombinant) matiix and a culture medivm supplemented with the TGF$,,
LIF and bFGF growth factors.

. As is shown in Examples 4 and 5 of the Examples section which follows, the

f\

present inventors have illustrated that ES cells can be cultured on human-derived
fibronectin mefrices, supplemented with human serum or serum replacement, thereby
providing pluripotgnf stem cell cultures which are devoid of animal pathogens or any
other contaminants. Under these conditions the ES cell line generated using the
teachings of the present invention maintained a proliferative and undifferentiated state

for at least 38 passages.
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An established human enbryonic stemcell line is
characterized by 5 undifferentiated stemcells.
According to the present invention an undifferentiated
st@ofedsissl i ne conprises at |east 50 % at | pasf 6908030
nore preferably at least 70 % nore preferably at

| east 80 % nost preferably at | east 85 % of

undi fferentiated stem cel#s. As described i n Exanpl es

unai PripEt AR RS I by Plsr h, olorea 1t e

dnibargritietiegyate. Wlield [diffesentibar day be diestmingliipginadabinktianof cell
differentiated cell.s of .enbryo.or,_adult origin.by t

B g e bR ari &5 RS e indiarvt oE efiuatt o
egghple, phimat: B gHlss) eaidse HeGplgaspacific dnitirbdsc antigen (SSEA)
prom nent nucleoli and conpact colony formation with
4p{'518W“&F@%‘@PﬁM%ﬂzw)-lgammﬁ&&mdi ti onal

f eat W @sshatm YA dixkbhpeen hdh QiR tIBIMPR k&tith Snidrbiihs, ES
described 15 herei nbel ow. Wien cultured according fo

celffestowacan thgsterder (oglls-Bee geliresi wplampried vithexanediep culture
i i : . 1 Ny
SR T Sl B ok SR 7 SRR AT O 8 k181
cptbyustaes wapkera tyrdend for pndifferentintedanallbe used to det ernine
cel | i ent Lati f .Cul a .
dosc flseflspecfi el Y bElackhibd Bl oo teohmiques
wettodivmimths aof [Thomsqr B enal., i(1098htSciznce 282: d I43-7i) | Fegpmples

. I tj.0n rovide.the stemcells wth conpl et e
u%girqig’- %‘r’tegls,e E%te:ég?teg Py J0op, Sgomgly;ifpt, ?ne'yéﬁ}é‘{ﬂ%qm’
imminmdhistavhegistr efos te@ aceihles abhd iBtrREMlaf @ladictsv @nd Y¥Qiymatic
.undifferentiated state indefinitely. Thus, the
HEHP?‘??Fﬁaﬁgfgﬁfﬁm RIS AL a huran- deri ved (or
 €Copbteméfidtion R BSI o€l @iFEbrétiSitnlceh Bs6'BE LABQAURDPIE R R AL
h.the TG-J31, 25 LIF and bFG- gromh factors. As
© Q_‘@%ﬁ*%ﬁmhfrsahﬁéarﬁwwA Undiffesenginte Hampn Jfiplcelds Beseer pligpline
pibipBdtask OhdNG, whith off &€ Blredra Gt FingWUE dehd Uit of o

that ES cells can be cultured o uman- deri ved

riepiormaddie, apddeydening v pthe estos Redi ubstrataritih aseqrding dp
) 4 ea i t
Phacel o Loy AR LR L

cell cultures which are devoi ¢ or
any 49isgnemionedabayes thastem cellrinsroftthe presand nuetticonmaintains

i ' . e ' . of -th
pspSELy b D eelCRebALEE, el ol Bitench RAT BL AOBSeq Vo by
thgrigimdgtion eoft ¢raltrwoidshadies (EBo) asatvell eash 8@ pasthadfesnatio of

120944055155 PCT/ 1L.2003/ 001030 23

Embryoid bodies are formed upon the removal of ES cells from feeder layers

‘or feeder cells-free culturelsystems. ES cells removal can be effected using type IV

Collagenase treatment for a limited time. Following dissociation from the culturing
surface, the cells are transferred to tissue culture plates containing a culture medium

supplemented with serum and amino acids. As is shown in Examples 3 and 5 of the

Examples section which follows, following 14 days in a suspension culture, ES cells

generated according to the teachings of the present invention differentiated into EBs

which contained embryonic mesoderm, ectoderm and endoderm cells, thereby clearly

- demonstrating that the ES cell line of the present invention retains pluripotency under

the feeder cells-free culture conditions used by the present invention.
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During the culturing step the stemcells are further
nonitored for their differentiation state. Cell
differentiati on can be determ ned upon exam nati on of
wol2hos/n84158 | ssue-specific nmarkers which are kgayWdeSodio
indicative of differentiation. For exanple, primate

ES cells nmay express the stage-specific enbryonic
antigen (SSEA) 5 4, the tHnour-rejecting antigen

(TRAN: 160 and TRA-1-.81. i s _shown .

" of Mo aRR Aol RO e £l Gt S e ated ST e 1055
oDEpIRsiONoL O&-4, BRIBE iRk drpRGsi il 08 ShEHRARKETRANAS o-
with xeno-free culture nediumand selected growh

fefopEqteinsNEWS kdlgs eepardine agdrimmin RAMetheds wsail fRanchitgrng the
expRdskion liéJePE[»fs ﬂ&eéeefxfst YOILER 1l ﬁ&k“ﬂla faIf%%ﬁéb}ﬁ%&ﬁT PCR,
cells. 10 ssue/ ¢

specific narkers can
R ingita hyhindizateyi, &‘édstetrelnimmnaﬂuras andriedrhuriohistonhénuisityhe  ar t

[E;rgn'p gpﬁlﬂﬁﬁé tit m but 2§§ eglh Iﬁecr?%%} ég’zt%néwes@ injecting

cetly tutneSAIH) whioe [Emnbl\/ﬁmﬁd muﬁﬁhm’iﬂr(kﬂﬁ Pluripotential cells grown

ohi stochem stry for., extrace ng . ..
airHY BRI R SR plabroS vk spie 21 Hs0s] sk mmop injectjon
fomaereioprs."Thatkulad brefick @ESg 41% pRRERHAIdeRYdeQRd Afstdezically
ceII ?%%erentlatlon can also be effected via
fttgee g57m SavRES (r eneenipdisapaesadamead egipeerm).

Undi A BT 6¥h af Sglad) Ll
phosphat ase activi ?lmﬁ%eh%g{g%ﬁgg%ggggct eg fgﬁovfys 55 cdlls

s ﬁfgowc@mbase%ee@qmaﬂaﬁm@@wewau e
selctel fgﬁ«hﬁh Yﬁﬁ&r%m@&.%&ﬂ e Me@tr%\}g(t 1_{1 eﬂﬁ%? {) 'ﬁp and the TLF
manufact ur er Il nstructi on ec orat ori es,

comthindtions rf@rme@a‘imqugnaa itergtotg@h em@sirating the whmipbenecipacity of
m@ﬁg\e@nmglaﬁﬁ%ﬂ Q?e%?[ulvol i ne of the present invention

nmal nt al ns ency for at |east 38 passages. Such
pl urln pddleon:‘go msantobag adiffetentietibni shate) istetrocdlly aretdfien also being

[ nbr oi di es as. wel |..as i 0
mérﬁ%@ﬁ] éfgrf EENOLPS of’r%eli Z ’FY}(a ?n‘:* SPRloWH%: gergrneall
chfr@mmedlem preIpréshst and nmvaétewefblfﬁte@ai dhﬁ‘mfgrcﬁlftnﬁl%e d&lﬂfdr@lyﬁ:ﬁ

ES cells

ed ells-fre ture syst .
ooftg el fﬂé&% §W€%3m§§1%33t gan pPBRgehiggwblished
katyoeﬁiememecdrﬂisp@dMgmpé@& time. Follow ng dissociation
fromthe surface, the cells are transferred

to t1ER ﬁﬂﬁ‘&ﬂf“ffﬁﬁl‘ gCﬁrdé‘tgefQ thesisechings R th reeseRtipEethemetAi 2
nOBD ﬂcalye@peoronbm S&y Wiy a5l [RaP& %ﬁ' f6ron&in/ ﬁl\;&\lﬁ&o%en

SU{’]Q I es and'5 of the . Exanples section

F’PB%%H ﬂéﬂle&“ﬁi qFdhe Bl Riegpabination of geopih Biciors, taspectively (€S

E;@ﬁ{piesgé%ﬁhgm ad.iRe ¥ord| ng to the teachings of the
present |nvent| on differentiated into EBs which

cont RFiE @iFrippisEgIo#Idcabiity srimrintain g podifemtivenaidamdidftemtinted
st FdrSat 14T L PYsdrE Hakds the ES cell cultures generated according to the

teachings of the present invention an excellent source for single cell cloning.

Thus, the method described above can further include an additional step of
culturing a single cell derived from the human embryonic stem céll line described

above under the culturing conditions of the present invention which are preférably

~ xeno-free and devoid -of feeder cells to thereby establish a single cell derived ES

culture.
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denonstrating that the ES cell line of the present

i nvention retains pluripotency under the feeder
cells-free culture conditions used by the present
wovRnidsoes WO 2004/ 055155 PCT/ 1 L2003/ 001030 pagér XaSoe1030
differentiation |evel of the EB cells can be nonitored
by following the |oss of expression of Cct-4, and the
i ncreased expression Ievel25of ot her markers such as a-

Lgte? ﬁ#ﬂ% O su%lﬁi c6eﬁ c¥o%}gh e we ac ar‘lﬁ fré&gemfoafexample%

Peh &bl 6,648 @ﬁénesnm ei \mom DevoBm |2m7 127e-83r Budindethods! tisleally

idersieatng 2P, o b Sonthenl sirye Toieabidiibe momeat cols
inta pﬂxgletcyllsaindt @ewﬁg tigedihglt cElR s@ﬁeﬂat&brﬁ@ cBIRliti8 Mt drestoRYite.
t% &I s into SCI D Evans M) and Kauf nan
R}F J{’T&@j nevile % dhecwmeime d gt @“Blo@iﬁeremqhe& [Qres phjgined,
sT@IeN@dil EIBALS Ecaf RN $4P8nde@A0REEn BY Y%ell Bre 48Rz 2081ble \Mﬂhﬁﬁg

upQn injection formteratomas. Teratonmas are fixed
crditiRns4” o par af or mal dehyde and histologically 10

ex a”Bﬁ@éjﬂlfe(ES EéﬂeiufeerQ'ﬁe gfeﬁéﬁt (?h i(s:deﬁ é)?qﬁ‘éﬂ&l gﬂd?eeder

mesoder m and ect oderm . |ss
cenfemipRutpi casbesised foohumar @H—Hasﬂdl tbﬂmy aBdtiswk h"@encraﬁctru red

Suppl ERont aeird AR e ARl (Eptefon [Pl b} B SRRLETE

methedi nhtticatisg @ﬁ intlmdm]esertheed nvfemb]nl onepléacelmnt dridéor Thssue

at fun
rRlerhllf, Snimpisl B PRt NS BY | BOPEHo R PTeno
aﬂﬁfcbdaec&ﬁamlﬂéﬂtsmtoah@linﬁfvﬁwntl at e in vivo. In addition
stemcells are

n f.erentiation state
of t chret Yy B aﬂ drGTHeD TS AR 8t preaie ther et celh
phepariafion Witlethedgétbelolpy AbRiiBid Mereittddayei n al |
chronosones are present_and not detectably altered

dur i 7" Persin “Hettmean indivudeal ingieed efell seplagamigat and/or tissue

rdgBhdt Lo @6teld b ﬁ&a&@ﬁ@%@u@sﬁﬁﬁﬁgsﬁ'&hrﬂ ﬁﬁoﬂ&d such as a
corrpared to published 20 karyotypé€s o

netpelpgiel o ko, s ge anwessulas: dagrde) | & ea;dlpmsedalacélmrdﬁn gan
h&ﬁatblb%czh WRohieh stkﬁ’lfd] F i ﬁ}smg@l\é %ﬂﬁpﬂng Nitck @il 'r(%]uﬂe cell

normal karyotype followng 3 assages O
reﬁ’?%%%é@dﬁ%%&@i@%n suppl enented with the TF or

t he FiF 1&&@’0‘&-@ tﬁjs tgxn%ﬁﬁpnéﬁgtgg sI o%) e ge‘é/%fo?ﬁn%tyof a

(see npl e 2
dig¢age. |dE$QIdéﬁ@3D0a(hﬁ0rafmdfqr lcgustrxg thmleducaom remissioh, ok exgndsiioe of

f QA e east
o e el B BB B Rona R0 e PR B
diserae Hlisngder of combtiq eThose dfrskithin twa asMwik be bivert ofSeitioge
m‘%%dcﬁb@%' dad %segalys \%:/in?:lgn1 Iofprpbe used to assess the development of a disease,

disorder or condition, and similarly, various methodologies and assays which can be

used te assess the reduction, rennssmn or regression of a disease, disorder or
condition.

- As used herein, “administering” refers to means for providing the human ES
cell preparation to an individual, using any suitable route, e.g., oral, sublingnal
-iniravenoﬁs, subcutaneous, franscutaneous, intramuscular, intracutaneous, intrathecal,
intra peritoneal, intra spleenic, intra hepatic, intra pancreatic, intra cardiac, epidural,

intraoccular, intracranial, inhalation, rectal, vaginal, and the like administration.
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Thus, the nethod descri bed above can further include
an additional step of culturing a single cell derived
fromthe human enbryonic stemcell |ine described 30
WwBa¥AokHisker the culturing conditions of thedﬁgﬁﬁﬁﬁﬁol 0
i nvention which are preferably xeno-free an evold o
feeder cells to thereby establish a single cel

derived ES culture. MD 2@@4/055155 PCT/1L2003/001030

25 h n cl oni knawn
thebfg‘%t O*?‘% %& % e’g?age‘f “U‘§"‘ml Egt gnﬁ%mgﬁdsﬁ% ésg N an
unfiffarentibted| p:epéi‘ﬁlﬁ!ﬁu.) Bievfoll(ﬁhﬂg pazial . oR 7éhnfplete Sdifftrentiation.

t hods tynicall [ ude selecting, roup of .cells
o St ity ko VFEBuRE it Pt Hiiibnfia i
celifit® t&mAGILe defdrtiRiarkd delly ARt RNSIf @@hﬁceﬂl@ |c§m§be initiated

i n_conditions which pronote.

separ.at el .
ﬂgqvv% PRereroth R updiffgrentiated E‘&Wél EP rrells iy H‘FSBFftsmée‘F“Ilmre
foﬁmfng enydidiotls PGEpREE IEgeéeus #lde0 lcEndidnk Bt ﬁmte

can be expanded into an line under suita
digfereptiptiph én 2 pamiarles Baaner. sSw&Jeconﬁr@om:é include rﬁetbétamugeor
daleSRents) %E%g
A oRt amer%gn s It q%;dr%égg ugkelges'?lfgr uman éecrh thg oxyeen
presseneaqpltenrg; the sibsieate egtin evlars swfecd 0 Thus, accordlng to

anot f t r

or OV{Ij eg’%@%@édtc% d(lfféil%ﬁ?{eg §’&%Hx ce lyga%ri) %\E}Izé i ﬁ%aﬁrlll% r}f(aeno $
digifrdere| |For ephmpiempatialin dif&remmeé ﬁ celtsgefl dreasligodendrocyte

ri in dm ist ri.ng ,hES, st em.cel
347 h B B30 Bl el At BT R R T i Gl SO
prb@ﬂﬁs\in ?ﬂfﬂal mBied. G‘Halbélﬂart[\hESl@hd% Ttﬁldjéfll%’? . S605P1)| seeisally
ep. o ce reparation u5|n
dl?ftﬁagtrféﬁﬂhﬁ% S%gﬂﬁn "g%§ S e Besen RAEGH A bR e 1
trealri @@ Lof Tibn@ Nank Nebirtylb U Adfedtd) (0BS cba@stehlm K720)) %ﬁnﬁeﬂﬁaﬂy
and/ or tissue regeneration" refers to treatlng

difipraniated By cdlsrof dg enigtheliab finsrsel raoberesed dr, gifin a@ewahon ofa

whedopbesi(0d. st Rer Ifis,418. nuscul ar di'sorder, a
car di ovascul ar_di sorder,’ an hemat ol ogi cal di sorder, a

ski An additnnde cell gepfaceraent Hiezpy.dbe ES selbilinenf the nresepiiayention
ceh Gl 'b% Qutifisdd to lp?%afeeaoélﬁ@ﬁ Ry Ay WU&‘:&EQ@(@@%%'CBNA

he phrase t1ng” rs toIn rtin
ﬁQIﬁ ifeederi ogls. thN@ew ereppehy stapdexd tedidques éromdihs BB ¢ells apd is

eI A oLy W} o) t&m'c A.Nend &glgg atlof §é BbiraQbd:

regression o sease, di'so con on I'n an
Withlmidﬂotidﬁilfmsmélﬁbwomg ﬁbnoblmts and athex galdssmfdmmirbd sptebificity, to

prgn!h%g §§lﬁ‘tragte§ Oﬁgﬁrhbr f'lméti)ers] Imc-)r\{v]xg ﬁ'ﬁhOf Skl Il in the

The ES cell lme of the present mvenhon can be used to screen for factors (such

as small molecule drugs, peptides, polynucleotides, and the like) or conditions (such as
culture conditions or manipulation) that affect the characteristics of stelﬁ cells. For
example, growth affecting substances, toxins or potential differentiation factors can be
tested by their addition to the culture medium. | '

Additional objects, advantages, and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the following
examples, which are not intended to be limiting. Additionally, each of the various

embodiments and aspects of the present invention as delineated hereinabove and as
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25 net hodol ogi es and assays which can be used to

assess the devel opnent of a disease, disorder or
condition, and simlarly, various nethodol ogi es and
Woadfsyls ch can be used to assess the redusiigbesnoiose
rem ssion or regression of a disease, disorder or
condition. As used herein, "adm nistering" refers to
means for providing the huféin ES 30 ceII preparation

dlddmad) ih Akl labhkA boctishs bBIgwa N dsS bl ggrt it tHe following
oral, sublingual intravenous, cuta

F ut aneous, i ntranuscul ar, |ntracutaneous

i ntrathecal , intra peri t oneal , intra spleenic, intra

hepatic, intra pancreatic, intra cardiac, epidural
i ntraoccul ar, intracrank¥HMALKESal ati on, recta

vagi iStration 004/ 55155

PCT/ %%Eoog‘?gsoﬁﬁéadgg %”%Oﬁ?‘amgcwlea%f fasaihpreyEh the

abei¢ deecriptionsnillostentetie aveition(ih a@on Hmmngrmbh{cfner e ntiated
artia or conpl e

re orfollmmn
8. f? 2{1245 %1’ FeIRand te @@W@v@m@w utilized

 inli the epxesmt ahﬁﬂhomt;ﬁclﬁmtrﬁd;ls&ﬁd dﬁ&cﬁbﬁ&aﬁ %?clroﬂldlé’@@ﬂ €and

fﬁ # O F$ er nal |y ifferentiated cel
PP, PRAY TeSHiigvess  Shitc é?ch@qlteanﬂrbéhi?rﬁ\lghﬂjateadmﬁedo;n the
likdrarel Sge, Ryedsainplt MSfotittibies: e&ﬁdbﬁiaﬁagy HER S2u6) k &

!?bap' ion culture formng e I es”or
“jpl @ﬁ @geefe?lp@celﬁ éeModesniar Bn@m"t\fmqasrldmmubel R M
edil(iﬁgﬂl)'eﬂﬁéuﬁél lePH,, '“@ éj? @E&bc%?r ﬁngﬁ%Qﬁar Big] g{r‘\"héohn Wiley and

condltlons may I'ncl u

Sers Prlimozs, N&arﬂmdﬂf)&ax RarbaloltA Egﬂbmtail Me&@Mmmafdlomng
ISRANGENA SobE NUVPER (1 RRESTHLS o O, HLELENG, TG soicnic

substrate oR the cuﬁ SUFe
Agrerighr BeeksnNiewt Botks Bamncal dls(ed@)n"(b@omblAﬂax}@{i AnLaborame

td G, L

M SR 90 2FS SR gt o aaLbi Kotk loosy
meihpdelggie an sbie fortedn IRS! me?te I;Tma( ﬁ‘g mp%ﬁgz ?are%kgrzlaﬁ { 5???}351
53 W 2002 el bRE Sohlprmerb i sUaiapen)
Cﬁhs,t.h Bl k4. (19:94; f"e:nmﬁ’e ofAaENAESenel hovigfual 3183&1&%915&@&‘- By
Ry hngesggq%ége ég a can be usgd In 15 treatnen

an %1 Qge Ydetl@ed)s Third, Edifion; Ngumrent6Rpotaet) in
Tneomchofgy ! iVbldn}és IdIIf(fcﬂffgﬁi‘WEt 88 (B d( o Sithtés &fal t@&’spa]?,asw an

Cﬁﬁfﬁgaﬁ'a' e can be use In reg f1on o

HORJPEt Ui (ition), Appletauod Ignge Uozmil; 011 @199 riMishein

anacsmlgi tedg psago@éaﬁmmh&eﬁﬁéw Eﬁ* € plerb1Gnd
to’ prepare a

& invention can also e Utl
Bkakly3Pe (2xeilablel mmmmmaemlsmmdes@w iA0the

pafdh@ﬁﬁcf RRAEHC GRlahde, s@g& é)ﬁngf ®Z§ . %Ssg ?sﬂd_tﬁﬁ% ,839,153;

t echni ques fromthe E

13,850,752; 3,850,578; 3,853,987; 3,867, S17; 3 879,262, 3,901,654; 3,935,074;
.3,984,533; 3,996,345; 4,034,074; 4,098,876: 4,879,219; 5,011,771 and 5,281,521;

"Oligonucleotide Synthesis" Gait, M. J., ed. (1984); “Nucleic Acid Hybridization"
Hames, B.D., and Higgins S. I, eds. (1985); "Iranscription and Translation” Hames,
B. D., and Higgins S. J., eds. (1984); "Animal Cell Culture” Freshney, R. L, ed.
(1986); "Immobilized Cells and Enzymes” IRL Press, (1986); "A Practical Guide to
Molecular Cloning” Perbal, B., (1 984) and "Methods in Enzymology” Vol. 1-317,
Academic Press; "PCR Protocols: A Guide To Methods And Applications”, Academic
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further reverse -transcribed to form cDNA. The cDNA
preparation can be subtracted- with nucleotides from
enbryonic fibroblasts and other cells of undesired
WDeGdsfoksikd Y, to produce a subtracted cDNA IBraso¥sdYose
techni ques known in the art. The ES cell line o t%e
present invention can be used to screen for factors
(such 25 as snall mol ecul® drugs, peptides,

PR&, BDIRO ¢ AeR00R Marking & hke-)str% &%&* Pfdté?l? ?uﬁﬁ%tan asd

cul ture conditions or mani pul atlo that aftect the

Charagterizetion st i &s bbosaterm c@qI@ Pianual" x&hle  Prgssowf1R96);
Rt GGl diddhas Wﬁﬁ?ﬁfaﬁm % '(ﬂ:ﬁ _o est eg.bﬁrloac » Robertson EJ,

differenti ati on tors can

eda (BT ) Qord JRELHHgessyf lMaJnIBﬂmﬁlﬂmMoﬁﬁ Eﬁdbmd’ll\btg&lA rﬂka} £24103)

f ure of t he, pr
32 Bty Y oY S S Ty AT BRARD, i 099
Pmatb Emtiryomnic sem @Hg. Gmpent Epaﬂmnmvdn@mﬁtal Bieldge 38 0193M1H5;

BHE B Y 20 R ERC B doilgist oo ppoe of

r&szﬂeembrymﬁc 0] censewmods Eﬂ/BJBIebﬂEk Bislogel $9)8 t180all of which
her ei nabqoye and as 2004/ 055155 PCT/ | L2003/ 001030

arg incoIpg virhterenee 35 1hfully seiforth bereie QYpreprraal references are

pre%RET ihrdighdth 1Y ROGeni. NTE robiuted Whdddn ﬁ@iﬁ@b&ﬁm be welil
EXAMPLES 5 Reference is now made to the foll ow ng

knowanyy) ©g, arlyand Are; prgaidad rfonythen canyeniengp pf ethel agasier. pt Alb ke
mfoldnatﬁnrcaﬁﬁmt:&l&efeﬂy@ﬂ{cb ratddl RredPBY defeldnbd, N9 fashion.

Ceneral ly, the nonencl ature used “herern and the

| aboratory procedures utilized in the present

i nvention include nol egyl j ochem cal ,

m cr obi ol ogi cal and reéconbi'mant DNA techni ques. Such
.Fﬁ&ﬂﬁﬂﬁﬁﬁﬁsiﬂuﬂﬂmﬁlﬁU@EB&EﬁﬁﬂﬂhﬁWERLEmﬂﬂmmﬂﬂBHIH}HUW%

| ot RRPA oI ST RER o M R 1S g, on

Pr oﬂhmtalnﬁs nel]l&’bdrm thasferBidab Cﬁ];){one&fﬁi bR@S cdltutd :&ysl‘&tﬁdﬁ&he
Curre t F;Jr ot oc

994 bel
PRI SRS PREBIB A SHRH S D ielareto Tgpia a foode cois
frdBpivell-tefined edoyhando BOS&M culligespal , " A Pr actical Guide
to 9 onji ng John Wley & Sons, New York
(19 te"#&?%% éf‘”‘ﬁ{““ZMeﬂ’é’éﬁnbl nant DNA", Scientific
15 MsedellCaliuio O gmaliB® ¥ kiliss 18, mq lvﬁl&lték%dﬁa-mdor 1.
GEnonedgg lysis: A Laborator Manual Series", Vol s.

Depivationgidspapianaens Agfepratiationef; Bumesnyenphryasic st pelly icAnat.

01@%13 g ta f h
20 2 gm%)‘]l gg@ fggzmoﬁson}‘q A, 19{ bt 5 ]!:".Lrgbljy{nrg%) sﬁ’:ﬁ{ cellVPSies

%ﬁomémmndéwocw@l Sricace A8Rabitsat 619w o:zqkured with
méﬁ@é B Sohic! Abroblasts (MEF) for 46, 39 and 25 passages, respectively, in a

culture medium consisting of 85 % Ko-DMEM, supplemented with 15 % serum

replacement (SR), 2 mM L-glutamine, 0.1 mM B-mercaptoethanol, 1 % non-essential
amino acid stock, and 4 ng/ml bFGF (all from Gibeo Invitrogen corporation products,
USA). ES cells were then transferred to bovine-derived fibronectin-covered plates
(50 ug/10 e, Biological Industries, Beth Haemek, Isracl) in the presence of 20 %
SR, 80 % culture medium and one of the following combinations of growth factors:
“T” - 0.12 ng/m! TGFp; (R&D Systems Inc. Minneapolis, MN, USA); “TF” - 0.12
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Cellis, J. E., ed. (1994); "Culture of Animal Cells -
A Manual of Basic Techni que" by 20 Fr eshney,
Wley-Liss, N Y. (1994), Third Edition; "Current

RohR@ediss i n | munol ogy" Vol umes I -111 Col i g&Ayrdhos/bo1030
ed. (1994); Stites et al. (eds), "Basic and dinical

| mmunol ogy" (8th Edition), Appl eton & Lange Nor wal Kk,
CT (1994); Mshell and SHF igi (eds), "Selected

%E.nmﬁgww@a «E;Elk)nﬁlbﬂ} '(GEH&Q@M&%%@ Ar%% 8&1@%@&9 “LF

(1980); avai noas ays are
- eh00B Y/} eleyketeis cinhibétdr | factoth éLIES @HEhﬂGONn dnismmamial f Inc.,

bl 5580 { B VEBRL - B, 1000w

LIF S 3, il bFGFS EXaHBAAL colls HER, sphtverd f9@ko @ﬁ@aysaasﬁ;éﬁ Bethi
68&‘36 isa 3,996, 345: 4, 034, 074; 4, 098,
olfagenage §Gipcy Javitsegsn sormgration produsty W%hf% B8 gnin gad

re%}létb&ﬁlsﬂa‘éks éatalinin }_%E'esﬂ meﬁQn ﬁ\&%%ﬁ)l to thleﬁle@zhﬁg $16Hobol, cells
Hybri di zatl on nes, B.-D., H ggi ns cf
Weffg%@ﬁﬂ idsRiFP g Wﬁaﬁeemgaa@tm aonsisting| ¢f9150 YBOMEO

%El?r@gdoﬁﬁ 2 g‘f%s%), ‘iO /6 ftdRan ge}lﬁ‘?i%‘glg}ﬁﬁbﬁim% gttonal, Inc.,

quub dr E‘rSz"A)n@ls 151 L smr @sé 8(( %%QaDMEMPKGmm-hwhtrogen

DQ%% o) ar Coning" Perbal, B., (1984) and
rQEon sOdluE@ n%/d | ogy" Vol. 1-317, Acadenic Press;

PCMMD@M&@SS&(&SMM@ST@HNBHMMMG AR ah dddteried Scope
gq%‘n 2004/ 05 003 001030 28 Press,
(Hgan 85 P f%’?ﬁt Cﬁg&& f’Paé‘ﬁ " Strat egi es for
Pr otmpanﬂw&taikmm* on and Characterizati on -

Lab Cour se CSHL. Press 99
Ter AT AU G RIASTS Beedosceli ey plbing sysiems - BS

ceIHB' ot itk 14D P6QRAA H-0 BRRE trhiRircEdo ﬁbl%ﬁecrﬁﬂo%&%a %fte@fﬂ the
| RL Press; "Manipul ating the Myuse Enbry Nagy
Pregence o semym @PWDSE%RP}@GPE# el splasjedErssh Frriors & detaaled

inEdbthb @ Herd APOBPON WhtnAhe chfbs BRltum Wassu #ﬂeﬁ‘%ﬁ?ed Wil

enbryonic_stemcells. Current Topics I el opnent
degedproih BE angshF Gis 6.F), mlﬂs;h%tmued profferatinakfnt sezferalvmsqges-

anfNRES Ritchtd Ao diRBQdnatibs Ol At o NGdn IR E Sp@FeC %6?1 was

primate enbryonic stem ce VEt hods in ecu
suwletln@g;d wBB TCiEﬁ alene Y cedlf rmmm atahe undifferepiital sagetfgsr

t f O h
b EUBb 058 B S PR R it (DSl Gt
Ot the omenh&dwbesu ES1aﬂﬁterma:Tﬁn bt hpyRehehied REhWEIHD, akdwruT
e_art and are provided for the convenience of the
(T gt & PR HaP o i T Bl sradinuadotocpmbfesic and

AR LA 1 S S ATy

However, while cells grown with the TF combination were split to a single plate

during each passage, cells grown with the TLF combination were split to 2-3 plates,

similarly to ES cells grown on MEF, demonstrating high proliferation rate in the.

presence of the TLF combination. Thus, the feeder cells-free culture system

~ supplemented with the TLF combination of growth factors was ablé to support normal

growth of hES cells, with a doubling time of at least 25 hours, similar to that of ES

cells grown on MEF.
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FREE MEDI UM ARE SUl TABLE FOR GROW NG ES CELL LI NES
Human ES cells were transferred to fibronectin-based
culture systens in the presence of serum repl acenment
dockos@)ssgied growh factors to provide a fegggy (E%&/bo‘iﬁso
free, well-defined environnent for ES cells cultu .
20 Materials and Experinental Methods ES cell cultures
- Human ES cell lines 1-6,3%-3 [Am t,

i £ BRI g or B8 Efae seq’ﬁeﬁﬁﬁmé%ﬁe Usirge sl
R30S -ZIEe &B@hé]ﬂ@ﬁﬂ)ﬂs&mﬂ ofiE9 dolbnfesReswn oh the fecder &llls—,free

0|c ste S eriv om human
gp"&%% afﬂ% %“’ml Oif%%fé’g’é‘}ef B MEF 5968
afiérivhiore ﬁlaffﬁﬂ g@s@z‘p (R 224 ddyey ﬁbémbﬁmh&f&&ﬁ witlPthe 40.F 288 53

and 23? assa respectively, cul ture nmedi um
PESHReH GP4TH 138 £ 1 580} he SEREN it e TF camping o v
R (ot KRRHAC eBMitidroR) day? fiiMsted lﬂiéﬁ@ﬂﬁ'sé’éﬁe ofd e ﬁ%nechn

[ 3- mercapt oét hanol, | % non-essential afino acid

fesderqells-Fprisyatemcpiiihe prreent inuemtion; kIS wllnuluen wnsisisd @ﬁ 85-90

9, f e
9601 BRRLLARCOR i oglil oL LIS SUROD i

Wp’ihéhee@ubmlgm af/hES celisdyerBpovmginddEF.| ndust ri es, Beth
o SR .80 %
ot hen HEkBinac BeAd G BhRRANCHR o eitriti g e sgls-

froé c@hmmj'stei’rawbmrmall and found Wit 2 high niclelthg Sstofl&bratio, a

t I I , A): "TE, -.0.12
343 genBeonted T 30 ratehend St shcech M ek
(Higuired IechGF (G bco I nvi trogen corporation products,

USA) ; " - 1000 u/m ukem a i nhi bitor factor
(LI FES TOHR e desis F dree gylgure systegtrsavg 4 swekal rate

STy to\tHah oAED @I grb;ﬁﬁﬁn AQEF —TESr'ES stragdel BRUelt grlb@nlodline
1000 u/nl LIF and 4 bFGF. Adherent cel s were

fegtlgr; qellyslras sjulmwsm L fcféy% uumengeaenwfnis % S8 sad 1Q %
DVEO. 2 IPRASEoZAAHRCRIE Wid ﬁ&ﬂ&nthﬁﬁ&? £{ecP Eﬁ%g WahiBited a
USA). for 30 mn and re-plated s cont ai ni ng

syryisalatgsimilanio taet 66ES pelly EQWF! %Weez i n g protocol,
cel | B Wafege f&ﬁéeﬁbﬂoﬂf&dtg lﬂ%}@ Et)ﬁ%sg’l:o%gnthg ST ctﬁr.liﬁﬁgdoﬂg of

sol ution consisting o
gwih GSiys are Guitableufon hES enlturey @HENCON combisstivat inferiad to the

| % %:.{0- DVEM
o SR g o, 5 0 Al R
&Weqdmeﬂgﬁcabulumsismmbﬂeﬁoqﬁblo@cweﬁeamami suevlval rate

d sco live cells), using phase
Slcogrlﬂa at(j?Jiéyrrpu apan) . )

EXAMPLE 2
FEEDER CELLS-FREE CULTURE SYSTEMS SUPPLEMENTED WITH XENO-
FREE MEDIUM SUPPORT THE GROWTH OF PHENOTYPICALLY
CONSISTENT ES CELLS
The phenotypic charactenstlcs of hES cells grown on feeder cells-free culture
systems supplemented with xeno-free medium were evaluated using cell surface

markers typical of undifferentiated cells.
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Experi mental Results Proliferation capacity of hES
cells in feeder cells free culture systens - ES 15
cells fromlines 1-3, 1-6 and H9 were transferred to
Wdoenmrsiss n- coated plates, in the presence Qv 88031030
repl acenent suppl enented with selected growh factors
as detailed in Methods herei nabove. Wien the culture
medi um was suppl enent ed witlh bFGF alone or with LIF
and : ed proliferation for
seve%@%gg{"g gggluhénr%en&sw tched to

di ff Kﬂﬂ?ﬂﬂ’?ﬁt@n@hﬂs I-nE8 detills | metaphabssnwiS elodked reinge dolcinid
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chibiossmies\Wivhd) p&iErdi2d , adebifdingNeh Riierfabeller) ﬁ)giﬁncﬁéﬂsl Giemsa,

ed to proliferate and nmaintained nornal
I“?“ég{)u Pﬁ%fyw#é% gt deast 20 gells ap1 yanemle ey evalyzed grdwvippasted

ablokding tidoweyer, while cells grown with the TF
combi nation were split to a single plate during each

pas sﬁ@'@"“%‘?‘#e’gﬁm -wiGells t perer L fixesondor na@ i auinwex ed %
pilohallithyds, 310 ¢ 151 with B 5 3 bhrrkef oo s8R PRSI cal

MVEF, dem)nstratln prol’l onr eint
Ilpiﬂétgeﬁnoﬁ';eﬂoﬂiatma Tllslﬁelﬁcmblmatblataﬁ fofl lowanight et ﬂe‘iﬂieﬂith 1:50

BT RLEFEAL SeRAoaREt Blloshal o6t fne il pharw. Tha

: sn onomd: aBPhagnavitibofic)) Eﬁoﬁ&é& By PR P An@lowb ke OniviiRy Q,ff

t mlar to that of ES cell r own
SRS BT 00l s 48 ek R A duisg incyed with 1100
dimoah of DgikeR hnﬂ-ﬁﬁﬁéérl?@ aﬂﬁb@%%@hﬁ&t&ﬁt@tﬂéﬂﬂ&% t&:rﬂlé‘.cys

eeder cells free culture stens - The norphol ogi ca
e Ricgtationgl.c Spprulas Cdy ol\h%‘\bn Gelle W@e désalizet! | unden ew
m&&ﬁuﬂlﬁ)rés)ééﬂ Woﬁ/EF—'@ tzwu@m%mf 5 &gz:‘ﬁcrggcoﬁes

col oni es grown even after
%aé@é&égm?%%ﬁez@mdmyﬂsnm& suppl enent ed vvlth t he
TLF abfrindnial RAR ﬁ@ges (nore than 212 days) when
suppl enmented with the TF conbi nation of growth

f act&peneetonbasedfopder celts-fremliulivonsysains dqulérmutedsmﬂc&no—

rw‘éhﬁurg fi C der. cel |l s-

system 2’? E # p&é%gn c: g{lg,%ﬁ ‘Ioﬁs ’Stﬁ'gSE arpqape an ehe e§3 eder-
bttserﬁ girgtoeads o—f Kaﬁrog@e mabms uwds frfeeformmedi ai €iZSC eklls Midwing

NGy f 30 5 [ nsi ent

gttt NP o 2 FEnpitiRsca Beeier (ISR b s
supplehetnd with werth- Mmﬁeixgémmg@bfybs atdlya, wﬁa&r&aloh%n
mgé ge\fagra%ncuitgr%s frgp?gsgﬁhn%et{mle g;rt_n medjum conditions, TF and TLF, and the
three hES cell lines (I-3, I-6 and H-9) at different stages from I6 to 32 passages on the
feeder cells-free culture system. This analysis revealed normal karyotypes in 136 cells

out of 140 cells examined at passage 30 when cultured on the TF medium and at

passage 32 when cultured on the TLF medium. In four cells of the same group, an
abnormal karyotype of 47, XXX was found. These four cells, cﬁltured for almost one
year, were at passage 71-post derivation of which 20 passages were on the feeder
cells-free culture system supplemented with TLF. As is previously reported [Amit, M.

et al. ‘Clonally derived human embryonic stem cell lines maintain pluripotency and
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free culture systemwere small and round with a high
nucl eus to cytoplasmratio, a notable presence of one
to three nucleoli and typical spacing between the

wel Jogs/0s€1ks gures la-d). ES cells grown on a fﬁ@fjﬁammmom
cells free.culture system have a survival rate

simlar to that of ES cells grown on MEF - For ES
storage, ES cells grown ornf?the feeder cells-free

TR e e
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Wil :r:tehwm (e ditkaid apiels'ss e@g@fdﬁtccﬁl?rfabé'l Bzaﬁ'lk‘e&?ier[nQﬁliérStofﬂlﬂ%d T

cu ure..s tem te 0Ol Ogl Ca eat ures an

clsrige (5 ahplity @H‘? ?’hmnec ﬂ?%{e cpls-fren pltugh BRISIS o

n:MﬁEun AKX APIRIE o2 hinEEDES okl e RRE B efblnddda ﬁﬁ@ﬁcens
Wégpp ENE. J\ITED WTHXEI\IO FREE MEDI UM SUPPORT THE GROWK

TPEResamprkerantthofies SrplodipgERR 40tG05 SSTAE, TRA-1- 81
SOBEN MY SRIA 1€ NAJIRGARY 175443 p%sa%g%: EahtS sg%@%en%h “élth the

feeder cells-free culture stens su
Tﬁnaﬂ% ThErmovihelacintsd regpaciiveln the amuan &4, BélEﬁgceﬂeldlemonsﬁated

R GRon LB s ISP fomt bl R T Efipte funol?

TeE@b@‘ b a(ITRHB-t lh@;l smKdI"ISm-tlyﬁje (Figabsy $é-B).- ThEseC flatkers are

HEEREBHRREHNET B MnafkGRuHE) 08 S8sCFifomet 1A RN g

Eabxyomucstmrceu mmma frdh ehubigs Efdlastodyas) m(@@& QB2:C1145-7;

_]-€0|s{{1)tglr At FSﬁg %%lgﬁpcﬁ%ﬁn@ﬁmfr ot og cemmon marmoset

{Qiiiitierire jaaﬂm)ebladt&@&&; Biol kﬂ@ﬁ@ﬂrﬂg 054-9ChRGHATE QBB Bt ma§1995)
Is Wd cor to rTHB facturer's i nstruct | ONn

ol  BROTYOS $1opK G} g dirocsia Agad SoiIAPTJBHE)
NStavaJ mema&@e sRailfiy Zebrfe faﬁﬁ%ﬂ ?d(SSEQQPrvG’dsn&LI# %Mé?ately

n}mnohl st ochem shy I's were” fixed
exmeﬁsefl whilepgxpression of the stage-speclﬁc embryonic antigen 1 (SSEAI) a
unique marker of mouse ES cells, was not detected (data not shown).

- These results demonsirate that the feeder cells-free culture systems

supplemented with TF or TLF growth factors are able to maintain human ES cells in

an undifferentiated state even after prolonged culturing periods.

EXAMPLE 3

FEEDER CELLS-FREE CULTURE SYSTEMS SUPPLEMENTED WITH XENO-

FREE MEDIUM SUPPORT THE GROWTH OF FUNCTIONAL ES CELLS
- Human ES cells grown on the fibronectin-based feeder cells-free culture
systems supplemented with serum replacement and xeno-free growth factors were

tested for their capacity to form embryoid bodies in vitro and teratomas in vivo.
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10 par af or mal dehyde, bl ocked for 15 mn in 2 % nornal
goat serumin PBS (Biological Industries, Beth
Haermek, Israel) and incubated for overnight at 4 C

Wotzbmksﬁ@s di lutions of SSEAl, SSEA3, SSEA4 ghibiobSRide
bank, lowa, USA), TRA-60, TRA- 81 nopuse anti-human

ant i bod| es, provided by Prof. P Andrews the University
of Sheffiel d, England. Cefls were then washed in PBS

and wﬁéﬂ?&"d%g’?‘%ﬁ@}gﬁ{ﬁg‘é 100 15 dilutions of

Donkey ant | di es conjugated to the
f | uoForwmtiomef @ylzryazd bp@ee (BRSD froknkbtOES oslls] - Hube:meRS iéedls

S Li zed und

e ok e s Gpled (b Bl oSt o MO Vil plae
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r rasnire, eriment a esu S
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aginp f;:lcisirmd(e Aot hﬂmﬁd mﬁuteaenﬂgxgérb yihasedli ﬁum Gikasé l}mitmgen '
ana carried_gut on sep te cultures,
o Beip DSy dopatiop shERR s S el footiag | Arleysjngrmension.
and Téeroniah\1forndion -083 tellk wreSdravkn Fomls @orﬂl&gnt Kk 1@5 six-
Fag ?q%t %gg(?s from6 to 32 passages on the feeder
WER P e iees wirsted dntothe Teap lpgi prascle ofedr@aeieeld male
SOW-Bake Kb/ QUMRRS Terlsaledd 1&@&} s R&ME dgfter%ga& ek fixed in

exanmi ned at passage 30 when culture he TF nmedi um
foxmaidehyde andowerg examsinegisiologirallys atdeashl 2 weskspast-indettiom | n

f 'a L l

kg?;%?g}ﬁjés%f"gé f;";}’gx@ :vvasgé oun Iﬁfl]'r@gmeﬁ@%: cells‘lﬂated from
eighgr wﬂ% exftigted dumas EScels gipwaron the feedeatoelrafseamlini sygons
fcﬁi qr712\5 -ak-% O r #6 GB 29 RPESA texv%rr ?‘egg CEIF ?ﬁﬁde  feedeg

free culture sytems erren
cq!iﬁé&eﬂ mqsfﬂlyonsepmg dui-ReAgert . klMSIglﬂh-AdﬂnchGL‘mpal StyL@lm“ iMe

R e v R S b S
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000 chronpsonmal .instability may occur
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Table 1: PCR primers and conditions

Gene product Reacth
(A fori SEQ ID NO: . Sepy eaction .
[2 ”:;e.;::;n (] 13 Fortward (F) a.rzd reverse (R) primers (5°—3%) Condition o Size (bp)
' | SEQIDNO:1 | F- GAGAACAATGAGAACCTTCAGGA {30 " oyles,
Oct4(S81235) | SEQDNO:2 | R: TTCTGGOGCCGGTTACAGAACCA anacaling at 60 °C, | 219
‘ in 1.5 mM MeCl,
Albuoin | SEQIDNO:3 | F: TGCTTGAATGTGCTGATGACAGGG 35 . oyeles,
(AF542069) | SEQIDNO:4 | R: AAGGCAAGTCAGCAGCCATCICAT ] ﬁ“}"‘;‘;‘fda&fgggh@ 302
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W th xeno-free nedi um express enbryoni c surface

markers - In order to further characterize the
ability of the fibronectin-based feeder cells-free

ol dobiRssystens to nmaintain normal growh Cﬁcff:ﬁfﬁﬁﬂoo’%ﬁo
cells, IHC was perfornmed on human ES cells wt
enbryoni ¢ surface marker anti bodi es i ncl uding

TRA- 1- 60, SSEA4, TRA-1-81,3410 SSEA3 and SSEAL.

Follow na.l1Z—_and .28 naccanac [} Pulfurac cnnnlannnfad
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der L ved from human_bl ast ocysts. Sci ence 289*™¥Mefls_ 7
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m%@d Sf%ﬁg:v&)HMAmmmccc( Cal I'i t hri x| FEERHESY | *°

] Al DNDoanrad -LE. 26 A4.Q: Thoanelon 1A at

h P
btast UCyOLO gt CPTot—39 XI5, M eABRR—IA—Et—ar—

f-88b) . | SEQ BYL:aX || EMTOIGCEACRICATITCFAGNTTAGIINEAC GEE
M 0 SRR NS ) E&Wﬁm | o

the Stage-Specific enbryoni ¢ anti gen 3 ( SSEA3) Was
only noderately 20 expressed while expression of the
st agBxrepierentd Besir yoni ¢ antigen | (SSEAI), a unique

k .

Choviy <Els Eobafegsty s Eniath fud Db liE S a8 iy 2L Bl in

vigke, fellowingethein remvel frymt téerfeequyﬂ#-ﬁne mlwe wstdmsT—FTco verify
th-le-alrﬁmgé‘noﬁg %ﬂ% ?lgllr;ug alib%%r?e%{u‘ie P 3t eveeheqtc ;Is ﬁ-ee el e 5 stéégsl alu‘

In an undi en a
functionallyngs welt ias)@heno%lcEﬂy\lbﬁﬂsEte&t IEEEDE&aﬁE.S_SeIEREEved by

L TUR SYST VENTED W T RE DI U
SR FROE R EHUSFORCTRONG] T8 e crlvie

fallisg g2 omoqmsstages fo WLPN@atIsnphapedid gvderd well gmfvﬁe@

culture sys} e syppl e ted wi.th_ser r epl acenent

ERin o1 P S Bt FELB BT STyl toget G5B SRbids dhose

cﬁ:&ﬂ@ﬂ@bﬂEﬁ deBs Erewio8MEFO(FibRialy. The Rinkhich f the isolated
eratomas in vivag. W 2004/055155 PCT/ | L20Q0 /001030

vigs fihes festst 4y EREASIRYRESYS SRbTHeRG csthmarkerso ol furth
sl@:maf mqugmbmh ﬁ%ﬁs&&ﬁes{eﬂ% hansgesine Atulin wiibR rﬁcﬁ$an

cell rown_on the feeder cells-free culture systens
eqtpdcamplontisibdhy Fpath HEISSIoyRetiR apd #heeCD-31 marker of mosodermal

origin.

ES-consistent gene expression within the EBs was further verified using RT-
PCR. Within the EBs stem cells differentiated into representative cells of the three
embryonic germ layers Z.e., mesoderm, endoderm and ectoderm. As shown in Figure
3, while undifferentiated célls grdwn on feeder cells-free culture systems
supplemented with TLF or TF expressed high levels of Cct 4 (Figure 3), a marker for
pluripotent embryonic stem and germ cells [Pesce M, and Scholer. HR. Oct-4:
gatekeeper in the beginnings of mammalian development (2001). Stem Cells 19: 271-
8], cells harvested from 14-day-old EBs expressed genes, which are associated with
cellular differentiation including neurofilament (NF-68 kD) which is related with

embryonal ectoderm, o-cardiac actin which is associated with embryonal mesoderm,
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(40-60 cnR) culture by Type 1V Col |l agenase (1 ng/m)
and were further dissociated 5 into small clanps using
1000 | G lson pipette tips. Thereafter, dissociated

W0 hdoipase cultured in 58 mm Petri dishes ( L 965/001030
Germany) in a nedium consisting of 80 % Ko-

suppl enmented with 20 % fetal bovine serum defined
(FBSd, HyCd one, Uah, USAf, 1 nML-glutamne, 0.1 m\/l

- { % t
ST LU R I
Tha dinidHed 0k 9@ esl;ﬁn‘ﬁ?EB@ Ezﬁ‘iﬂl&r’was \dShhistér Wi iprR o repb RS

was exam ned foll ow n S 1 n suspension.

- ofrdimipighed Oct 6%@53% fol etentigtiog off ﬁ‘émﬁtefﬂr‘tﬂ# & somatic

6B (48 SthsoleIA, 31 b (Bo8). ﬁnb\%'rdc énr’i“izgi gtﬁ’éé &E@‘ﬁ g&ﬂ 0 ARG

Infected into the rear” | eg nus
bigetpaystyebaencni28a: (1487, Rabidef Mabém‘h (2000 EmbrReiudien el

1ih& Rn? %ﬁ‘ﬁ’.@{ O obisfs® g?ljrx{/}:{c 51?56%3% g:? %rg %ztr%n %a\fveﬁ'gtechnol 18:

exam nea gl ca
39004M] djsclotve qmeﬁdaﬁly%pcat@eelﬂm&amc[ﬂclpﬂéaﬁ I(/IRbf alc Okiffdot df

L B Rl e RE ot Ut o bopan Bl Proc
Netb|Alcsd Beic@SA W7t WT3O7sI2SRe00); Afney M. %t b, Pasanieder dyefs' fom
e Eputc SR L JPRGL §5; TR0 ooy Renal T B al

Hinbbkg RRbAodlicl &6m QRIP can @fféféﬂﬂﬂaﬁaa mM)mKoH%) witR G&@étdial Gnd

to the manuf acturer's protocol synt hesi s was

getiong), weBeTifs slocerdimyesyisr. Rlaleves H% 40iAG2ANANES ool
offthrENRSR HAvdTbdmsS d é’e%f%gacggiﬁn@ -differdRiGP nhldé’é’d' sddRf Ve the

according to manufacturer™s instructions.” PCR priners
celirpecifie geondsp ke afrdinin end cavandiae scin, bmie ialso Teasbfeesed in the

tians L.ncl an initial,
Str aéﬂgl %g%fgt ur a%t;tg?}pr]g Semai%ven% féé%ur%ﬁ 94 C. PCR
pr odihet,ghese reuls demonbtrabe thhidnadas ESuiln gro@nYnabpfeedee cgBH

| [ 25 Tabl 1:
£ e B SRt Pt pateble oL PTG P Bs with cels
thgma\diﬂgreﬁﬁtecﬂbdhdﬂbieﬁﬁ%n%ﬁi) liiNagder S (5 d ) Condi den
i z nupber nditio
mei'ﬁéﬂ&zré&c%&&%@‘f eséew%!*gge C%fulqusﬁmms@@
ethWyonid Qerd layerd Wi m&mﬁ%ﬁﬁﬁ% %ﬁ%ﬂtﬁ@fe@&er Bélis-

C, 219 inl1.5 mM1, A bumn SEQ I
ffﬂee‘dz’i%@( BRTREpseRdnyssn &9, sypport (ﬂm&’me%hoae@hnw

E%%Ils%htmm%%%%ﬁ%ﬁeﬂgd WritQGhoftta BRnA6n in
vivo. Following injection to SCID Beige mice, the I-3 and I-6 cells cultured in TLF

for 26 and 19 passages, respectively, were able to form teratomas. FEach teratoma '
contained representative tissues of the three embryonic germ layers, including
myelinated nerve of ectodermal origin (Figure 4a), details of hyaline cartilage which is
of mesodermal origin (Figure 4b) and secretory epithelum rich in goblet cells which is
related with an endoderm (Figure 4c¢).

In conclusion, human ES cells grown on the feeder cells-free culture systems
of the present invention were thus functionally indistinct from cells grown on feeder-
based cultures. Following differentiation, ES cells expressed genes associated with all

three embryonal germ layers, in vitro, and formed feratomas in vive, consisting of
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in 1.5 nM MgC6 WO 2004/ 055155 PCT/JL2003/ 001030 34
a-fetoprotein SEQID NO 5 F:

GCTGGATTGTCTGCAGGATGGGEGAA 30 cycel, (BC027881) SEQ ID
WQ 2061/085159 CCCCTGAAGAAAATTGGTTAAAAT anneal | NGty Si83/60%030
216 in 1.5 mM MBO, NF-68KD SEQ ID NGO 7 F:
GAGTGAAATGGECACGATACCTA 30 cycles, (AY156690) SEQ

IDNO 8 R TITccr TCCTTCTrBACCrr C annealing at 60 C,

b artehe oo, Bt Ch-8 ot " s s debsti e

PN®colsDthR Gmwwmoﬁ onedhddngrdl-débined xeno-

ﬁ%%%ﬂ?{{ﬁ WRec or S ID NO 11 F:
é‘?‘@%‘l\é%fé%%m %10) SEQ I D NO

12 fi CCATGTATTTACATTGGC anneal ing at 61 C, 459 in
1.5 mMMMgCl 2 P - Actin SE!ESID NO 13 F:
ATCTGGECACCACACCTTCTA 35 cycles, (NM
mmwrﬁmv@ﬁm FEEDER CELLS-FREE CULTUR SYSTIEMS ARE
ﬁ CCTGATCCACATCTGC anneal i n 62

?A"-flrﬁ F g&ﬁ#@g@v G ERENOTRHEARLIRE QSIS EEUMIN ES
spont aneously differenti %Fﬁ[gnt o enbryonic germ | ayer
cell types in vitro, followng their renmoval fromthe
f eeddice ap |a§1ma&é@e cuvironmesnt js trmiel forTanyyfshiré wlinisal tusatof

Ceﬁigg ﬁée CEbbid 19%&';&% 8. qli &ﬁ? ﬁ%@%ﬂl&m ﬁ%%%% véa%%g {idigped

) _ Pirdosystaens are Tunctt ona
using bmwoq@nat@a ﬁlgromcnn s b ematrixior bulturing mEESeltse hﬂclsxcno-free

jV rotocols, the ES cells were
#&/eg%d?g ?e]n%egr thgecq%gl | s-free cul tures
.foIE:qwrmnﬂ:ZRteﬂdﬂO passages in TLF and 28 passages in
As a result,

TF agg \gfere rovvn '8? Hgﬂfeny on.

cel | 3N thalFedensielsiTae SBie YstemsSyPRaTtihE grovthy of ’F\‘B%‘E’ 5§
callseatTed clye EaSc@ﬁblleﬁz e RNwMEGSHidelt! G rSifnet@ 160 hEJ hell
functjonality of the isolated EBs was further tested

Cjfpres; - 54 ‘ehrenesiip wotsrsed avfepdargelischics culigrejsystems.
Tﬁélétﬂlﬁl&{mecﬁﬂﬁ%blﬁdéd by 8 acfieht (158 sEpMLRIRE %ﬁﬁﬁ‘e T, LF,

neut speci fic tubulin which'is froman ectoderma

Thr nT % Hgowtho dadiermeerebigations i #5 aeerribed wer3 Materieke rand
ERberRBQAH M4MRds 19 TxBhfle 1 hereinabove. Both human plasma fibronectin

(Fibronectin from human plasma, Sigma,. St. Louis, MO, USA) and cellular
fibronectin (Fibronectin cellular from human foreskin fibroblast, Sigma, St. Louis,
MO, USA) were found to support the undifferentiated growth the hES cells for at least
38 passages (approximately 110 doublings) in the presence qf both the TF and TLF

growth factors combinations. In addition, on day four since passage on the fibronectin
feeder cells-free system of the present invention, hES cell cultures consisted of 85-90
% of undifferentiated cells with a doubling time of 30-35 hours, which is consistent

~ - with the doubling time of hES cells were grown on MEF, demonstrating the capacity

30

of these xeno-free culture systems to propagate normal growth of hES cells.
These results demonstrate the capacity of human-originated fibronectin
supplemented with xeno-fiee culture system to support the growth of long-lasting,

proliferative and undifferentiated human ES cell cultures.
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15 ES-consistent gene expression within the EBs was
further verified using RT- PCR Wthin the EBs stem
cells differentiated into representative cells of the
WoreR0sQ8Pryonic germlayers i.e., nesoder mp@igomshiihso
and ectoderm As shown in Figure 3, while

undi fferentiated cells grown on feeder cells-free
culture systens suppl enered with TLF or TF expressed
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devel opne 01 emCells 19:. 27
reer BT gt RlTR STRERY 7 G115 2000 o5 20 THeRS TSt e, el
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dlfferen iati e%?altt%ijlng nerofllament (NF-6
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2004/ 055155 P L2003/ 001030 35 and a-f et oprot ei n

tyRifal SRAPIERSWessthe esfls VFigeres Beichg i ndi cators of
-enmbrjopaltios nﬂﬁﬁ&r BY cellSrofhhin § E’rﬁ)dﬁ'cgs fecde LS 8RS Afture

in EBs san‘p es was consi stent prévi ous reports
systemgwere fuad éghave nomnab kyelyes fgﬁomg B pissgges (not shown).

1SS 5 00, S PEARALET) L 5 by 1

pasedges o1 mewnplefe xomefrée, dendbrurtiniite Hstamt axpyesded all $haxa¢:tem~st1c

oo o BN oG a0 Supat BER) s B B0,

di f f'ﬁme,rthesatresnhs ddEmMistrﬁte thd‘&&bamtﬁio@ﬂﬁ(?d%ﬁ@lete i&o free feeder

‘%‘%‘f g#’r have 5 evi Céi: orted eI

STTE S TrRY tovtpReTt gheno POIEF‘ engs; Jpe F%aé‘%t@P’élg

hightyt gi6lifdiati{e calfirbsa it NndnalC fld &alﬂ@ Eraﬂm éng@ﬁngEﬁu
cells.. Proc Natl Acad Sci USA 97: -12 (2000)

tyRigpl embgyonie suface mgrkers f eeder Iayers for 10 human

enbryfeid Gestlis fefelbrb SsugfisP the FRPEOHe :@ﬁo—-ﬁ%@SQeeaéﬁ@e]ls-ﬁee
1132003) Kehat, |I. Et a Human enbryoni c stem cel

wisterns ol the atesent dmvsniigno &y tdsgivation Hind tonliening: of h@m@ ES
cdigncti onal properties of cardi omyocytes. J Cin Invest
108: 407-14 (2001)] ES cell cultures m ght have sone
degree of background differentiation. |Indeed, sone of
the cell-specific genmy aI bum n and a-cardi ac
actin, were also expressed in fhe 15 undifferenti ated
HEBAN\BSSCBEL GROVEN €8¢ dt COMPERTE RENG-RRER FEBDERICRLLS-

?Eﬁee emﬂgﬁ?ree %ﬁ%@%ﬁgﬁm@%&\ﬁlﬁon

[ nveanlRtﬁEl ESECEI&&&GRQWGNGWERQCWMEWETEE& with

ceII e differentiated to ar.i ou omat j

| | neages u%ng%@ AR R ?‘agﬁﬁtl“ﬁﬂegtlf‘% e \é%f}%rrc ilé% %8
systeinb sopplémenssl dith fseruan tdphicementad xeno-free growth factors were
tested for their capacity to form embryoid bodies in vitro. '

ES cells spontaneously differentiate into embryonic germ layer cell types in

. vitro, following their remaoval from the feeder cells-free-culture systems - To verify

that human ES cells cultured on a xeno-free, feeder cells-free culture systems are
functionally, as well as phenotypzca.lly consistent with human ES cells derived by

feeder-based protocols the ES ceIls were removed from the feeder cells-free cultures

following 17 and 16 passages on the human cellular - and human plasma - fibronectin
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20 enbryonic germlayers in vivo - To further
substantiate the ability of the feeder cells- free
culture systens of the present invention to support
Wwoeodhbfisy entiation of human ES cel |'s into gubr%eidiose
germlayers, ES cells were tested for teratonma
formation in vivo. Followng injection to SCI D Beige
mce, the 1-3 and 1-6 cel |38 cultured in TLF for 26

el SoBBRORYCRs pEPRR IS S dimeimheis o SuERbmip o
tltosesa'emaib;fES &lls gfoveenVIBFy/(@iufes 86N | ayers, including

ated nerve of ectodermal origin_ (Figure 4a),
det #? -GOTSISteRt, BFne FEPRESHIqn Wihe thinkRnWassfurther vesified) aing RT-

PORI OWRhifthe) BBE stbh) oAb di FRESHAL info %‘éiﬂrés@:ﬁéﬁx}émeﬁé 6P the"hree

goblet cells which is related wth an endoderm

cRRYERIF geme Yayerp i e.c mgradean. spdodaamensd Emdean. 4s ghawningigure
7t BRid ﬁrﬁﬁiﬁérexﬁf%{édsccﬂ e U*tkbﬁ? oY S P ° lﬁoﬁ'&f R o stems

present I nvention unctional Ty 1ndistin
tsmented with T§FowT Fopressed bigh lyals ol Octt and I5F. redépﬂor (ﬁgung

7&0@]%3%&?{%%&?%0%14— &ﬁlﬂ e?téx’% %{I;g g\%ﬂi%ﬁ a%s (?(:I}a"i‘ééiﬁ ith

hree e yona er’s,
Otﬂlulatreﬁfﬁtrartammrmcludmgv nmmoﬁlmnm |(BFF+t?rSgkID)‘ ukh@hZE Oéla@d 541D

200 /001030, 36.ti s e arising fromall thre
8&’}8 o, gecarfiae actingy fickids aispsted with embpionplanssodsm,
aIRT QFQ6Rbt8in ahd ﬂb&ﬂkﬂ%ﬁ?oﬁ%’lﬁé%g%d&a@ﬁﬁs Bf &5 98nal endoderm,

i nvention contai ned a well -defi'ned, xeno- free culture
medi Ths stipseaiosudts fdsmopstraisayatthivegn rﬁSn@ﬂis E®webh she ®mplete

St e BRI Bty S

fugciNSRITBENGE ¢4t ES&%hse&oﬂmmumb lifeages.
environnent is crucial for any future clinical use of
10 human ES cells, a conplete xeno-free, feeder
cells-free cul ture syseExAMBHE 6level oped using

SREPRR AL SIRED (i RORESYSnls STty Roabat tro e’
gel l's f{ﬁ cul tﬂFROENZtems&)F orjt?FJfEhe roi\/\fﬁqgf hum(;L
ES 15 cells - cPeMPéXPéVIQSJ@ﬁ%F@%Sam ?ral -free
vel | ToitthéreflaRbiétizOomeBifacityOss tﬁ@ﬁe&&'&ﬂs—ﬁé@ &iMuRSsystems to
human- grl gi nat ed fibronectin were used as feeder

Propagaie. hpman ephrypoie Sieat glls therigsowth) raig eaﬂﬁeéleu fraction  of

uﬂdﬁrﬁﬂﬁﬁd%ﬂ%ﬂﬁ RleRC 8B Hindi 1 78S SHURPLKITE VLSS Wditbring
conditions. '

4

Feeder cells-free culture systems maintain normal growth rates and high
percentages of undifferentiated human ES cells similar to feeder-based culture
systems — To determine the capacity of the feeder cells-free culture systems of the
present invention to support hES growth, the growth rate and the fraction of
undifferentiated stem cells were determined in the feeder cells-free culture systems.

~ As is shown in figures 8a-c, when hES cells were cultured on a bovine-derived

fibronectin matrix in the presence of the TLF combination of growth factors, the
growth rates of the I-3 (Figure 8a, pink curve), the I-6 (Figure 8b, pink curve) and the
H-9 (Figure 8¢, pink curve) hES cell liries were similar to that of hES cells cultured on
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TF and TLF growth factor conbi nati ons as descri bed
under Materials and Experinental Methods in Exanple 1

~ herei nabove. Both human plasma fibronectin 20

Wwhi2bbs@rqes in from human plasnma, Sigm,. St. L 500300030
USA) and cellular fibronectin (Fibronectin cellular

fromhuman foreskin fibroblast, Sigma, St. Louis, M)
USA) were found to support3?9the undifferentiated growth

MERS: oS0 g et HES et R atse I o 6 RS TR RN
m@tivih lihd edefteSof QAR AL icOBBinatidh ﬁ?&%q&m@,%a witOtdtes
5 feeder cells-free

o R 8 PPy s Be AP s Ghgure b g e riey pasche T
9 gpoag&le & QtbhPHlus 5111"9% 6]_13?543@];]] 1HENEE SHANRE IALRD RS loaidMnithred

ubling tinme of ours, which is consistent -

O iMEFS: hEnde 9then gand, yéheartheseSelle wese gifugedypio Rpvierdewived
| i Y= |

A R LT B Sy R S B

rages of ithesl-3 Gignre Ba,dlask chiye); yeale (Bigwe Shyubtenk-qurve)) ambithe di-9

gt BENA ) o RR BB Wl (S Bareh R S ines
cybtucddi dneMEiFs.v 8has) dheUodidel fhrentiia ratixhsupplembeded efith the TLF

- l. - WO 04/ 055155 _PCT/ 2003/ 001030 7 H N
oAb HloR S i e, B Htman (BB A BARE pREmEl it

oily SHeeTH cafilinatiol &f @iomth ERtdry suppoit thiglosidstbahhieréwarie St
h%il | s %{ig%vmctﬁn bavi ge-ggrl ved fibronectin feeder
fqlls s todhttepigved pu - Cells grown for 22 :
Pas SH@Man B8 RUSBRLSE! dhifedder cbitfiPH BfkirD systbhls\W Bntain high
systens supplenmented with serumrepl acerent and the TF

Pegrertass B madilsrantipted selfed Tanfudhen direrctsnes diccerpedty of the
FeBR RB- 26 sysfemis ! the piBinf iRk dn ﬁ;ﬁkr%agg&@ GnditenPatéd hE

hi gh nucl eus to cytoplasmratio, bl e presence o
ceflimes, dha fircionypfondiferentipiell celly plersadetespined fdlobistgnk 6rand Ao
daé@ lid Suibdzd.g WsGS 5 'd:ﬂn' ﬁ%uge g&i ddvﬁé S F&W&l‘g%&?éd 3n either

rown on a xeno-free, Teeder caIe: rée culture
hugast ervbovaneddrivad dibtoediaveatricss im thekmeseoteygfthé 6F| cowhen§LE

o BRFSEE e RE a HR B 31 e 25 (1200 L b

ungibsegekd everafoBonipk ek daysan oulture eQOn fleedes hasl Wwhed KRSEcells

ressed..all characteristic enfryonic.surfac
W AR e BB BRprSee o S Licaiuid
cofibifation dhpowit fetess, the patcetaghs WP nRadiffaleatiditiecalla pas 71-85 04

TR AR BoneCE o T e P B

THR)j thesd rdsolgs debfondirgd hat Ak Fdeli@r adils ke GltbripeSysiinks bf the
nor mal and s{_ablg kar yot ype and_expressi nPg al 'l

present invention utilizing fibronectin matrices and the TF or TLF growth factors are

capable of maintaining a high fracton of undifferentiated cells, similar to that

achieved under MEFs.




10

15

20

- 25

30

typi cal enbryonic surface markers. These results

t heref ore suggest the use of the xeno-free, feeder

cells-free culture systens of the present invention
ixation and culturing of human ES

B RE S AN BS L GROIN ON A COVPLETEGIJQ%"I%—%@@”

FEEDER CELLS- FREE CULTURE SYSTEMS ARE FUNCTI ONALLY

I NDI STI NGUI SHABLE FROM ES0CELLS GROAN ON OTHER

CULTURE SYSTEMS 25 Human ES ceIIs grown on human

fi bronectin-based feed&X4dEFEE7free culture systens

THIDPLEEND 28 COMBIRITIONS OF GRA DY E@C@oﬁsm SBEr4BLE
grow h factors were tested for their pac:ltgtoform

enb¥ YBIMARGEHDINGHES CELES QX608 HH&FEEBEB

differentiate into epy¢eid 6y | ayer cell types in
vitro, following their renova romthe feeder cells

f r eeTefurtherrsabstaniipterthe G&Pmtywéﬂlef'@LF 380 Thhatmbinations GESrowth
fa%ﬁ‘)H t% Hélgﬁigrﬁdoﬂ?egl f@ed?ﬁﬁe%; ﬁ[eg %ﬁtergg da%dltlglilalll lnic’atxgcre? fave been

ture systens are C
uwﬂenotypl cally consistent with hurmn ES ceI I s derived
rotocols the ES cells were renoved

fro Pﬁ”mf"ﬁ%gé gglls-free cultures following 17 and

16 ESAA0ES cdly drigtally blltureed MEF were @0akf&H6dRs thel foBéwing
br o %ﬁgl n WO 2004/ 055155 .RPET/ | L2003/ 001030 38

('irrcf’ ° Pluposystems) Yatngel 3" homprmade MEFE mafrix qnd-homs-

nﬁa@foy@kﬂ mﬁ@mm a6 )all Hebh bdpldnenteli hABesei® AdpBudeiidht ed
ei@@lls grovvn on MEFs (Figures 6a-c). ES-consistent gene

s cempdations:of Fowthages. idsingr the (hEroryen TF icembingiiang of
gio¥h BB, NS B e ol RIIGB R br? nﬁh{egfengm NERS Stkik Bhe

re resenfative cells of oni c germ
ribrpblest majris Gtiguren 9afd Sibemeither Matrigetfe! or MEFsshavin
: i _
G S B LT PG
d@a}; pteaied rﬁkdndnfomneﬁuﬁammaa' Figmps ¢3sHd Tﬂm@hndttﬁ'mj sovedver,

t Fi_gure I .ed
it B 7 SRR BinLEGRF g e
assd¥het BY cvah‘lst Were(gb\lvm loarfodiMif dibiblastinhibin siunﬂbmehmgmﬂl
eurof i h is, rel at 10
SEEHPR P30 A, LA Y4
umls&‘@mt]?teé diage (o rthanyZn &r]ys%@mé@ﬁ@ dtyp1adll @Sacefl &ﬁ(ﬁﬁlﬁd}é@baﬂ
ff:gqW 0 mQE]q dzg&&anﬁ{n ﬂnwg]}n%mx rggl)rn nlsr;nlag]?nta? free, feeder cells-free
culture system, the foreskin fibroblast matrix is not a well-defined system as compared
with the fibronectin matrix.

Thus, these results demonstrate that the xeno-free wéll—deﬁned culture medium
consisting of serum replacement and the TLF or TF combinations of growth factors
are suitable for maintaining and propagating hES cells on a variety of feeder cells-free

culture systems.

- It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be

provided separately or in any suitable subcombination.
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Thus, these results denonstrate that human ES cells
grown on the conplete xeno-free, feeder cells-free
cultures of the present invention are capabl e of

- YeRbdiRsss functional EBs with cells that ar&erarasesooiese
differentiated to the various somatic |ineages. 15
EXAMPLE 6 FEEDER CELLS- FREE CULTURE SYSTEMS
SUPPORTNORVAL GROMH RA TES AND HI GH PERCENTAGES OF
UNDI FFERENTI ATED HUMAN EMBRYONI C STEM CELLS 20 To
further characterize the capacity of the feeder

cel | 4ltheugh thel tovertionykdasebant described piag Bdrgudetiomwith specific

vV on t cells t rowth rate and. the fractjon
oBBRLHRA Bl R S P g e e mpditisonon TS
vak bk sppanatieto thasel skilked G ekt Nbcoi@RRE, 1ii9 AlendELRASKbrace all

c;{lghghee cuIEyre syst.ens pai ntain normal growh
spcly dermatiesh Ppftficodons g srpanes tet fafh dithin the i aed) broad
stupeeoT the apgintied Siafhd. ar AUCHIHEEHRES, BARSE &4l pdi® applications
S ﬁtegs -..To determ ne the papaC|Lg_of the feeder
“t% preddp this spactiigationssre berei igporporeted i thelrrantifety by rafesence
irlt® e PRATitatiBESIoAhO Wike eltflf 20 ('ifé’éﬁclli‘ i d?\tlﬁaf‘ ngﬂcgt?on, patent or
fraction of undifferentiated stemcells were -
pfentapplication Ves spReficallydod indbtiduelly indisated kd hirincapmbiedBerein

i h 0 f - en- hES cel | s re .. ..
eSS Al i, o e Rl ot A Frekioaion
shallenop be senstruedods anhminitsfoncibattsinctptefpence s rilld of pedr g0
ﬂ%ﬁﬁng@g%bﬂn{ates of the 1-3 (Figure 8a, pink curve),

e 1- igure 8b, pink curve) and the H9 (Figure
8c, pink curve) hBS cell lines were sinmlar to that of
hES cells cultured on WO 2004/ 055155 PCT/1L2003/ 001030
39 MEFs. Moreover, when hES cells were cultured on a
human- derived fibronectin matrix in the presence of
only the TF conbination of growth factors, the growth
rates of the 1-3 (Figure 8a, light blue curve), the
1-6 (Figure 8b, light blue curve) and the H 9 (Figure

8¢, light blue curve) hES cell lines were simlar to
that of hES cells cultured 5 on MEFs. On the other
“hand, when these cells were cultured on bovine-derived
fibronectin matrix in the presence of the TF

conbi nation of gromh factors the growh rates of the
1-3 (Figure 8a, black curve), the 1-6 (Figure Sb,

bl ack curve) and the H9 (Figure 8c, black curve) hES
cell lines were |ower as conpared with bES cell lines




cultured on MEFs. Thus, the bovine fibronectin matrix
suppl emented with the TLF 10 conbinati on of growth
factors and the human fibronectin matri x suppl enent ed
Wb bébsnsity the TF conbi nation of growt h factyqsiyaoesneiese
support a high and normal growth rate of hES cells
simlar to that achieved on MEFs. Human ES cells
cultured on feeder cells ¥ ee culture systems naintain

W]fti'!ﬁ.@‘ri cﬂgﬁﬁ@ggges_ of undifferentiated cells - To
urtﬁer characterize the capacity of the 15 feeder
cells-free systens of the present invention to

. pr opagat i f j . ES cel.l nes, .the.
DT oRr oot 8 PRl AL & Sl defiP e D piig ey et
liné ohpablel ofhethg Baianathed th adlapdifferentiaidd, pheipotést dnd wélifemtiven
tahei ﬁ%re 8(1%, when hES cells were cultured on either
Stag) ﬁ@eﬂb BOVFi1BEderi ved fibronectin matri.ces in the
]Pr e&@nceolﬁﬁnﬁlﬁﬁuﬂiﬁl @hbridific &%ﬁ cﬁn@aﬂ};rat i(gnsggf 0/(;‘:” ow h
actors a_hi. rcentage of the c S 5- .
r err@(gneda%*@nﬁ& S TR S LR T ojudn s, copdijigns

devdid Coil Faeq: obMs Lhe iiGhg NARshiridNEA BESGE! dufrureVBleBium
cultured on bovine-fibronectin matrix in the presence
supplerpanged] with GFPT, WiGFrandhg AHF athaebyodbtan dhwt feedeacelds-Fee

e undi fferentiated cells was 77-85 %
h@%ﬁf@%&%@@%ﬁ%ﬁ:&?@% culture, and declined to 60-75 %
following 6 days in culture. Thus, these results
de nstrﬁe t ag tfh .feeder ceIIs-freelculturiﬁgfr th
systems 0f° PRE2S" 5188 ent I AT HTREN ™ 5t T8 A Hom the
huffyb repit@ eddic) sbemd rdell eBneafulidi® fdmOosteg L(b) Gimot kaid amliofisy
Iﬁﬂe capabl e of maintaining a high fraction of
confitiist erentiated cells, simlar to that achieved
“under MEFs. WD 2004/ 055155 PCT/ 1L2003/ 001030 40
EXAMPLE 7 THE TLF, AND TF COVBI NATI ONS OF GROMH
FACTORS ‘Hrgrmethpdrofisiamm 1 roherginsais mpating st apeptimmetrix.
OTHER FEEDER CELLS- FREE CULTURE SYSTEMS 5 To furt her

‘substantiate the capacity of the TLF and TF
conthi nat Tesneethpd gf elinh 3, Whereigrsgic Bbrengsiin dsreghectast fram the

ercuBCOSkisaRE lof baviR RYShERR, rAMIbAN Yo HB! FiGR31H 2K inan
been used. Experinental Results Human ES cells
fibponpeiing sgcombingntt ureas BronEtin,wepeset ftaorstin, rrechmbinanh giouse
' . .cel |l s-free culture systens:
S0y R0

one- nade MEFs matri x and homne-

5. The method of claim 1, wherein said culturing conditions are
substantially free of xeno contaminant and whereas said matrix is selected from the
group consisting of human plasma fibronectin mairix, recombinant human plasma
fibronectin matrix, human cellular fibronectin matrix, recombinant human cellular

fibronectin matrix, synthetic fibronectin.

6. - The method of claim 1, wherein the human embryonic stem cell line

comprises at least 85 % of undifferentiated human embryonic stem cells.

7. The method of'cléim 1, wherein the cells of the human émbryonic stem

" cell line maintain a doubling time of at least 25 hours.



made foreskin fibroblast matrix, all been suppl enented
Wi th serumrepl acenent and sel ected conbi nati ons of
. growth factors. Using the TLF or the TF conbi nati ons
factors, hES cells were successf
g{?zl\(;g{m?#gsgl RTm MEFs matrix and foreskin fi (J:ro %@%‘mmo
matrix (Figures 9a-f). When either Matrigel' or MEFs
matrix 15 were utilized, lls exceeded 30 passages at

or oo e A bF Habh A251rBRE S B Bthup it ot

intludssesermad dridde serulnavslvcement. are nei t her ani mal -free nor
wel | -defined, leaving fibronectin the favourable
option. When ES cells were grown on foreskin

fi brebl asphenfehbd FURRINe & NBReit $al sEftmARE/b @aid Fsenitd
TLF growth factors, the cells_exceeded 5 passages at

repfagement IS pReli¢edet 8 encsRtEnion phajdeastdd%a- t han 20 days),
preserving typical ES cell norphol ogical features
(Figure 9a). Al though this matrix represents an

ani nHl - f ride, mphed ol elaim K, f vhasein capid sermums aad/eimsaid hgerum

repPlo&isiktlt B b REQD 385nciRbdiio of £5 A0t @ wel | - def i ned
ystem as conpared wt tﬁe fibronectin matrix. Thus,

these results denonstrate that the xeno-free

wel | - defi.ned _cul tur di ym_, 25. consi.sting.of serum

r epl 1Slieme K 0@ h%fefrfe or’ ‘f’kerglgnﬁ?laaﬂ}%@s lsoproa?(%\%tﬂ a
corRedtuion ofdt deastl.0Galy)el. f or mai nt ai ni ng and propagati ng
hES cells on a variety of feeder cells-free culture
systens. It is appreciated that certain features of
the {Nventhcomenblli &M cBES: 1, Fherbindbdid YTGFROidpaRideReRt a
in the context of separate enbodi nents, may al so be
coneentiagderiol B2 eghmbi nation in a single enbodi nent.
Conversely, various features of the invention, which
are, for brevity, described in the context of a single
enboli. menthe methodl &b chém pr ovhectid sgidphFEF elsy prvided any

c%%ﬁéﬁ@@%‘%ﬁ@%‘%ho& t_x\f))usgotdr{]gsisﬁ\slgnti on has been

described in conjunction with specific enbodi nments

t hergpf, ..t is.eyident . that ny alte ives, .
. nodi fﬁcat%ngleg’ﬂé s‘:rcfaéﬂai n rﬁ%‘% Ismge{’g%a’tsemov{dtﬁd at a
 cdricasatiskof4 eghmi.n the art. Accordingly, it is intended

to enbrace all 5 such alternatives, nodifications and
variations that fall within the spirit and broad

SCOPEs. Of T enckATEREN ¢ Whe¥Bin sA¥ ILIP1Hrb+Gdddi 20 B Soncentration
E%E ents and patent applications nentioned in this
O

%308 %{lon are herein incor porated in their
entirety by reference into the specification, to the

same extent as if each individual prbl i cation, patent
or 16.  The method of claim 1, wherein said LIF is provided at a concentration

of 1000 w/ml.

17. A method of propagating a human embryonic stem cell line in an
" undifferentiated, pluripotent and proliferative state under culturing conditions devoid
of feeder cells, the method comprising culturing cells of the human embryomic stem

cell line on 2 matrix and a tissue culture medium supplemented with TGFp;, bFGF




pat ent application was specifically and individually
i ndicated to be incorporated herein 10 by reference.
In addition, citation or identification of any
wehaueneg in this application shall not be yeqrslbithso
- as an adm ssion that such reference is available as
prior art to the present invention. W 2004/ 055155
PCT/ 1L2003/ 001030 42 WHAT*1S CLAIMED IS: 1. A nethod
arfdfor ¢ it ﬁ)bl}}xbr% Q:@ﬁs ?‘F%L: ﬁuﬁnﬁr?gm gRg s%ﬂpéeﬁq{ﬁ'e‘in an
stem cel I ne cap el ng mal ntai ne
undiffiréritisted, plurgiotdt aqdlmmhfpnauwuand proliferative
state, the nmethod conprising: (a) obtaining human
enbryonic stemcells, and; (b) culturing said human
enbrigoni Thseinetiod of ¢sim it eheein saldrhagx BanfitirbeotiSmatrix.
devoi d of feeder cells and including a matri x and a
ti ssue culture nedium supplenmented with TG-(31, bFG-
and/19r  Lirhe ifethol &f eRjim QB Rhéteih heidfesrRetic Bl seleted §6m the

human enpry c steqpcell line. 2. The.met dof | ai m
SIPUD CPYER %fg Yins ifhgerertyh; Tsombipant | bqvingnipiraecti, fypan

ﬁlﬁﬁﬁb"cﬂ@ ryeson%l@m Bitnbn AbRARRS Wdugh ﬁblfoﬁ&m;hSIre%@m&mm liﬂ@lﬁé

- said culturin egﬁ conditions. 3. The nethod of claim 1
fikgpractn, gnd smtheRafibforeqtis. 4 fi bronectin matrix. 4. The
met hod of claim3, wherein said fibronectinis

sel ected fromthe group consisting of bovine

fi br2d@nectlhe, mﬁb@brﬂil daint 160 wilreectl i Sardoweltttmng comditions are

u%&tgﬂtﬁﬁg ‘ﬁ{eé f xén%cé%[;r- n%xrr“ a@d"%g}e 996 xt is’ seﬁa&? ﬁ‘om the
ron reconbl nant nouseé T OReC n,

mnt:mstshng ﬁ)f bhomme cpiasma fihronkoin mteﬂ:rhgde@fmb@ﬂaﬂt imﬂlan plasma

whe sai,d _cul tyri conltlosare subst anti al,l
e R
filseheetih adirixl omietie ib@hetipn. consi sting of human pl asna

fibronectin matrix, reconbi nant human pl asma

fibronectin matrix, human cellular fibronectin matri x,

rec@rbi namé methiea df eRlh llba\ﬁfherfnhkiﬁ@ﬁﬁ%li bFSi¢ Xem cell line
synt heti c fibropectin. The net hod of .claim1,

COpPEPES; 2h lepH 85 %ﬂ%‘ﬁdéff%‘?%ﬁﬁi Bugppermtrapic stemeelle onpr i ses
at least 85 % of undifferentiated human enbryonic
stein cells. 7. The nethod of claim1, wherein the

cel 13- of Thoaethoded &aimr Jbrihsrain die colls of the human embryonic

stem cell line maintain a doubling time of at least 25 hours.

23.  The method of claim 17, wherein said tissue culture medium further

includes serum and/or serum replacement.

24.  The method of claim 23, wherein said serum and/or said serum

replacement is provided at a concentration of at least 10 %.

25. - The method -of claim 23, wherein said seram and/or said serum

replacement is provided at a concentration of 15 %.

26.  The method of claim 17, wherein said TGFP; is provided ai a
concentration of at least 0.06 ng/ml. ' '




cell line mintain a doubling tinme of at |east 25
hours. WD 2004/ 055155 PCT/1L2003/ 001030 43 8. The
met hod of claim1l, wherein said tissue culture nedi um

@Fﬁ%"m‘% 15§ ncl udes serum and/ or serum repl aC%gFHfZOGS?ﬂOI 40
% or salJ

e nmethod of claim@8, wherein said serum an
serum replacenent is provided at a concentration of
at least 10 % 10. The m#fhod of claim8, wherein said

cortent re BRo) ofs SRl a7, HeBSEIRACACRPr o fhAffah &

condbigttatibmoB@iTngfl (31 is provided at a concentration of
at least 0.06 ng/m. 12. The nethod of claim1l,
wherein said TGF(31 is provided at a concentration of

0. 185 NG/ THe. mbfhod TéFe okl NOK WiherGih adoid BFGRNE QEdvidedi &t =
bFGF is provided at a concentration of at |east 2
congegrtyption qjat lepsle? 8dhod of claim 1, wherein said bFGF is
provided at a concentration of 4 n9/m . 15. The
met hod of claim1l1, wherein said LIF is provided at a

cond®nt rBei msthodf ofaclaineakh wixgein/ said bFEF Thergvidedodt 8f

' in said LIF is provided at a
ol ot FROEE 0 2000w/ i - h7e” A met hod of

propagati ng a human enbryonic stemcell line in an

dj f f ' , Pluri nd li '
ot et LGS, oP EPOAoTh AR P oAbl B &
cordchetration bbat leei®ivghing cul turing cells of the human

enbryonic stem cell Iine on a matrix and a tissue
cul ture nedi um suppl enented with TG-(31, bFGF WO

200%Y.053(He5 nf2fabd 1 b2 0030 Q2.0 3herehdt ARA/NIF sl brovided at a
thereby nmintain the cells of the human enbryonic stem

concgpiratiph gBlG0R uAnl. undifferentiated, pluripotent and
proliferative state. 18. The nethod of claim 17,
wherein said matrix is a fibronectin matrix. 19. The

nmet hbd oh metheil of eweblishies wfendes sells-Freediena embryonis stem cell
lin® BAfable OF bhfa@ Mudififined in an undifferentiated, pluripotent and proliferative

state, the method comprising:

(a)  obtaining human embryonic stem cells, and;

(b)  culiuring said human embryonic stem cells under culhuring conditions
devoid of feeder cells and including a fibronectin matrix and a tissue culture medivm
supplemented with TGFB;, bEGF and/or LIF to thereby obtain the feeder cells-free

human embryonic stem cell line.

33.  The method of claim 32, wherein said fibronectin is selected from the
group consisting of bovine fibronectin, recombinant bovine fibronectin, human
fibronectin, recombinant human fibronectin, mouse fibronectin, recombinant mouse

fibronectin, and synthetic fibronectin.

34. The method of claim 32, wherein said culturing conditions are
substantially free of xeno contaminant and where is said fibronectin matrix is selected

from the group consisting of human plasma fibronectin matrix; recombinant human




group consisting of bovine fibronectin, reconbinant
bovi ne fibronectin, human fibronectin, reconbi nant
human fi bronectin, nouse fibronectin, reconbinant
ionectin, and synthetic fibronecti gfﬁm E
»ggtiﬁ@,gsg ?éjcl aim 17, wherein said culturing c I B0
are substantially free of xeno contam nant and where
is said matrix is selectedsfromthe group consisting
of h n plasma fjbronectin matrix, reconbi nant human

plasimag onecip BBt MR fular ffhreRgAtin ST, ZPCombiRagh BEmAH

cell@bs fibrondcBf RIARIXNAREyNEER BibfRlebtt, ar  fibronectin _
matri x, synthetic fibronectin. 21. The method of claim
17, wherein the human enbryonic stemcell |ine

COMki Se§halnehiBas clgﬁu g%%]:ﬁ(:égﬂ lgfd ﬁﬁ%ﬂtépﬁ)&f&]&é{% Rell line

enbryoni c stem ce
copipeipesiahleait @5 et wdiferantiated by enibyynsten celisem cel |

line maintain a doubling tine of at |east 25 hours.

23. The nmethod of claim 17, wherein said tissue

cul t3¢ér e Whelimethofl nftciedn 32, nﬂieteﬁieﬂl@mwm&mcﬂﬁmmanbrmmc

epl.acenent he et ho aim?23, wherein said
Sté%?mﬁ&?l%t?n%]ﬂﬁb ol}raglﬁ We- is provided at a

concentration of at Ieast 10 % 25. The met hod of

cl ai 23, wherei.n said serym and/ or, sai d _serum

r epl?’g]cengh? n}egmﬂr"(g\F?ab‘Ec?Zaﬂ" B e ol GHodium yrther
incl6des EQBmMRE/BPSENGA repladéhient./, wherein said TG-(31 is

provided at a concentration of at [east 0.06 ng/m.

WO 2004/ 055155 PCT/ 1L2003/ 001030 45 27. The net hod of

cl aisg) 17 ndheditiaN of Yathn T8, (Sh PWLAR a0

0 /M . %g‘ﬁ %e met g%}/ofsaé?alm

concentration of 0.12 ng
Ieﬂlflcemm@ﬁETW@@&@@B@W’@OW@VI@G@CIO% a concentration
of at least 2 ng/m. 29. The nethod of claim17,
wherein said bFG- is provided at a concentration of 4
ng/ #P. 3Whe TMhmﬂebﬁ@Hiimf?fbl whe:reiﬁ?said/vlsanmi anddan eaid \ABruns

n at least 500 u/m . 31.
Iq%e fg %tmﬁd aclo%gef a4 qug % said LTF i s provided
at a .
40. The method of claim 32, wherein said TGFB; is provided at a
concentration of at least 0.06 ng/ml.

41.  The method of claim 32, wherein said TGFB; is provided at a
concentration of 0.12 ng/ml.

42,  The method of claim 32, wherein said bFGF is provided at a
concentration of at least 2 ng/m]. |
a

43.  The method of claim 32, wherein said bFGF is provided at
concentranon of 4 ng/m] o )

-44.  The method of claim 32, wherein said LIF is provided at a
concentration of at least 500 w/ml.




concentration of 1000 u/m . 32. A nethod of
establishing a feeder cells-free human enbryonic stem
cell Tine capable of being maintained in an
WoGbdsoes1ent i ated, pluripotent and prolifer atﬂc‘i’ﬁmoosmmo
state, the met hod conprising: (a) obtaining hu

enbryonic stemcells, and; (b) culturing said hurmn
enbryonic stemcells under47cul turing conditions

devojd of fe d 8LaCe I ncl udi ng,.a tibronectjin
natrlg an S{ %é%? S Yn® uﬁ%#eﬁeﬁ?%ﬁb%n?ha
oﬁfx@Eqm’:hhpanmBOahﬂl or LTF to thereby obtain the feeder
cells-free human enbryonic stemcell line. 33. The
nmet hod of claim 32, wherein said fibronectin.is

sel e4d.ed 4 meymdaher n%@psgaﬁn QNfinhi G8brPEnd Wk el) line in an
féﬁr onectin, reconbi nant bovi ne fibronectin, human

i Rluripeient apd REokiferatinesstnte Mslen pelbwing copditiens devoid
of FRIQNER, i, mEBSDEIM: ceﬁlg Qf gﬁ%ﬁaﬁaﬁ%gw stem

%{%nthetlcflbronectln 4 The net ho
bpeion asHbrgnestin tostiin gnd ontssue onkure meedivsw isspplernénddd with

T 8080 £ Sl 4050 ok AR

cgl lirerimar nidiffmatizicd, plaigotont arfdQﬁé!IfbﬂaﬁWat@ u rran V\D
2004/ 055155 PCT/ 1L2003/ 001030 46 plasma fibronectin
matri x, human cellul ar fibronectin matrix, reconbi nant

huned?. cahk wetodfdfRIpnae! wneraﬁtsmwbamcﬁmtéeﬁ&ﬂeg from the
f| bronecti n. %5 The net hod of cl ai m 32, wherein the

Brreionsney o Pevias dibrenseiin, | jeprmbinaiphavines fibroneating tugen
ﬁBﬁ)ﬂécnﬁ,ntibérﬁlﬁﬁﬁiﬂ%ﬁbﬁ GnRMEBE, %ti&é/ﬁﬁ‘oﬁecﬁf; gﬁtlhaﬁ mflise

The nethod of claim 32, wherein the cel human
fibrgngciipand syndedigfbrompetin ne mai ntain a doubling time of
at least 25 hours. 37. The nethod of claim 32, wherein
said tissue culture nmedium further includes serum

and/‘@r sdharmethes) af erkeint 4638vhefrdi1e saidt hummg cdralition8 Zare

r [ d repl acenent is
provi c}y g(% g? P%eiggﬁﬁc%'n "rg{gtalngﬁ% ‘#@53{‘6% I]@*/a%'1 Seff?f‘éd
frem tthe gronp consiting 87 humbleplasma ﬁ‘aurodecsla raian@tabisait Guman

P10 g R o, P ooty sroceippcapamn

ceflglapfilpuiiattiol matrixaand synthetic ﬁbronectm.

49. . The method of claim 46, wherein the human embryonic stem cell line

compnses at least 85 % of undifferentiated human embryomc stem cells.

50. The methqd of claim 46, wherein the cells of the h;nnan embryonic

stem cell line maintain a doubﬁng time of at least 25 hours.

31.  The method of claim 46, wherein said tissue culture medium further

includes serum and/or serum replacement.

52.  The method of claim 51, wherein said serum and/or said serum

replacement is provided at a concentration of at least 10 %. -




concentration of at least 0.06 ng/m . 41. The et hod
of claim32, wherein said TG 31 is provided at a
concentration of 0.12 ng/nl. 42. The nethod of.claim

n said bFG- is provided at a con
ﬁ%'mm?!ggit 2 ng/m. .43. The nethod of cl a%ﬁk&/&?mo
wherein said bFG- is prOV|ded at a concentration of4
ng/m. - " 44. The nethod4®f claim 32, wherein said

LIF |s pT%éld%ggg concentration_of at |east 500

0l il 55O B oMret pEaclpirr Pl 3erSin0eas Forim Anger syeserum
repRicbiasht Afpréiidddm: 32oncaktieh Br padd LIF is provided at a
concentration of 1000 u/m . 46. A nethod of
propagati ng a human enbryonic stemcell line in an.
undi ££ er [ e 1,0 - 8fat.e
unde%lcuﬁ?%r@%%g%éﬁgg%?gﬁg 3@§%ﬂgsﬁd JrPizglder 6%??%,& 8
cericentrabiothoitht deastix(6signgt. cul turing cells of the human

enbryonic stem cell line on a fibronectin matrix and
a tissue culture nmedi um supplenented with TGF(31,

bFGRs5and/The takthod Qoft AEHERS, RcRiRIsRAdt PEFELIL HrRidihg a
human enbryonic stem cell line in an

consemtreHen et 12888l pluripotent and proliferative state.
47. The nethod of claim 46, wherein said fibronectin

is selected fromthe group consisting of bovine
fi br¥nectlibn, metbodradi plam 460 wheeein | o WECTI is, ptayided at a

éﬂc%{ E&?&ﬂa@lea&% '_nant human fi _bronecti n, nouse

onectin, rec I nant nouse fibronectin, and
synthetic f|bronectin. 48. The net hod of claim 46,

whergj n i.d [ turd ng. condi t,i ons arge bst ant i
(PR TRk Smbtied i el OB AT AL vEBHIN PG
comgénteakion of gd/mict ed from the group consisting of human

pl asma fibronectin matrix, reconbi nant human pl asma
fibronectin matri x, human cellular fibronectin matri x,

r eCOEDI NAME REIKBA ofc @lakk! 36, WhbeRN &l DIFEE ! hrovide® '
%%nthetlc f br onec 49. The net hod of cl al m 46,

@F@@W‘?H@‘ﬁﬁﬁﬁﬂ“&ﬂbryon|c stemcell line conprises

‘at |l east 85 % of undifferentiated human enbryonic stem

cells. 50. The nmethod of claim46, wherein the cells
of t¥e hihanmetked d yofniclaim 46, wherein said LIF is provided at a

concentration of 1000 w/'mi,

60. A method of establishing a xeno — free, feeder cells-free embryonic
stem cell line of a species capable of being maintained in an undifferentiated, -
pluripotent and proliferaﬁ{re state, the method comprising:

(@  obtaining embryoric stem cells, and;

(b)  culturing said embryonic stem cells under culturing conditions devoid
of feeder cells and xeno contaminants and including a species - derived mairix and a
tissue culture medium to thereby obtain the xeno — free, feeder cells-free embryonic

stem cell line of the species.

61.  The method of claim 60, wherein said matrix is a species — derived
fibronectin matrix.




stemcell line maintain a doubling tinme of at |east 25
hours. 51. The nethod of claim46, wherein said tissue
culture nedium further includes serum and/ or serum
WweRb@meseNt . 52. The nmethod of claim 51, V‘heﬂ‘éling,ztﬁ@ibﬁoso
serum and/ or said serum replacenent is provi at a
concentration of at least 10 % WD 2004/ 055155
PCT/ | L2003/ 001030 48 53. 4The net hod of claim 51,

r i d r and/ o d seru r.e e I S
pr oﬁdedﬁ? %éﬁ%ﬁgt %Qanai&‘?m%m}inf%eﬁe‘p?ﬁ% %t RoGrng
conbifiong aéésubmaawrfresafﬁbnmﬁt&;uﬂaﬁtspr ovided at a
concentration of at least 0.06 ng/m . 55. The nethod
of claim 46, wherein said TG-(31 is provided at a
conggnt r ghé QHettell o@ cthiin B0/ Wherein ﬁxe sﬁgﬁes‘@ﬁm&n@&eﬁl @il The

46, wherein said bFGF i s provid at a concentration
copfpriggs of eas 85 2o ﬁ@mﬁfferesmate&n@cmmbmm stemegets- 46,
wherein said bFG- is provided at a concentration of 4
ng/m . 58. The nethod of claim46, wherein said LIF is
pr ovitded The methodorfondaimr Gl ivdwredf thetcelle af theS@ecies ethbry&ge

<l S G0 L1, o 0

establlshlng a xeno - free, feeder cells-free

nb f. f
bei 15 the SefiEROF Heiap S0, vt U5 Brtivn fotudi o
spatiek ftefiVddf seroad andforatsaom replieneit. hod conprising: (a)

obt ai ni ng enbryonic stemcells, and; (b) culturing
said enbryonic stemcells under culturing conditions

dev ged qﬁe fmdﬂr o€ Blaln® ANYHERAP sHQ NpadTENAHeSvaNshrum is

including a species - derived matrix and a tissue
PI@ﬁﬁ%WéC%PWOFQf%tH@%%% obtain the xeno - free,
feeder cells-free enbryonic stemcell |line of the

specie's. 61. The nethod of claim®60, wherein said
mat 67x | Shemsthed pheaim e mhorsth said ssruonsplacemenismiravided at

a concentration of at least 10 %.

68.  The method of claim 65, wherein said serum replacement is provided at

a concentration of 15 %.

69.  The method of claim 60, wherein said tissue culture medium further

includes at least one growth factor.

70.  The method of claim 69, wherein said at least one growth factor is
selected from the group consisting of TGFS;, bFGF, LIF.

71.  The method of claim 70, wherein said TGFP; is provided at a
concentration of at least 0.06 ng/ml.

72.  The method of claim 70, wherein said TGFB; is provided at a

concentration of 0.12 ng_/ml.




WD 2004/ 055155 PCT/ 112003/ 001030 49 62. The nethod of
cl aim 60, wherein said feeder cells-free culturing
conditions are substantially free of xeno

Foheishdnts. 63. The nmethod of claim 60, Whﬁﬁ%@ﬂmépﬁm”

speci es enbryonic stemcell line conprises
85 % of undifferentiated species enbryonic stemcells.
64. The method of cl ai m6(§0 wherein the cells of the

e or el BN 5 HBh S i SR RO 5 POFF 802
conb@ittion St tkasti2gpial, cul t ure medi um i ncludes a species

- derived serum and/ or a serumrepl acenent. 66. The
met hod of cl aim 65, wherein said species - derived

ser um i s The kot @EkinA 70 Awiaie B4 bREE Rpr&fidedlat b 63Rbntratia
67 The net hod of claim65, wherein said serum

Btenent is provided at a concentration of at
Ieast 10 % 68. The nethod of claim65, wherein said

serumrepl acenent is provided at a concentration of
15 %5 69.Thehmethed hefd cletm cF&i mheGin \shidr &l is aprdvidéds stiea

c@%ﬂﬁ&%@iﬁ#iy% includes at |east one growth

act or od of claim#®69, wherein said at
| east one grovvth factor is selected fromthe group

ol a6 70 e melt | Qe G2y ety AL &t movesd at a

concentratidn @t i00hutkdl. at Ieast 0.06 ng/m. 72. The nethod
of claim70, wherein said TG-(31 is provided at a
concentration of 0.12 ng/m . WD 2004/ 055155

PCTI77L. 20086 GRkRE0 of 2Rind F0, WieretE @ dis@fe Glidteméflum is 2
wher ei n, S;I d bFGF |s prow ded at a concentration of

SPEESY & wgdivthe et hod cl ai m 70, wherein
sai d bFGF |s prow ded at a concentration of 4 ng/m.

75. The nethod of claim 70, wherein said LIF is
pr ovifded Aatnethod of propagating a species embryonic stem cell line in an

undifferentiated, pluripotent and proliferative state under culturing conditions devoid
of feeder cells and xeno contaminanis, the method comprising culturing cells of the
species embryonic stem cell line on a species - derived matrix and a tissue culture
medium to thereby maintain the cells of the species embryonic stem cell line in an

undifferentiated, pluripotent and proliferative state.

79.  The method of claim 78, wherein said matrix is a species ~ derived

fibronectin matrix.

80.  The method of claim 78, wherein said feeder cells-free culturing

conditions are substantially free of xeno contaminants.

81.  The method of claim 78, wherein the species embryonic stem cell line

comprises at least 85 % of undifferentiated species embryonic stem ceils.

82.  The method of claim 78, wherein the cells of the species embryonic
stem cell line maintain a doubling time of at least 20 hours.




concentration of at least 500 u/m . 76. The nmethod of
claim70, wherein said LIF is provided at a
concentration of 1000 u/m . 77. The nethod of claim
W0, 200085185 N said tissue culture mediumis a pcREHLES1G30
derived conditioned medium 78. A nethod of

propagati ng a species enbryonic stemcell line in an
undi fferentiated, pluri pot%nt and proliferative state

undeg, cul devoi.d,. of f eder ..cel.l| nd
xenogcontrgﬁrgﬂﬁgtg?é:&%?gﬁ&’ %%BS% P8 P BT T udes's
Sp@iebsd@iveﬂlsaunmné/oremﬁnp}acﬁnmt.st emcell line on a

species - derived matrix and a tissue culture mnedium
to thereby maintain the cells of the species enbryonic

st en84:el | THel methbd cdrclaitngB, fier&n tsaidl §ciePL WeliPQt &tm is
~and Ilferatlvefét[ate 79 The net hod of claim 78,

P e neeptnation 9hat least § Yapeci es - deri ved

fi bronect| n matri x. 80. The nethod of claim 78,
wherein said feeder cells-free culturin condi ti ons
are Subst Hispethed ofclaia 83 fwhersipsaidsaramropiasement &iprovides at

a@&;daﬁgatggoggtqédgt ¥0%%. Wherein the speci es enbryonic stem
Il Tine conprises at |east 85 % of undifferentiated

speC| es enbryonic stemcells. 82. The nethod of claim

[S; e Ohit il 8, 16 PRRELRS, RREYAD G Sl a

cell Tine maintain a doub

a gerigeniratigioP DD%. 055155 PCT/IL2003/001030 51 83. The
met hod of claim 78, wherein said tissue culture medi um
i ncludes a species - derived serum and/or a serum

r epl 8% enefite. m8Hod Fhelaires3)ocheftfin shiaitaBIultwRen&litn Fatidr

deriv serumis provided at a
mcpﬁgﬁe%?ef'ﬁttqn&gma'&ggﬁmfeast 5 % 85. The nethod of claim
83, wherein said serumreplacenent is provided at a

conc, tr ion of at least 10 % 86. The method of

cl ai Fhed ok dlrin 83, wharein sridcatdeast ones sromdy fagta is
ss?éctedasmﬁpm@%mub%ﬁs%nggfrﬂ@ Y0 bR, addErpTet hod of claim

83, wherein said tissue c ture’ medl umfurther
i ncludes at | east one growh factor.

80.  The method of claim 88, wherein said TGFB; is provided at a
concentration of at least 0.06 ng/m].

90, The method of claim 88, wherein said TGFB, is prowded at a
concentration of 0.12 ng/ml.

91.  The method of claim 88, wherein said bFGF is provided at a

conceniration of at least 2 ng/ml.

92.  The method claim 88, wherein said bFGF is provided at a concentration
of 4 ng/ml. '

93. The method of claim 88, wherein said LIF is provided at a
concentration of at least 500 w/ml.




88. The nethod of claim87, wherein said at | east one
gromh factor is selected fromthe group consisting
of TGF 31, bFGF, and LIF. 89. The nethod of clai m 88,

Woekheidssal d TGR(31 is provided at a oncenl;‘glglﬁ(ﬁgmﬁgm

at least 0.06 ng/m. 90. The nethod of claim
wherein said TG(31 is provided at a concentration of
0.12 ng/n . 91. The method2of claim 88, wherein said

bFGF,} s ovi d at.a oncentrati on, of | east. 2
ng/ n?A' 92*2h EWﬂt ﬂ%d’laéli“alggn gehereiih ik Hj’gaﬁsdp’fﬁ’ﬁ@dl Y a
cifoentiatien] oft00@ uasincent ration of 4 ng/m . 93. The

nmet hod of claim88, wherein said LIF is provided at a
concentration of at least 500 u/m. WD 2004/ 055155

PCT/ $3. 20 0He @ikl a@o%mﬁ%ewﬁ%ﬁ%gd@ssﬁlcﬂh% SRdiumisa

wherein said LIF is provided concentration o
SPEGHSO - demyed comfitiongd megimed of any of claim 78, wherein
said tissue culture nediumis a species - derived
condi tioned medium 96. A cell culture conprising

undi #4-er eheslbenditire qotprisipg tadifferantihtel; plunpﬁemttand/ prohl:‘ﬁmmrn

tgmc Sip | ur.e ne |n the
Rl CEBonte: SOl i, £ il i St o
Sﬁbemly@bloﬁxmnmmrnﬁadmn@aomaﬁhml | cul t ur e of

claim 96, wherein the culture nmediumincludes serum
repl acenent. 98. The cell culture of claim97, wherein

sai d9ker Uher @fll aiterestt clhisa 98 AHhérdiR0mha lcufu® QR&RIRE Al R
of at least 10 % 99. The cell culture of clai m 97,

STWB FRl4FREty serum repl acement is provided at a
concentration of 15 % 100. The cell culture of claim
97, wherein said culture nmedium further includes
TGF(%, dbercelnenlvre of plaimo97, Wheseigesaid semmyreplagément is

p@bﬁmmnceﬁﬁ@mo%ﬁ%@wmsl is provided at a

concentration of at least 0.06 ng/m.

99.  The cell culture of claim 97, wherein said serum replacement is

provided at a concentration of 15 %.

100. The cell culture of claim 97, wherein said culture medium further
includes TGFp;, bFGF and/or LIF.

101. The cell (_:ulture of claim 100, wherein said TGFp; is provided: at a
concentration of at least 0.06 ng/ml.

102. The cell culture of claim 100, wherein said TGFB; is provided at a
~ concentration of 0.12 ng/ml.

| 103. -The cell culture of claim 100, wherein said bFGF is provided at a
- conceniration of at least 2 ng/ml.




102. The cell culture of claim 100, wherein said
TG-(31.is provided at a concentration of 0.12 ng/m .
103. The cell culture of claim 100, wherein said bFGF

WO PodssEed at a concentration of at |east Zefgh
VO A OE 5185 BCTT 113003/ 001030° 53 104 ThECTapfano10

culture of claim 100, wherein said bFGF is provided at
a concentration of 4 ng/nf3 105. The cell culture of

cl ai 0 rej toh LI E LS _provide a .
concg%r)l%r gﬁe\gg&loﬁhg'{es?%g% m518B’ '(Yg?ﬁel.n %Pﬁéfﬁés Prqvided at 2
coutepimationof 4 ofyailm 100, wherein said LIF is provided at

a concentration of 1000 u/m . 107. The cell culture

of claim96, wherein said human enbryonic stemcells

arg mm.lnt"ﬂimaem eultufe af dlla?ﬂii M(Eﬁfli&éiﬂtsﬁﬁ, LIF & pReofdedtat a
an roliferat] tate for at |east 38 passages.
CT’&E??@%%OE@IIT’&S%%W?W of claim96, wherein said human
enbryonic stemcells maintain a doubling tinme of at
culture of claim 96,

Ieasi %5 _ﬁrour . 109. The cell | : .

wher &0 sHiegcel rafre obcjaimi £00s (vehereie|srid LiFoisppiovidedtat a
chRbitatRda oPoWb wipdi fferentiated stemcells. 110. A
xeno-free, feeder cells-free culture system conprising

a mtrix and a tissue culture medium the xeno-free,

f eed c “hH e m bej.ng sel ect ed

capa [ g#ﬂefrcg{l ﬁ@gﬁrﬁ%‘g u%ﬁ)ﬁﬁ’é’i%b“r %dh}i“%l@t 00fq gem cells
arehaiptaiveble fire arehmdifferemtiapado blufipotadti ané proliférbivenit® fir a8 Rglst
38'?95';3% rentiated state. 111. The culture system of

clhail 10, wherein said matrix is human-derived
fibronectin. 112. The culture systemof claim 111,

wher gj i d human- deri.ve fibronectin is _sel ected
from esﬁ’%ﬁ% °‘§§ﬂ%?§‘i1?lﬂ'g€6a Srhetsiniit Iprasg snbryonic stem cells
nfainbaio B dedbling time €QTGIE Roukiman pl asma fi bronectin,

human cel lular fibronectin, reconbi nant hunan
cellular fibronectin, and synthetic fibronectin. WO

200410855 Ipe Bkl O L34R0F) Ferefisaid human embryonic stem cells

comprise at least 85 % of undifferentiated stem cells.

110. A xeno-free, feeder cells-free culture system comprising a matrix and a
tissue culture medium, the xeno-free, feeder cells-free culture system being selected
capable of maintaining human embryonic stem cells cultured therein in a proliferative,
pluripotent and undifferentiated state. ' |

111.  The culture system of claim 110, wherein said matrix is buman-derived
fibronectin.

112.  The culture system of claim 111, wherein said human-derived
fibronectin is selected from the group consisting -of human plasma fibronectin,
recombinant human plasma fibronectin, human cellular fibronectin, recombinant

human cellular fibronectin, and synthetic fibronectin.




113. The culture systemof claim 110, wherein said
tissue culture nedium includes serumrepl acenent.
114. The culture systemof claim 113, wherein said

. erueweseps acenent is  provided at a concent rgdd@Be9bo1030
at least 10 % 115. The culture systemof claim113,
wherein said serumreplacenent is provided at a
concentration of 15 % 1164 The cul ture system of
claim11 rein sai s cul ture medium further
ol e Theice st o labt 110 herh i e e gheaion

inslyddsesamual replhcinnfl 16, wherein said TGF(31 is provided
at a concentration of at least 0.06 ng/m. 118. The
culture systemof claim 116, wherein said TGF(31 is

provitded Taé calturé QRkaR of AN 18] wlerdid 99/ dhum aebi&emjmrﬁ‘:is
culture systemof claim 116, erein said bF IS
regyided degongenatoaghatdeast 19 Yon of at least 2 ng/m . 120.
The culture systemof claim 116, wherein said bFGF is
provided at a concentration of 4 ng/m . 121. The
cul tidpe dhe wcalfre sysi¢najofclain, 113hwherin seidi wrum Feplasement is

B%iaMd . ration of at |east 500 u/ni.
P 122¥ #ﬁgo%flﬁhroggggi%m of claim 116, wherein said LIF

is provided at a concentration of 1000 u/m . 123. The

t | aim 11 ' id h enb i t
o 148 o e ot bt B0 B Tof Syferrlti s sR0R el B b
fuhtheramcleleb THOPY, BFSF and/6ellFs. 55 124. The net hod of

claim 110, wherein said human enbryonic stemcells
mai ntain a doubling tinme of at |east 25 hours 125.

The 1438 The BulTRRLRITHF UAB] ]Iﬁshﬁmeﬁles!aid %ﬁﬁq{ gxﬁoivﬁl.l@d ata

free of xeno and feeder cell$ contam nan
copegtrpiat afet legst 8.0fmgindanent for cel |l repl acenent and/ or
tissue- regeneration. 126. The use of claim 125,
wherei n sai d manufacturing conprises: .(a) obtaining
hurdas.enffhy arlivee sisem efodlhify, 1 @Nohhert)saldUF GRY, i gros@Abd at a

human. enhryani ¢ stem cells under cul turing conditions
coa('ée\gg'ﬁt&)nrg% 03’13 ngfml. g

-119. The culture system of claim 116, wherein said bFGF is provided at a
concentration of at least 2 ng/ml.

120.  The culture system of claim 116, wherein said bFGF is provided at a

concentration of 4 ng/ml.

121, The culture system of claim 116, wherein said LIF is provided at a

concentration of at least 500 w/ml.

122. The culture system of claim 116_, wherein said LIF is provided at a
concentration of 1000 w/ml. '

123.  The method of claim 110, wherein said human embryonic stem cells

comiprise at least 85 % of undifferentiated human embryonic stem cells.




of feeder cells and xeno contam nants and including a
human-derived fibronectin matgyix and a tissue culture
medi um suppl enented with TG-(3,, bFG- and/or LIF to

t hereby prepare the human enbryonic stem cel
preparation. 127. The use of claim 126, wherein said
hunan erixed fi ect selected from¢the group
conS|§%|ngIgmeﬁﬁéﬁn%?%Lﬂﬁ“g?ﬁFéﬁ Ruymag embgyoBisisteRLLs maintain
hdowhlingyiraesatat ledst 29 lswesct i n, human cel [ ul ar fi bronecti n,
reconbi nant human ceIIuIar fibronectin, and synthetic
fibronectin. 128. The use of claim 126, wherein said

t i s suSscul Themee sfediubiah enalyodeseh Uélﬂﬁepaféﬁbxﬂffb@dfd:{eﬁ and feeder

cement 29, Th use | aim 128, erein

B B SR R st « 4 ??ﬁféﬁrrsfafcg@swgﬂ of tgssue
mgmmmdmd at a concentratlon of at least 10 % 130. The
use of claim 128, wherein said human serum and/or said
serum replacenent is provided at a concentration of
15 %]I126- - The use-of claim 125, Wherem-saldmnufactmﬁrg'compﬁses:' - 56
131. (The u F of .c ain1é?6 mherg aald TGF(31 is
or ovi@ed SPERTELNTA pPhyPiic St © s feast 0.06 ng/m .

132. _(B)h e mslmrmg saidl hlhman]eaﬁ)rydn&b?teﬁ‘l d’dl]l-ﬁzlaidér[ ﬁ%ﬁiigsdgﬁdi%ns devoid
| a concentration, o : . .. The,
BRI B e S I%Céﬁd&‘g@%@a?-agﬁfé {fbrgagrtimagix and 2
tissua canre mtdivom supblegicnted @ith TGERNBFGH andb3AIF thhilerétyPréphre the

claim n sai.d bFG- is provided at a

26 er
hgrg%nc%nﬁ Wogﬁseﬁl%eﬁ PIPARHOY  135. The use of claim 126,
wher ei n said LIF is provided at a concentration of at

| eas OO . ~136. e, use of . clai in
sa QTR eo"{f < 1%{3 WheTER TR Pt do &ﬁetgﬁbrmen is glffied
fid@The gﬂx@ uomstmg ot hakampladfia ﬁ%ﬁéeﬁmﬁe@ﬁibﬂaaﬁﬂﬂﬁ&ﬁn lasma
i on [l se east 85

ry.oni c st Cc repara
AR Ret e sl FlapntRTeamo AR R o6 IRE RoroRscfiE ind gt
ﬁmhmmuﬂe of claim 126, wherein said human enbryonic
stemcells maintain a doubling tinme of at |east 25

hour s.
128.  The use of claim 126, wherein said tissue culture medium includes human

serum and/or serum replacement,

129 The use of clain 128, wherein said human serum and/or said serum

replacement is provided at a concentration of at keast 10 %.

130.  The use of claim 128, wherein said human serum and/or said serum

replacement is provided at a concentration of 15 %.




139. A-nethod of maintaining human enbryonic stem
cells in an undifferentiated pl uri potent and
proliferative state under cutt % uring conditions devoid
of feeder cells, the nethod conprising culturing the

human nbr oni ¢ | s under. lturing conditions

'l Uling. LIRSS PSR Aot Erlha=g Il s PG @ concentaton of a

bup@b@m@mned with at | east one growth factor provided

at a concentration range sel ected capabl e of

mai ntai ning said stemcells for at |east 36 passages

Wi th lazdouﬂieiuﬁgoﬁdlafﬂiﬁ 124, whtrelneaig (TGI, A@tuvaled ¥R concentration of

@&O 5155 PCT/ L2003/001030 57 140. The net hod of
zm%W‘BQ wherei n said human enbryonic stemcells

conprise at |east 85 %of undifferentiated human
Ia|n113

enbryqni c em od of.

whor 908 < SRTEINER 126, Shirebeud SFOD A irneacigf bigecntston of a

lamnsmgang of human-derived fibronectin, human-derived
am nin, foreskin fibroblast matrix, MEFs matri X.

142. The nethod of claim 141, wherein said

humari3der iThe dsd dflolatnm €26, iwvhertig sai@ BFGE isgflovided @t 4 ERcq@traxith of 4
pq5|st|ng of human plasma fibronectin, reconbi nant

"Rihan pl asma fibronectin, human ceIIuIar fibronectin,

r econbi nant hunan ceIIuIar fibronectin, and synthetlc
wher ei n

fibr ctl aim
sai d T2l F%e 3818 f%ﬁgﬁ CIgiR a%*%&ﬁ“' is H‘iﬁ’ﬁéﬁ‘? 3 egReRPR P
k&aﬁommmﬂplacenent. 144. The met hod of cl aim 143,

wherein said human serumis provided at a
concentration of at least 5 % 145. The nethod of

cl ai w3614 3 Theverof clains E6Cw kiR faid EIFUS piosidpd £icdf@ntedtioof 1000

u&ﬂncentration of 10 % 146. The nethod of claim 143,
erein said serumreplacenent is provided at a

concentration of at Ieast 10 % 147. The nethod of

cl ai 43 wher |n s eru Iacenent vi ded,
at a oncérH? psgor gl heggin biImeR embEIORS gteptcefl prepgation

cobdisesvn Bagisn %aﬂnﬁhdmerehmaihuaﬁ@e@mwma stbRGEIY, 1S
selected fromthe group consisting of TG-(31, bFG,

and LWF. 149. The nethod of claim 148, wherein said
TGFJ 13B. i STﬁH @ ol gimA26 AvheENG R Huidh e @BryoRio @8mQklls maintain a

doub u?g tolme of at %ast 25 hours.

139. A'method of maintaining human embryonic stem cells in an undifferentiated,
-pluripotent and proliferative state under culturing conditions devoid of feeder cells, the
method comprising culturing the human embryonic stem <ells under culturing conditions
including a matrix and tissue culture medium supplemented with at least one growth factor

provided at a concentration range selected capable of maintaining said stem cells for at least

36 passages with a doubling time of at least 25 hours.




WD 2004/ 055155 PCT/1L2003/ 001030 58 150. The net hod
of claim 148, wherein said bFG-F is provided at a
concentration range of 2-8 ng/m . 151. The nethod of

' wherein said LIF is provided at
\g(k))%gdé}r?t%rig%i on range of 500-2000 u/m . 152. ?Pﬁgm‘rrzeotoﬁ%udwo
of claim 139, wherein said culturing conditions
i nclude serumreplacenentszat a concentration of 15 %

TGF(3]1 at_a concentratigon of 0,12 ng/m, LIF at a

conddh rﬁbfaff? b iAo Whessis fidRingn goryonic stem cells
c&%{l}ﬁ@ﬁﬂlé@i PN of indiriientbred MR ad L& cells. _

PCT/ 11. 2003/ 001030 | SEQUENCE LI STING <110> Anmit,

M chal Itskovitz-El dor, Joseph <120> METHODS OF
PRERARI N%E%Eﬁ%ﬁ Lisr i1 R WAl GVBRYGNLE
STEM CELLS A S%E%EEF@{@% PREPARED US| NG SUCH
ZIVET [40Dgsting 30> heaanderived dibroredting 1 onanRipriaed |laminin Sorgekin
ﬁéoﬁﬂt%%>@<%%zs <212> DNA <213> Artificial
L 6 <

sequence > 3> Single strand DNA
ol i gonucl eoti de <400> 1 gagaacaatg agaaccttca gga 23

210752 Thd teitod of Fths 147 Wheferi said hihdd-fdrfea SERAAERRSs

selected from the group consisting of human plasma fibronectin, recombinant human

plasma fibronectin, human cellular fibronectin, recombinant human cellular

fibronectin, and synthetic fibronectin.

143. The method of claim 139, wherein said culturing conditions include

human serum and/or serum replacement.

144. The method of claim 143, wherein said human serum is provided at a

concentration of at least 5 %.

145. The method of claim 143, wherein said human serum is provided at a

concentration of 10 %.

146. The method of claim 143, wherein said serum replacement is provided

at a concentration of at least 10 %.

147. The method of claim 143, wherein said serum replacement is provided

at a concentration of 15 %.

148. The method of claim 139, wherein said at least one growth factor is
- selected irom the group consisting of TGFp,, bFGF, and LIF. .

149. The method of claim 148, wherein said TGFB; is provided at a
concentration range of 0.06-0.24 ng/ml.




<220> <223> Single strand DNA ol igonucl eotide <400> 2
ttctggcgcc ggttacagaa cca 23 <210> 3 <211> 24 <212>
DNA <213> Artificial sequence <220> <223> Single

whhai@ssMA ol i gonucl eotide <400> 3 tgcttga
tgctgatgac aggg 24 <210> 4 <211> 24 <212>q%§¢?%%T?¥”°

Artificial sequence <220> <223> Single strand DNA
ol i gonucl eoti de <400> 4 &Bggcaagtc agcagccatc tcat 24

<21 5 11> 2 13> Ar i al nce

£ 30002, 758 i oF 5m, P ihg Sl P Rpevess s
ccgmrggmmgﬁgecnfgm@mt g gggaa 25 WO 2004/ 055155

PCTI | L2003/ 001030

151. The method of claim 149, wherein said LIF is provided at a
concentration range of 500-2000 v/ml.

152.  The method of claim 139, wherein said culturing conditions inchude
serum replacement at a concentration of 15 %, TGFpB; at a concentration of 0.12

ng/ml, LIF at a concentration of 1000 u/ml, and bFGF at a concentration of 4 ng/ml.




2 <210> 6 <211> 25 <212, DNA <213> Artifici al
sequence <220> <223> Single strand DNA
ol i gonucl eoti de <400> 6 tcccctgaag aaaattggtt aaaat

Wb 200943035 7 <211> 22 <212> DNA <213> Arti figeds@l 2003001030
sequence <220> <223> Single strand DNA

ol i gonucl eotide <400> 7 gagtgaaatg gcacqatacc to 22
<210> 8 <211> 22 <212> DNA <213> Artificial sequence

<220> <223> Singl e strapghdNA-akL1 gonucl eotide <400> 8

Ilgtcmt ctc ttcttcacct tc 22 <210> 9 <211> 22 c212>
&, hLlal sequence <220> <223> Single

SLr q@ngNA ol | nucl eoti de

DS OF PREP EDER CELLS-FREE, XENO-FREE HUMAN EMBRYONIC STEM
CELLS AND STEM CELL CULTURES PREPARED USING SUCH METHODS

<130> 25365
<160> 24
<170> PatentIn version 3.2

<210> 1

<2ii> 23

«212> DNA

<213> Artificial seguence

<220>
<223> Single strand DNA oligenucleotide

<400> 1
gagaacaatg agaacctica gga 23

<210> 2

<21ll> 23

<212> DNA

<213> Artificial sequence

<220
<223> Single strand DFA oligonucleotide

<400> 2
ttetggegee ggttacagaa cea 23

<210> 3

<21ll> 24

<212> DNA

<213> Artificial sequence

<220> .
«223> Single strand DHA oligonucleotide

<400> 3
tgcttgaaty tgctga;gac aggg : 24

<210> 4

<221> 24

<212> DNA

<213> Artificial sequence

<220
223> Single strand DNA oligonuclectide

400> 4
aaggcaaghboe ageagecate teat 24

'<210> 5

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Bingle strand DNA oligonucleotide

<400> 5
getggattgt ctgcaggatg gggaa 25




<400> 9 ggagttatgg tgggtatggg to 22 <210> 10 <211> 22
<212> DNA <213> Artificial sequence <220> <223>

Singl e strand DNA ol i gonucl eoti de <400> 10 agtggtgaca
aagpegisags ca 22 <210> 11 <211> 18 <212> ONAg2b3d01030
Artificial sequence <220> <223> Single strand DNA

ol i gonucl eoti de <400> 11 caaaagagtg tctgtgag 18

<210> 12 <211> 18 WD 2004/ 055155 PCTI LL2003/ 001030 3
«212% DNA <213> Artificial sequence <220> <223>
SiNgky strand DNA ol i gonucl eotide <400> 12 ccatgtattt

20at bgPcilBseqrat0> 13 <211> 32 <212> DNA

<2205
223> Single strand DNA oligonucleotide

<400> 6
teccctgaag aaaattggtt aaaat 25

<210> 7

<21)> 22

«212> DHA

<213> Artificial sequence

<220>
<223> BSingle strand DNA oligomcleotide

<400> 7 .
gagktgaaaty geacgatace ta 22

<210> 8

<2ll> 22

<212> DNA

<213» Artificial sequence

<220>»
<223> BSingle strand DNA oligomucleotide

<400> 8
tttectetee ttetteacckt tco 22

<210> 9

<21l> 22

<2312> DNA

<213> Arxtificial sequence

<220
<223> Single strand DNA oligonucleotide

<400> 9
ggagttatgg tgggtatggg to 22

<210> 10

<21l> 22

<212> DNA

<213> Artificial sequence

<220
<223> 5Single strand DNA oligonucleotide

<400 10
agtggtgaca aaggagtagc ca 22

<210> 11

<211> 18

<212> TDNA

=<213> Artificial sequence

<220>
<223> S8ingle strand DNA oligomucleotide

<400> 11
caaaagagty tctgtgag Tois8

<210> 12
<211> 1B




<213> Artificial sequence <220> <223> Single strand
DNA ol i gonucl eotide <400> 13 atctggcacc acaccttcta
caatgagctg cg 32 <210> 14 <211> 32 <212> DNA <213>
{ sequence <220> <223> Single S”"’lﬂ:qrnﬂ}ﬁmowso
%lzg%ﬁ]g%ﬁéeoti de <400> 14 cgtcatactc ctgcttgctg
atccacatct gc 32
3

<212> DNA
<213> Artificizl seguence

<220>
<«223> gingle strand DNA oligonucleotide

<400= 212
ccabgtattt acattgge is8

<210> 13

<21l> 32

<212> DNA

<213> Artificial sequence

<2205
<223> Single strand DNA oligonucleotide

<400> 13
atctggeace acacctteta caatgagetg cg 32

<210> 14
<211> 32
<2125 DRA
<213> Artificial sequence

<220>
<223»> Single strand DNA oligonuclectide

<400> 14
cgtratacte etgettgety atccacatct ge 32




