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WD 2004/ 055155 PCT/1L2003/ 001030 METHODS OF PREPARI NG
FEEDER CELLS- FREE, XENO- FREE HUMAN EMBRYONI C STEM
WERHIOWSSAMD STEM CELL CULTURES PREPARED USI NG BAIVH.2083/001030
FI ELD AND BACKGROUND. OF THE | NVENTI ON The present
invention relates to nmethods of preparing human
enbryonic stem cell lines using feeder cells (e.qg.

MEEBHE DS &St PREM?{IN@FEE’DER@ELE@FR@@ KENGYREE HUBEAN
EM%EW%{I GBS W0 &TEMEES CBY TRaS PREPARED BSANG

el ng mal nt ai n an undi fferenti at ed,
pl uri potent and proliferative state in culture whi ch
is free of xeno 10 contam nants and feeder cells.
FIEI AN BACRERORSD!GF (ESA)VENEIaN totipotent, have
the potential to develop Into any type_ of ceII and to
geﬁbfr atqgerstnvalpe relatesite saashods o axersFing digipap gmbryonic stem

ncl udi ng “or
R L T R T
xenoPftelQURRE s e @nd’fafl;ttéﬂrﬂ celle whivh st fcfap'%fbﬁﬁbf adih®maintained in
thereof will provide a 15 powerful  tool glabl e of

an uathfi@rqngaﬁeédplgapotamghferﬁ% Stopg mﬂ&ﬂu&f‘aw oy fiee pf zpno
cont%ﬂﬂla &%g@ééd& Gafs €l ds. Potential applications of ESCs
Far rangi ng and i nclude drug discovery and
t eEtnbﬂg)m@ sear aélIsO(IES@‘S) delingstotipotest)davatie mtemris td develop
uselntrans | ant ati on, rodgctlon of bi.onpl ecul e

into f”@é%yiPﬁQ Pﬁlé i EDETAIG Y §PC PERSHBRIRIEPRRPAYPart, including a
Whofaéggl%g é@rﬁ%cfl agi F' Péét&gt}fab ?hes'éllbiﬂ? & pfl)e/‘i/d%l ARTR0 CRInal

ogi ca OCesSes exanpl e,

humei Mam @ﬂﬂ&ﬂhaﬂdytoempmpuhu: the dbﬁerbmt&’anoabh@e@iﬂ/mll prov1de a
t her apeut i | ant af i on, of ES

powexdih 0] eyl ATk Rosice! fhGBssan B HPREuHH Wil and

sc1eﬂ1ti“ﬁ’ce ﬁ'eid@ PoeRlial UpRsliRs rfﬁ" ES@éJ%re g dah@HE @M ainclude drug
(CGearhart J. Science 1998, 1061; Rossant and

dlscmeegy and\mstmg geheratioh of q_@ggtlssne?s az@)orgamémeusarle transplantation,

bR 5F iPARH F  Se o5 PRy g5 gopnnc

and NHEMtESGhi Nstady @mddefvfampﬁﬁhﬂaataﬁd &hat BlOE%l@ﬂJ'}iI’U(EdS&S For
nmust be supplenented wth factors which maintain cell

exapplg) fliseasas pPrspentlygxpsrted tosbe dreptablg; tyf pr@neytist rasplapigtion of

EsAY &3 %gﬁedegtv% ' %ﬂ% Gh&¥de bgrk?r%ghi ' &Qeas% oéar&l% llnfaﬁctsﬁ&uvemle-
I epl i'ssue regenerat| on t’her api

onséfﬂi:ﬂoeteSQnBIﬂiais, bed teiukemie(Gearhat ToPqbetel 99@; 2Rfl:10G1e Rossant
envi ronnent, and in the gr esence of well- defined

andé{ﬁgy’l}?l?tﬁ?@@??&hﬂ%?slw h enable a conplete
r ep[rh%f%u&%,' H&V@fﬂ,@g&iﬁk&ﬂ herdles to the practical exploitation of human

ESCs.

In order to maintain human ESC in an undifferentiated state ES cultures must
be sﬁpplemented with factors which maintain cell proliferation, inhibit 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 nethods are mainly
based on the use of feeder cell layers which secrete
wo 2otosd5heeded for stemcell proliferation, whdT/E.2003/001030
the same tine, inhibit their differentiation. Feeder
cell free systens have al sQ been used in ES WO
2004/ 055155 PCT/ 1 L2003/ 001630 2 cell cul turi ng, such

cellztigltﬁgﬁfl?% st g%&&aﬁﬁfié&?ﬁﬁﬁﬁ? Mp el With I@eﬁlgrg, %orkuﬁ% ea.nd

es an r om actors-as a replacene
groWiheletorscas| d replay@nent Feratle feclayet] lbgsed cul t ures Muse

feeder |l ayers - The npbst comon nethod for culturing
ES g‘?ﬂ?"s’%%’g@eﬁég ¥ n nmouse enbryonic fibroblasts

( VEnbu@S fRabehfers Sahk they fomdRPhRIRAL ﬁg_c‘Mﬁlﬁﬁ ttl)E%Sf’gér{E is

cul ture ‘medi uni contai ning serumor leukema in
bas¢cen mougd ¢rAryamicdtbrold egppOVEE) asvefepda defl daymt sapplemehntedwith

ol G55 LR BB FRE Bl SRR LI e
supPpBrEsstaa plolifSratidi? BEB theWhurfpbB28Y of tHeHH YR [?’h&h%ﬁzlgg!ﬂskovitz-

ines derived from human bl astocysts. Science :
Eldor 45SlapiroSie Wrkndt MBE Sviergiel NE, MeastgliCySTdonassid. €998).

A ). (Enb i c, st | liges fr
AR Lot SR B iR BTb Bt oSG, P L1457
Reubatoff BEOP&E MBI Fong&:, Tré@Rod 84 BonMeFA c@LLS). BRbrigfié Med cell

. fromday 12-13 nouse enbryos in medi um suppl emrent ed
linej from haiman Wagpestss spmatic Uiirsentiafies dn odneli NatoMoteghnod 18:
EQusel € | ined j l.tur s pluri ent..
sooER M DS LR R A S LR Sl

supplenehiedvaith febed bacine rseisit. CEnddriahe¥ eonditithd OuIERS eclisan be
cells, the presence of exogenously added LIF does not
maigfanednin gylyre A8 rpIEPoteR Hemhesisn PrSSevalg therTplgRobpicabtand

:ence Carl ; igof t .
B e Ao el e T, V986 Y el e e, of
exogsmusly dddedl &IF detd sotqubrentdifiesdnltiytiomof kanas ES hells (Btomson
f uct i es .scal e-up_ of . ES cel |
ot gy |1?§§a§d%1~??ﬁf 22 ?Q‘?ﬁ-’%a‘? iffhat il 286, Nt Fiogiolca; 19
4043T € FRh&RRlé, Coe! Yisd RACLLYG! 8lst QubsRRRAllPEMEERT the cost of

outgrow ng the stem cells, hence it I's necessary to
prodipiens askmakesestale-webf Buthan ESawch @tuie iniprgctizhl. hdaditiogaly,

ultur Si nce,at. esent . the separati.on of feeder
the FHob it 5 B B RS pis e ERRIE PR, SHteviine i sem
cell§,Uhdndé & i§ alRBEkark o eaké GleSH Fdellen&Ns YL Bachl §BER s 6€himan ES
| ayer-prepared ES cultures are not suitable for human

cultiffer gispe appresente die sepamtioniof deader eell compencols vem embrapnic
cHBGARLE5, ) QoL BV DR SRS e o
ES ¢ldf@es) arp Aot duithble for human therapy.

ES cells can also be cultured on MEF under serum-free conditions using serum
replacement supplemented with basic fibroblast growth factor (bFGF) [Amit M,
Carpenter MK, Inokuma MS, Chiu CP, Harris CP, Waknitz MA, Itékovitz—Eldor ],
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
under 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, Chiu CP, Harris CP, Waknitz
MA, Itskovitz-El dor J, Thonson JA. (2000). Conally
waleruwssdshunman enbryoni c stemcell |ines mai nt BETIL2003/001030
pluri potency and proliferative potential for prol onged
peri ods of culture. Dev. Biol. 30 227: 271-8]. Under
these conditions the cloning efficiency of ES cells is
Alth‘lbggb TS s é&;ﬂa hits & Ba%r%@hﬁéd fc&lhﬁt: 0919 11D, I8E Hf@seﬂc@ of mouse
tlon l owm ng 6 nonths of turing under serum
cells axﬂhacelnma texpdres ES hpmhdnscudtuiid fo patliagend whicheestricts their use in
ll%l urltgotency as indicated by their ability to form
cellibasedt BFFARY-whi ch contain al | three enbryonic germ
| a)ﬂﬁfﬁan Vo2 RBrobmestir Tddhiltifahl iQQ EPRReliab colis dxOfeeder cell
this system'uses a better-define ul'ture conditions,
layarye Poweerte colls waude grosin gnd nnamf@m@dl ysifie hémnsmbryomc

ﬁbrg@gstf, Qr a@éﬁ%ﬁ@ééﬁgﬁl a1t h@g € erglrcg\??% E)S gl'% lgﬁ{u%aﬁ lP adbr cells

the hinRb e HSasd|Is e@hlbﬂqwrﬁlaf bﬁtrkﬂkalﬁie pRkpiEatas activity,
f eeder cell | ayers - unan S cells can be gro
cxpesng O R e i el AT EREES InglpOnEISEA 3, SPEA-4,

N ey e

chaiﬁ@t’eﬁ@ﬁc)épﬁﬁch@ﬂtﬁw NFowyd IGA,i ORarp IWIKp |W61@g5 S @Bongisd YA. (2002).
express Cct-4 and ot her errbr@nl c cell surface markers

Humie esdets @um@@prslonsgtm% ereqpfigled pyvth of Jumenipmer celbpsses

o, BEBLORRS oLy GNP paROmi i o, o BhAG o
disdd€antBgmnoSusidg hRao 2)nbrydrhmﬁbrcfomtkemsachaltpﬁaficl)mam rhdieoepgﬁhdhal
cell nmass

undi fferenti.ated f man i nner
cell i el S 6 164 bl hese qal Ien Yo R hiled pAgveeg SDasity of
V. i
ol {48 B SHAL 5l 29 et o
prob)pgm‘u ebitaiing petidd te E8ecdls mestl be igowhain khutrianofeeder cells

cell lines, have a d passa apaci t.
origifAiG 5T SIS HRSR IR Th G RS A Trpogfy dh ciffure
conBfthenged ES growt h period. For a prolonged culturing
period, the ES cells nust be grown on human feeder

cel Feresiinifeadendangrs r&mnlngS #Flls oty) e paltuapd en hugwp) fprpskin
fee#_.é? I%Q:& IaQ %is%%%géjl Vg's. 6}391{ ;%HX NQ Eg.l%ééj(?éﬁs ﬁ(gﬂ%gﬁé \48A%ed feeder

ayers -

cellduydrsicakisoof b uafﬁplefemxﬁmkl ﬁee aﬁmfoaméﬁf sdiapkrfoasulturing human
di scl osed_in U, No. 10/368, 045. Foreskin
ES gells. v@ﬁa@@a%rforeém cqllafépsbeclawgtasqedom aligEnfireaselong as 42

pas%gegghcgrtﬁ ir ecﬂa QWY%FH@( | ESf 1s S tfl“di)'rélgtnha"l'?%nstant

In ce S can
envirahment. nednder thﬂ:lsds uwoaditions ahe | mngamEA 2ells were found to be

functionally indistinct from cells grown with alternate protocols (e.g., MEF).
Following differentiation, ES cells expressed genes associated with all three
embryonal germ layers, in vitro, and formed teratomas in vivo, consisting of tissue
arising from all 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
wao b@gesaendi tions the human ES cells were founeCT/L20€3/001030
25 functionally indistinct fromcells grown wth
alternate protocols (e.g.,, MEF). Follow ng
differentiation, ES cells expressed genes associ ated

systé%st tvoaidl sthme%ﬁlre RO EHANBheSRT FobalY %ffbotn feelid faQers 3Ad hES
ornmed teratomas i n vi VO, consSi sti ng of tissue

cellsa rTh@rerﬁgre;‘ feedar zklls-frne eldttgmgmylsfasne theve beenalgué¢lopah,

ian epithelial cells or human
n’gll"’fifﬁlcﬁ rﬁ?ﬁ'fjf'ﬂg human ES cells cul tured on

f OS%%kbé]lsfcﬁﬁ’ derdvay el § SR WRERe BRIH st thabdllutashdti e (e.g.,
}@?pl uri potent and undifferentiated state for at
Matmsﬁal

o7 lanpiied diy dke Prasenseert, a ghifure ugtditmr ddrlilee Esfl¢rdbased
cule G0 WA Bl R Sirk B D o JORfts B B g Bt amd

whiddehlay dedilingdndual t€ll pepdlhesBNeRem belswe®mnSep dealee cells-free
bat ches. I n addition, human feeder | ayer based cuI ture
systeas ooEasibssPemtedirm the sartes: (B cultusswedivm Yasdifar growing

the ﬁ%éaﬂ'l lec%:llsr & SA ﬁ%%ﬂ)?s a%%cﬁl&?&%%?fg{t%ggtﬁatgelta:ﬂdfp?(?lggtre their

grov@thl duch | 3gMVBFstemiditidhat enbdien ael FGPed Homesde rcoﬁﬁhd»rﬂy used
free cultures Stem cell 3 can be rovvn on a
é

fecdgy, FallsdEeesTRNTIAR SaFicms tHilice AR @nipalrhaeed szlatr@( éeg Vigtrgel™™)
sude&gléI{l}%?lvﬁﬁ%ﬁ{ge fo?%b{?ih@)seﬂuﬁl LR & rﬁ%@%\‘%ﬁ onéd il fxu C,

eeder-based cultures reqU|re
et alt @@Oi;) Faéden nebufeggrowtln of)tﬁncﬁffettdanate@hﬂlmamerdbabam staph kalls.

ot Zifteeg -k U] BBtabroresinl s ok 6F el Bt Sbecetasscfirpier to

the ﬁﬁn@ﬁf@g edl1sf flﬂ%&ﬁﬁroﬁﬁﬁﬁlé ‘f@tureTctl&u?al}' hpilctismdi um used
for gromng the Stemcélls contains factors that

ef fA@cmﬁmhgr disdodsidtindy £f Eatertirdt Non1@A68, @4@@@@ celiean be

u 0 0] nedl um,an
culeig 8 drbld S bRl R st PR o By 3Bt Pt ppecium.
Hovidvet, G5 miédidoh Z@thatptopresant ab asiach] Rk kisterh & ot not fully-defined
Matri gel RM suppl enmented with nouse or bovine serum
in tegms @f EHUKEFOTBRORAT oned medium [Xu C, et al. (2001).

ot Sletpl {6 i il gHBSEhOHER' (kG JHRR defined
cultdai cﬁdmgm@ﬂﬁ)ﬁrﬁtllizh& Maitsigelobr damhiftal syrdicho gad a mlxture of growth
cross-transfer tci‘?s@w the human ES_cells

factorgnp Hemekstn s rdisdlpsed dp; HrS: Aot apppli N | %99%00];@819 gunder these
comﬁlHBﬁJ‘@ﬁl C&'Os’fd %Eﬁtﬂe t % egﬁ&d uﬁﬁ@feren’ffgted chp %ﬁ&pgﬁggy In

stem celI's can on a matrix surface
addsioppthe stent eellsvinttherf emhdstcdr& etativelydshooridublimg tohe rmd A0 thowurs,

Whi?? SY&ES Vertp é{l{}etfle n&m F%ﬂq 6'0%121%"1%@1@?@3&18 rFseeazglm‘”ittnIetmil 26(5(? eDev
Biol. 227: 271-8).

There is thus a widely recognized need for, and it would be highly
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.
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in ternms of culture conposition. 20 Recent attenpts to
cul ture human enbryonic stemcells on a nore defined
w@iossasTonposi tion utilized Matrigel or | am PEHIL2003/001030
surfaces and a m xture of growmh factors. However, as
di sclosed in U. S. Pat Appl, No. 20030017589 under
these conditions only 50- 570 % of the cells exhibited
SUMﬁSP%TeﬁFI &g eLIdN Mor phol ogy. I'n  addition, the
xhibited a relatively short
d o Akcbmrdglgttb roee abpetOofithe psese@Sinwhition therggeptovided atméthed of
m ceI S, bec nori gen see Am t t al

esta Ing @I ggder o8 g?rfgll'iw@}an errﬁbg,ygg}c STFWugCI]a d@P?}’%e 09 "being

malrftﬁﬁ&g Nh zgd uﬂ@i?ﬁrénﬂﬁteda%ﬂlﬂﬂotéﬁ? Und BeliliraheY state,. the method
advant ageous to have, feeder cells-free, xeno-free

compmmg:r(iah gb‘@yrsng humeapmblrﬁorm sterpatellsapmd ﬂ@ qvitm;ng Hg human
at i ve J ur i

e i e e st o Cngfilt P TP (RS gy g inctuding o

matrid Thd attisQRs cul 20Khi:0 28 O\#ﬁl@m@ﬁﬂ;ﬂ k8D QSFBP IIXEF aRd/or LIF to
SUVMARY OF THE | NVENTI Accordi ng to one aspect of

ther¢tyeohpaie stenfieedancells-frembuhan enblsyopxccmml eell hnemet hod of

g:h%%{)ﬁld?}g @gaﬁgf eegﬁﬂ Cel | Sh %ﬁr@gﬂa e eﬁe mq:)o%1merﬁs the
methaohfrfher @&hbﬁ&ﬁ% 1oty !aR:@H §m aRE hBfeh 'eﬁ‘ﬁﬁ'?dﬂlé/ Stem cell line

state,. the ne 5 conprising: (a) obtaining human
resublat$riym step @)&ndceuhle@ult@mg qdm)htmst uri ng the hunman

tem s und cul turi n ons, devo
o Aeb@ilife T4 oE, sSpotl g rstol A 0g o2 R, EOYRIA o
metlidd b8 pRopER R SHBRAIE RBIbREhi WVstehn -Eal_'(lﬁib 1rb Eﬁirﬁﬁﬁra{tlated
LIF to thereby obtain the feeder cells-free

huma
plurinetsy and Efoéltfféhﬁl‘(:eeﬂ“lte unds culkpring enndiians deveie 19é feeder cells, the

e L e R R
and RUTKBRe EWTRIrY @i¥dsurs sepplembhted it TGBRY ILFGR arfcv@nmt ®Rthereby

(b) under the culturing conditions. According t
maigigigt Her cellspel theohumpre eptbsxeme steny ealli line tthen émdsfferentlated
f propagating a human enbryonic
plurgicger%tgrg#jpl% 1féi[§tt1\tkns 25[% undi fferentiated, pluripotent

ancheoaling e gt atdtisdr alspedtindelic ptdsémrmﬂ@tlc)ﬁﬁﬁtrbu@ psovided a
devoj d of feeder cells, the 15 nethod, conpri si

methed ?ﬁ?ﬁt%wl@eg|asfeeéertq%1és-ﬁrﬁﬁﬁﬁméﬁﬁm}aa¥ﬂnéc SeeReldine qapale of
beln%ﬁlﬁ ﬁg e%i éﬁ an %ﬂ%gﬁg%ngl%&ﬁe %Hb&tléﬁlezﬁfgﬁggl%a%ﬁ@ Rlafra rﬁgthod

IFto y maintain the
compeking: () dbhaemhg famasrdmtygoiic see eltslahd I(bnenlfupingrthe human

embllj'{)o%cf: fs1(:eerrr(1e r«]:te ls unger culturing conditions devoid of feeder layer cells and

including a fibronectin matrix and a tissue culture medium supplemented with TGFp,,
bFGF and/or LIF to thereby obtain the feeder cells-free human embryonic stem cell
line.

According to still another aspect of the present invention 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 imedium supplemented with TGFB;, bFGF
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pluripotent and proliferative state. According to yet

anot her aspect of the present invention there is
w@eanvosiass a 20 net hod of establishing a feedePCT/IL2003/001030

cells-free human enbryonic stemcell |ine capable of

being mai ntained in an undifferentiated, pluripotent

and proliferative state, the met hod conprising: (a)
and/gpFﬁl' t ﬁﬁr&#@ﬂn&fﬁ’fﬁé%ﬁ]&g of IR Rufbinl Sinbi3Piic (sPe)én cell line in an

culturing the human enbryonic stem cells under
undifferdntiniedgploopalient amd praleenitide sthtef eeder | ayer cells and

including a fibronectin matrjix and a tissue culture.

o QT ) BBt I oT o0 Broosst TRt S (e o
methEELEIREALMN 1480 f 88deked?! dhs-Hemibeyiic SRR YONlife of a
stemcell Tine. According to still another aspect of
spedi¢se oppadentf i beiemt nemtaitedr éni gn pnodiffdeantiated neltmppterft and

prolfaRFY apisntiedpERon cpr e eheo e sy bl S s ap )

cul e theCphBrybhid Gt Relild Lt cERVPAE cditi @RARNofdebt feeddrnRlls
30 nmethod conprising culturing cells of the human

and gwehe yorfaminanisarskeincludingea spectes -fdapivedh aeatiin and rissug pefture

T S BT AR ST M T o

the §geeleeby maintain the cells of the human enbryonic stem
cell line in an wundifferentiated, pluripotent and .
pr-ahgopEding fo xet op additiond aspest abthe prepsntiayentiosihere aspravided

o . o p )

o el BHFEERg UL UG o BV 8 it

plurgpodeny and pralifemivesdthtelunder cltudng bosibaiseiveidpdiiéatenéells and
bei ng nmaintajned in an undifferentiated, pluripotent

xeng QnisFErAnte the meghas eRnaprisinee CHBEMEPtls A8 rthe FPgies gybryonic
sterRERIALS £IRLIQN Gertle8 Thtfk s Lo RhiltyUnbBbhT O 1hBRby

enbryoni ¢ stem celI's under culturing conditions devo
maiofairf ¢edeellscef flge spuoibs xamioryonintsterh neetit Eneaid ahneddidderagtiaed,

speci.es, - rived matrix and a tissue culture nedium
plu‘?lg)t‘f‘ljié‘P%BVq@WQY%Stfuﬁe xeno - free, feeder cells-free

embs §dRdifig % 8MaB&ikibndliadFec@bf tHOprbhtt SRRANSS thefE KO5EVIAEd a
to yet an additional aspect of the present invention
cellt galterei sopoisinge dmdifferentiated, opluppelsalgandn goralifpativice siuman

enbr.yonic stemcell line in.an .undifferentiate .
miSi¥ St S St bt R E LR BlsEbumtistly free
of xepndinkli R Fecddevdlistofandi@p@er cells and xeno

contam nants, the nethod conprising culturing cells of

t heheeting & @ fgthep asnectof the present inventip there i Pspudpda xeno-

free(,:I ?Jehgrec%llgﬁfere i cﬁltﬂl@%y@teﬁi &%@isﬁfﬁl 4 ﬁﬁt?ixr%qi MishO clifs ﬁf%}ﬁum,

the xeno-free, feeder cells-free culture system being selected capable of maintaining

human embryonic stem cells cultured thetein in a proliferative, pluripotent and
undifferentiated state.
o According to yet a further aspect of the present invention there is provided a
method of treating an individual in need of cell replacement and/or tissue regeneration,
comprising administering a human embryonic stem cell preparation being free of xeno
and feeder cells contaminants to the individual.

According to further features in the described preferred embodiments the

method further comprising preparing the human embryonic stem cell preparation prior

to the administering, the preparing being effected by: (a) obtaining human embryonic
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mai ntain the cells of the species enbryonic stem cell

line in an undifferentiated, pluripotent and
w@e@iiosasati ve state. According to an additi onedT/H2pEM01030

of the present invention there is provided a cell

cul ture conprising undi ff(rarzenti ated, pluripotent and

proliferative human 20 enbryonic stemcells in a

sterfy Ubdildr eanH‘e@P U1t T @k Mhidieh CRlHry&HE tHER EQls under culturing
substantially free  of xeno- anéyor feeder cells

conditionaiemeidt of. feaderoedisnand: merw tomtamrantss put incdddinge human-

resent invention there is provided a xeno- free,.
derivgg dironesiin 03t ng A fiope WuteeRe Hﬁbﬁ?@qﬂ@e edaifh TCFB1,

bF(?:ES ?tll(gmf‘ IIF%?H ?llﬁi%gdﬁr %%Ea;g?%m ein g s 2 eg?fgg{ %glbpg bﬁgﬁn'
mai At@irdingdo 265l hmehereaspeoy ofiitlee gdesent ¢@tention thereiseptovided a

herein.in a proliferative, plutipotent and .. .
melyof painiinfighuag RHEYOHE s 1 6 YeqiFiontipteepturipotent
and®SBAfdratBle 1€ uRHES&MurinB \BRAitiBAs HERNE off FeddeP LIl Ghéimethod

net hod of treating an individual in need of cell

comatsing ewlbminga e/ bumen ssbsyqnegstesy aellpinder gwlpyring pepditions

. mnisterin human enbryoni ¢ stem cel |..preparation

incifarh il Bt Gl Ry CIRGRE shuP bR EE wigh bR 2np owen

facfo® pfdvedddnil ia\CofltEakrati e FREE dlectédcdpdbletmdifRink S helsfem cells
t he described preferred enbodi nents the nethod

for pideesiop pespes Kithg dpetdppartivyof 44 deastidiahowsror yoni ¢ st em
cel Ac@orr&%%rté‘ LR q:uxgl?e'ér? aet%}eg ir‘_i Gk% (fe @%nel é]r%feln% ’engbtz)%iments the
y. (a) obtai

pr epari ngebei ng “e I'Ng hufman
ma@ixik ¥ Gdirenedih 2264 055155 PCT/ |1 L2003/ 001030 7 stem

cells, and (bzﬂlculturi ng the human _enbryognic stem

cel fscartiag to still dithesdeatirsn dn theotrscrdesdoprafested esehpdiments the
o A A B oSt O Sl M M o
bovdnp pliteveectiad Mintdn HBrqRttin, béGmbdmaht ohuhbk filerohé@ing byouse

repare the human enmfiryoni.c stem cel |l preparation. 5
ﬁblgzeesgwmam?wagt mppsegﬁra?%ﬂgfanéssgf@@@%ﬁgmsctmesgn;
| NVRBLIr@RAS DRI fhdhd OMhRS Gy the AREIOD SR JAiRERts the
human enbryonic stemcells 1n an undifferenti ated,

culpiringicpoditions arawabsentilly ea bf yenostoataminaiemd ovHerensitgmatrix

. condi.tions devoid of .feeder cells he t hod . .

is SEBHGH PSP h e Gt PPN & AP &R YUaREs BT golepgmbinant

hurHad @lasfial fibohB@inC AN | id$an b&IRNMIFBSnacti nldirix, aRdombinant
tissue culture nedium ;légpl enented with at | east one

hurgamogl kwlar dibrenecidn mekrey isprtbeti fitgovestident r at i on range
°cL SEL R0, TR S DRI ST Sl e

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

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 further includes serum and/or serum replacement.

According to still further features in the described preferred embodiments the

serum and/or the serum replacement is provided at a concentration of at least 10 %.
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According to still further features in the described
preferred enbodi nents the matrix is a fibronectin
woraiorioss1isAccording to still further features iPCT/H2003/001030
descri bed preferred enbodi nents the 15 fibronectin is

sel ected fromthe group c%nsn sting of bovine

fibronectin, reconbi nant “bovine fibronectin, human

fi Reanem 'tB 'Stlnqﬁﬁﬁ@'l faabfes @I?J‘déstBéH‘ﬁx%Yérfbd ém&b‘&ﬁnents the

fibronec reconbi nant nouse fibronectin, and
serumyemﬂhethecsefunm replasemient, 1s povadeadi atg concestriation oIS Yer

coneting Boillir SRoupas i Sl PRrvtd GiSoduis te
TGF??&W@&M’( a%ﬂcé’iﬁ%ﬁ@@%f ﬁthgasf@t()ﬁ'n)g/mlzo is selected

he group consisting of human plasma fibronectin
matctordingeto stitli fogther featueas iplths descfibét preéatddremtenditosnts the

uman cel lul ar fibraonec matrj x, reconbi nant human
TGF(%éFSlRIP eq ?tiﬂ‘&%@fqaﬁoﬂﬁ%fﬁ)% gZIQLt hetic fibronectin.

AC tB%tlﬁ dﬁ.d'thexf b EE% n EEHLNCEBed gretf&?edd&ﬁ&fdlﬁéqs the

pre erre enbodi nents t hunman e onic stem cel
bFGFumpromiquata;emcantrzht&mstfasﬁea%hig/mmdl fferentiated human

25 enbryoni c ofe t till, further
{ oAvtrals s stlbSckrbiny ikt reheC s fREns te
bFG@% ﬁvﬁfedta%c@ﬁﬂéﬁﬁatfdw ﬁlSt emcell line maintain a
ling tinme of at |east 25 hours. According to

st IAlChOIﬁUIg: toestillf fusthen festuras inttke desstibed prefpresf embaliments the
enmbodi nts t he i.ssue ture medi um further
LIF ﬂsr{GEP‘(f-& a%ae?oﬁﬁ?rgwgiPBPfgtéFfﬁrrgﬁéﬁr cement. According to
st ildcordauet faedtilf Rahbl Ratukdd hBe dekeibbd pebfgkaf @hb&Hments the
enbodi nrents the serum and/or the serumrepl acenent is

LIF Eﬁrmwldé‘ﬁafaq copcemrationtof 400bwdf at |east 10 % WO
%4/ O 11% stﬁ%%g ?e%éug 1191%96 ggsgﬁ%&? Pgérf%geéf gmgédiE%nts the

at ures escr prere

matﬁﬂméﬁaﬁisdbﬁﬁadfﬂﬁbmlﬁmﬂtﬁi the serum repl acemsnt is
rovided at a_concentration of 15 % _Accordj ng

st iAaconding tevtilk Bither features iprhe deseibpd prrefpret %mb@hments the
B BLL ot ol b SRt ot R PR O

f eatacording o stiiﬂeﬁ;dthsmfaatmek inrteé desceibed msbafelmrbem‘sodﬂments the
31 is row ded at a concentration of 0.12 ng/
ceﬂ%@fémpﬁae §PRDPTIC RER CAK AP RHTRUL 2 CRUBRE e oY aglﬁast 20
houRdf ef erred enbodi ments the bFGF is provided at a

concentration of at |east 2 ng/nm.
According to still further features in the described preferred embodiments the

tissue culture medium includes a species - derived serum and/or a serum replacement.
According to still further features in the described preferred embodiments the
species - derived serum is provided at a concentration of at least 5 %.
According to still further features in the described preferred embodiments the
tissue culture medium further includes at least one growth factor.
According to still further features in the described preferred embodiments the
at least one growth factor is selected from the group consisting of TGFp;, bFGF, LIF.
According to still further features in the described preferred embodiments the

tissue culture medium is a species — derived conditioned medium.
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According to still further features in the described

preferred enbodi nents the 10 bFGF is provided at a
w@orvgesiisat i on of 4 ng/m. According to still PC¥/112003/001030

features in the described preferred enbodi nents the

LIF is provided at a concentration of at |east 500

u/m. According to still fUrther features in the

de r

at PRl @ EICRERG RABEE RN Rolddie pldon BERKAEHS e
humﬁnl rehi’memnﬁce sitnr @dlsiane niaintaieside iibad ynddfeeentmtkd, pluripotent and
Qdi nents the rmtrl(y?éis a species - derived

pr°1¥f?rBPB?1%&tFlf?F &35t BaSSaESSr ding to still further

f e@xc%ﬁ?ﬁ% 13 &ﬂﬂefu%&cféaﬁﬁ& Bt %E&fi@e@ wRae e &hBodifents the
feeder cells-free culturing conditions are

TGRf) sspranided bt @/co‘nlcetﬁramfonxmgc dOrliadhaphs. According to
still further f inth escrl re
e P & Tl Bber B o dospeet ScTBRgl FEhrEmepis fhe

[ of at |east 20

bF(%elg Prdﬁ%?cagégg%%h?gﬁ%@gé l?urt h features in the

desocbidénp for gfllefurthar frahwel methe slei;dmdaed tprefewed embodiments the
nedi um i.ncl udes a speci es erum and/ or a

LIF 35019 ’Ee%ﬁi %, equenFatio A&%&frqﬁwg 3&3? furt her
f ea&a&&%g b §tﬂ?ﬁﬁ|§1§{3 raRRes 150 @&k %l%&ﬂ’m& &?Qﬂhﬁo&ﬁﬁms the
25 species - derived serumis provide

cultumgenmiditians orehafe satunh egpdcetiedt atAmooceiltna‘gom of 83 %4, [TGFpB; ata

o Gt P S S v

Coné@lﬁlaggrﬁézf@ﬁ {nqast one growth factor. According to
still further features in the described preferred

enidi pmn@nvtrélonaauc¢®af$ﬂy @ddrespen titehshbeceroings of the presently

I th f. TGF(31, bFGF
knop prconrgeraliriby Py it B fthac O ¢y Sbing 2 dtopapaghg, human
embIPSHE bt*éﬁﬂcdl’lﬂ%{e@ risBE RERYHNBRES, teh6-frdel RRUR %ﬂdiehiér&d stem

nediumis a species - derived condi t i oned
cellp §dugh 8% 1@BatBe Hf| hedan 8Yadgdiogd in gn Anddfear¢migiado phiripotent and
prolféfé{)a%ig'? F%%eﬁgtcu e %1{%%1%{‘? e%eo %%I%?bcg(gnst%% ntar?trg Faﬁ&i feeder cells.
Wailﬂhﬂaésrtﬁbérﬁns!eﬂi@heﬂ ngli f[éoﬁfn%ﬁlt arad ﬁﬂentﬂic&énﬂ@ﬁﬁdt hea¢ifl have
proliferative state for at |east passage 38.. According
the sanesmpaning gy ¢oyeporly anderstood hyrome of exdinary gl lma élfeeérrF fogvhich

this§ h

SRBELITR ek B BaF ISAE Gl ot s
des@fliell hefeiir tdndre dsedmmthespracmwe betediisrof the ﬂrqser&ﬁmremﬁdn, suitable
metﬁ&? od| (rlre rrr]1t21‘cse:r1ta s are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods,

and examples 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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bFGF is provided at a concentration range of 2-8
ng/ m. According to still further features in the
walemansdiesl preferred enbodi ments the LIF is ppOwildees/001030
at a concentration range of 500-2000 u/m. 10
According to still further features in the described
preferred enmbodi ments the %cul turing conditions
i.ncl ude . se | ac co n ' P
reac QbR S, MRS RRGRT PERRS o) BT kPl Bt &8 the
inveOOE EMtthdtregid Glo atRBHt W mhde tdRBoWw kfdrctatal details of the invention
~concentration of 4 ng/m.. The present invention .
in moge detaid than iy ngergrary d&s tpdampripk wrlersiapdmg ofithe invention, the

Ly . . . o
dos R RE Bl pid i BN S s R, O e arthow the
sevegditfosnandfahs inventi@l nay baembodied in preeitber cel | s-free,
xeno- f Ldee culture systens and stem cells which are
caé&ﬁw "8V1%8&i ng mai ntained in an undifferentiated,

p! LFF[GQOIa'@?tar@Prﬁcro phé iIRIBbiNE FR! QlecdIfhicd hid B8 WhbIE tells
is free of xeno contam nants and feeder cells. Unless
growt he nhosimedefivekiibroatdtint reethiniic alfealadcdlsi femtsystem. tShomm are

. Us herei n have . 20 _t he same neani ng, as co
briglp e SE86S Q5yheFEiE E5y Gl SR 11 HHep TP ahy fresence of
serut) té&placetnBhS add V& us QnldEl108S of AdwiRUBRoREINGE: BNdI-6 ES

materials simlar or equivalent to those described
cell hipe erowie amtheepresade dHTGHS 1, Jr I8 cind bF G (T tfongl phssages (size
present invention, suitahle t hods and erials are
bar gepsesepisdPOpeMdnispre Easd-JokS &snﬁfhnieo&rwfl W & 2] passages

o BAEEHSE A0MTELL 19 ST 3o TR B sl

exa

sizé bt febFRbAtY 80 ¢ @pgenQt - I-BtENEgdliddgld®n! inTGFPPand bFGF
( BRI E%E)DESCRI P%Ngl THE DRAW NGS Theglibnventi on[mli S

(TFh éored Onpasieages i(isabarlrgpmesgnto B8 edBnpNetedd ypaced bétween the cells
.reference to he acconpanyi ng drawi ngs. W specific
FigPEteh Bk 2haly b REICH Sy ditonripioal ©OF DygRpGES. cels

(Fighkd 8psed that the particulars shown are by way of

exanpl e and for purposes of illustrative discussion of
t he&flpisel @hrasel inemivoohistenhemisty nierograpbe Hiusiratingntheoyxpression

of sifage plfiies BRbalof BRBLERLReH SRR Ml (e 16 Bs cen
lined 024 A 3l 25 G- dd:RRA3ANOALEE mifixr Badi feyded nebils-Fte@ 0fstem.

description of the principles and conceptual aspects
Shogtn g dluoresgenitimages ¢inhumpansER eglly dinerdod)growapn the piegenee of

T o 37 SR SRR ) B SHR WNE i (KB b
repiefegd SO @ﬂ\? N$ 8K delie gdrWe i tinprebdige o GIM foptIB0paskades mnd
e ar

with th awi ngs making apparent to those skilled in

labelgbwith tanti @y BAfkantibodies (Figure 11, size bar represents 6 pM), I-6 ES cells
grown in the presence of TLF for 30 passages and labeled with anti-TRA-60
antibodies (Figure 1g, size bar represents 6 uM), 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 midroscope (Figure 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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5 several forns of the invention nmay be enbodied in
practice. In the drawings: FIGs. 1 a-d are m crographs
WO kdouws3183 i ng ES cell col onies and ES singl e ceCT/B.2003/001030

grown on a bovine-derived fibronectin matrix in a
feeder cells-free system Shown are bright field
i mges of the various ES cBll 1ines grown on
. n I o )
e o S ol PR BRAE e ol S Rell Pk SRCEEANE Bropwy for
28 pastages BSTF(siké bir epregenmin 00 UM Eidui€sle nael 4odayT6H (F3 derived
LI F and bFGF (TLF% for 31 passages (size bar )
fromdpt eddlelineserowo ) 28 passages it BF (size BarEspreseants 30 wel) gFigwe 2¢ -

iy TL 21 sages ;.. (Sl ze bar .represents .5 ;.
o gl B oahRERARRE Gl T PR B g T (e b
repRAGRAAS 1M SNER thabx AR BRREVe 2ithMliunt gfg %51% Jpd afrovl% 3f the
ES cell line grown in TG-(31 and bFGF 15 (TF) for 2
EBpark dlye ball dike esthimture eponsistery of 3®luivhnar Netithelitie spameded by
betvveeiltt he cells, (Figures la-c) and the high
me%e[%]l"%ﬂ -{sﬁgec@:f%lﬁ?%%)m ratio typical of human ES cells

(Fi 5162 2d-fdlustiateGe edpr8ssiorPéBreprEbam@fieThaLEe ¥ sdds¥derm and
m crogr aﬁ)hs illustrating the expression of surface

ectorgrren selis drrvart fiom ihdiy-plsk BBy foamed fiowl ES celts grhwntin varous
me "aBinaQ% %fn%—céglv%? lflbrm%g{irll | D§Ex Gh oM e, facells-g?e system of the

ovi ne-derive I bronectin matrix iha feed

preset lifvdntieg. EBStEly dshednfréh evaiiou® BSs 66N linksB@2S fRiorescently
human ES cells (line_1-3) grown in the presence of TF

immppposiamesawith yagoumeantibage pedbesi Higwnd -3 el linpogrosa in
4 . > |
Tmé r%)vmg 7% RAS? ?1%3§ Ipa?‘gs g%é‘é“‘%gﬂﬂrﬁﬁg}ég aggb‘%éé%ss élgr‘g%tggﬁggngts neural

spekifeattipalinsiAz hantdpr&ShAd ). paiee -(thé 09r&llline %bm in TLF
bar represents 6 M, 1-6 ES cells 25 (gn;om in the
for ;1 passagesondrirEmuppstaned a5 gusibadigs |daiseted raainsh the smooth

i - TRA- anti bqdi.e i gur si ze. bar .
a8 b YT Bar RPHsEREl Bl Bl £ Sl ool ol Srovmnin ar gy 28
pas¥dgel Oind2 ImpRneagiasd arthg alel@EbsWifréoté tapaihBACEL31 (size bar
anti bodies (Figure |l h, size bar represents 6 M. The

repfaseide €98@ht | mages were captured using either an

i nv ...fluor ] croscope, (,Fi e I or a
confick o ings B RISEOR a-EnRRE0R St fo' dHb@ntdloniadd of the 13
or I-6I B cERd Browhieon A DdvikeddHviell EiteBhdcath i RAtriRfin ER A& Edis-free
rown on a bovine- derived fibronectin matrix in a

systesded of 819 embryeid kadieseRBspideniredatherefiiost. ol'bgRIAPCR reaction
' hve r l1s,g i Nt he eder
g L, 9 1598 Bgites LA bl 9L Wl UF e
thefEbid. 12003/ 003039 cellslglow@Uin €T for- 1 BpdadeoulaneRd BB HY eells
EB derived from1-3 cell line after_being grown for
grown in TLF for 20 passages; lane 3 - 14-day-old EBs derived from I-3 ES cells
grown in TLF for 23 passages; lane 4 - 14-day-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

different batches of I-3 ES cells.
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28 passages in TF (size bar represents, 100 M; Figure

2b - a l1l4-day-old EB derived from1-3 cell |ine grown
wo e4@1passages in TF (size bar represents 50P@V)L2003/001030
Figure 2c - a 14-day-old EB derived fromcell line 1-3

grown for 30 passages in TLF (size bar 5 represents 25
M. Note the external protEctive epithelium (Figure

2b, .of the. EB the ball-]ike st.
corEiRls b ipscals e B et Rt fi the 13 and
1-6 PSS BAIF 1M ERLrolwinS ol @6( dld0 VS Padbdes, FdspBetivel, fin ITTIUSH radb&ine-

the expression of representative narkers of nesoderm
deriynd fibsenestie mpatiix in @l fesdadenelly-dnge fsysimml 4 Teraionad seckiBes include

formed from.ES cell 0 i n.various 10 nedia in a
my S enIes BB Tir QAL b PR, seeiides, (Fgufero) nd scretory
epi®8lildrichee goiet R OfighlReicpr $i86Bhr depesdtitd #nuMEB cel | s

derived fromvarious ES cell lines were fluorescently

i ks baic recimeitthel agymhistagraphs iibediptipg E6ecs]l dolqirsegrown on

- the 1- [1 Line grown i.n, TLE for 22 pas es angd .
= nppAsErE) fiBaneaimGeRi Fib e Sdcaosh: ROT Rl gre
field Pigfighd Gf ttHOULI ES( &dIZ Enb oW R RIERBMES RilMar firéidcein JBr 22

- the 1-3 cell line growm in TLF 15 for 30 passages
Pasgaggs ilintem prasenaserf 1esitageplacinirdiaad the ridt cembiaghemef growth
he snoboth nuscle actin (size bar represents 6 M.

fac irsgure 2f - the 1-3 cell line growmn in TF for 28

PasBHEYE Sd e lififunokisdhas st nfigrogriphb aldiseiatiae HeCEgdession
agai nst CD- 31 (size bar represents 6M. FIG_ 3 )
of surfage mageestypiralpiundifeentiatask el ophupmga I-3 and H-9 ES cell Lines

iffe | At 1- : e
ol AP RLAROHAORAL b 2R Rl FRefcbhom
fludresdet intagkd of fiuream 1-3 EStethlmecdubitiret loa hemiznyelldlab dtoasctin in

(EBs) derjved therefrom_ Th T- PCR reaction - was. )
the SESeaF Rl %?Prémagsg&ﬁ g lébﬁ?gwgan?@ﬁ\ﬂ:& anfibgdigs (Figure
5d)C&H Eﬁi-TRAEF-%ld@%lY@ Qe), (1he hefaR M- oL A8 & el linelélﬁ‘ru'f-%l 68 Hu$nan

growmn in TF fo 9p cells

assages; lane 2 - 1-3 ES
plagmavibromectin Enfthe pPBepaseades; fok dfepdsages sndalgbabdl vEBs anti-

rived from1-3 ES cells 25 grown in TLF for 23
SS‘S§§§]§]§3’§;§$ane 4 - 14-day-old EBs derived from1-3 ES

cel Frss. 8h@Wudthitelhe iR VindBdiFRRaA8E of B cdls-grown on a human
14-day-old EBs derived from1l-3 ES cells growmm in TLF

fibjopect@Ompiaiksunges xeroglige, feederleeligdieesoudiEiBes. dBhawmearefimages of
- I l,s.qr i T, r assages. lane 7 -.. .
to57al, P55, @SB e e S o B0 BN BBy, SRSy v

corfdtiond 2Fgass 64 e Bumdi eeldlaciibrofiédiv @htrixhia the pedseie ofake TLF
verified in the absence of RNA 30 (Figure 3, lane 8).
grongh daqtergifor e prisasesa figues bt hugkasceHulr fbrencgidn magigk in the

i t ghe =2 lks..
880 e 18 AU SRR, Gk 6 b Wb s
fibronectin matrix in the presence of the TLF growth factors for 16 passages.
FIG. 7 illustrates RT-PCR determination of the differentiation stage of the I-3
ES cells grown on a human-derived fibronectin matrix in a feeder cells-free system

and of the embryoid bodies (EBs) derived therefrom. The RT-PCR reaction was

- performed on RNA samples extracted from I-3 ES cells or EBs derived therefrom.

Lane 1 - I-3 ES cells grown in TF for 22 passages; lane 2 - I-3 ES cells grown in TLF
for 18 passages; lane 3 — I-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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12 FIGs. 4a-c illustrate histological sections of

teratomas derived fromthe 1-3 and 1-6 ES cell |ines
w@e@wosFiey 26 and 19 passages, respectively, iPCTTIRo@&N01030

a bovine- derived fibronectin matrix in a feeder

cell s-free system Teratona sections include

nmyel i nated nerve (Fl gure 413) details of hyaline

[ n et e

deriGBl HopP 43 £ (UGt B"ILF BEAChnetelht Aol ofjtne
reachﬁS@vasEraﬁﬁechmethmiﬁqah«:d GfGYN A (Bigags Al T)l | ustrating ES

| d
IS ot HopiadagrovsBryeS o e Loy LR SSnbliAd SRS By PEhE-9
(Flgu.'reekg HEREEB11ds Jrlagr %J%ug%uﬁ@llnll L:d)rﬂf'?tlcgfso"%o% AR orowth

cellular fibronectin for 22 passages In the presence
ratepfof gler lidy -6 phd d&9eiS aclll linkewhien cultioed anitbe bof/mg{ﬁlwwmctm

s P SBREeTER PL LT (AP Re O R S GTPocay e e gaves) or
the "B mg&eg i ‘Ba|an@fc Lteﬂief:ﬁ@al}e N gk %Qrv‘é@' &&n&ﬁat'i‘dﬁm &odth

and ES cell Iines grown on a human-deri ved
factpisppo rtb@ ﬁlnmanﬁbmncctm matfie oldhe pedsercef ofethesTis tcemblnatlon of

ero P ECof il S Rt COPRTTSD o Be Soiao) o 35 oS

feeddr €SIBNERueds STE; B Qiid d,GepREHRIL Hadiblut alaebgd with
ant i g‘FRA—l 60 ant | bodlﬁ (Figure b&d organtl - TRA- 1- 81

( FilgGr &ds 5%91 bax praph itgstrating thesapadity of vasiogs iculigréng epaditions

{ pr
to oJHFBE BN of WRESAREHH G s, AP LR B ert Btured
undkét @Se foldowing| tulgirhgt eoridittonisN Mbiise Oerdlbiybaice fibtobldsesn (MEFs),
hES_cells grown on a human 20 fibronectin matrix

bovipsdhroneotis- oy &, presenssr OQéFﬁFéiprIEealecbrb&‘ﬁE 6h5F BRbyman-

foe i TG ARG T o T GO UG LTcBRai Ao Bigoronectin in

the ble3tH® 0P & GFpHRBIF (e 1‘1“13\,\; HubRhGR6A dclin TR iHe! diafedeﬁcé SErGFp

presence of the TLF h factors for 17 passages;
andFFgIR @ FAliE), bbmﬂmﬁb\t@iebuﬂl ar the ipegsemeatfiDIF rad MGFH @) i»vine-

presence of the TE growth _factors for 17 passages;
fibrppestipdn de presisa Rt bk and bFoE (Fbrasaecioneati 1a theprepgce

o FOESSURE (7 STk B ICTRIRS ARIIOASTD, T

perctintdges ehindafféromimnébgtls feré Beternided mIwoalalySingreamentON a

humandrlvdflbronectln trix in a_feeder .
ce|IfI§Sf§ urawa ESx cqnﬁear@nlbw%} §Spesdli eddogippgiown on
feed%@rde}@?reé EE%*E@E gl)ﬁ(‘l?? o cgﬁfc!r’éﬁr%éiS 6}{3 S wik %ngﬁgﬁdﬁeld

1magesr mﬁ/chd vmhmzfséf& cath 1iB30 grawmeod feeddr c?w:llE&aeesbrd;tsmgr Bigord 9u - I-6
cell-rlll:ne]c gr%w%zorp POres% matr&xapneth% ;;resslé_nge Efs Ti%l tlo“;’ 5 raos\sl\g]gels n(s;gél:bar
represents 75 pM); Figure 9b - I-3.2 cell line grown on Matrigel™™ for 12 passages in
the presence of MEF conditioned medium (size bar represents 50 pM); Figure 9c¢ - I-6
cell line grown on MEF matrix in the presence of TLF for several passages (size bar
represents 75 pM); Figure 9d - I-3 cell line grown on fibronectin for 21 passages in the
presénce of TF (size bar represents 50 pM); Figure 9¢ - 1-6 cell line grown on
Matrigel*™ for 12 passages in the presence of TLF (size bar represents 75 uM);
Figure 9f - I-3 cell line grown on fibronectin in the presence of TF for 20 passages
(size bar represents 38 pM).
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for 18 passages; lane 3 - 1-3 ES cells grown in TLF
for 17 passages; lane 4 - 14-day- old EBs derived from
wa2@4@$16el s grown in TF for 17 passages; | aneCBI:2003/001030
14-day-old EBs derived from1-3 ES cells grown in TLF
for 17 passages; |lane 6 - 14-day-old EBs WO
2004/ 055155 PCT/|1L2003/ 001830 13 derived from 1-3 ES
ceI g F sage C 0
ILI%}rseggzr? 61'%&\/%% {1/159)'1?%3(&1 R& qn% or" ;ggoﬁréazs %f ’S%‘b&&e rfnce
den@Edl Giotrethé, 1-6 amneI-3)ES EélﬂinesSQ'oﬁ'nldrﬂ ﬁll&bﬁaih(ﬁ (@‘Eg‘m&shl 0agb@db),
of the 1-3 (Figure 8a 1-6
MEFppgiiixFigayesn His. ¢ énd ) pr é/é,atragfd (Fagqrs d@dbuiffs%rwg sections,
staifi @D iith! i )ﬁl%% Cefl?(f ﬁr Hltﬂtﬁudeg pﬁhél&l&?%nc@léc}%@ Eoﬂiel?’cells

1-6 an I nes n cuftur
(Fidhow i 005 miatmmcmrtitalga tinsner(F@sem 19btahé cjp reﬁﬁnemml ofyotubes [Higure

t0dh B episitln B 08RG Gy s 1Dk Sie bars

g‘g\{% onbi nati ons of growth factors, on the
rep% T %Hl\gronecti n matrix in the presence of the TF

corrbl natlon of grovvth factors (Figures 8 a, b, and c,

[ ) bl ue curves or_on the MEFs 10
______ d . E O ML EA T eSpeCt | Ve| y’
dar”l(hcbg erft YUhvi )on 15 Io@méﬂ dssoiaesl?eﬁﬁls r#rbb‘acgaﬁﬂé 'Hithan

he ca aC|ty o various cuf turing con t|o

emisyppiorsten frell dmesvietnpbdyinm &eﬂéxeceélstfr@t agcndrfiSe celtirs. conditions.
Human ES cel |l s e cyltured, under the foll ow.

The iR FING Lo TR MRS TR AICE f<llhnss e are free of

xenbMahininar®® WnA €adel @z!'i__;ﬁ'afe%f rbdﬂlgstrﬂﬁnﬁfn%é efiCGn oﬁnde?ﬁ(e&qated
LI F and bFGF (TLF BF), human fibronectin in the

pluppeiseinad Mﬁllﬁeﬁﬁ(@ Sta_tb Fin aultuteF@d {(1Wis AreHEeghly suitable for human

th bovi ne-fi bronectin in the presence of TGF j3 and bFGF

BF), human-fibronectin in the presence of TGH(3

andTiFsndipiks Idﬁal ,opBRYibA &ffthd HAARKL 0T repdriig RneHeaEByonic
of LIF and TGF(3 (LT), bovine- fibronectinin the

sterpr wlleHee dsvoid) of ferdebRut Aenp) contasmingnts faceerdingcta #he present

o T

iAo P EE 66ter Huack ok s Sfertrbk (8% crgpiges apd agcoppgmvine

desdtition20 per cent ages of undifferenti at ed ceI I s wer e

detggtg};ned i.n, two, days increnents.

il SEPlafRE At leastme cgnbedumang ﬁﬁﬁleEBVf‘é’éIPP n& detaiki ibds to be
un(ﬁ{:s%ml 85 thé grﬁ%ﬁ ioff & %cﬁ'lﬁﬁlf‘e% 1ﬁ¥%ta gﬁcalﬁ?? 33 C}Yeatfétéﬂésset forth in

cul ture conditions. own are I mages o
the tfbléowiag idedesipESh oebﬂemplifted byrtieBxanplbe etler inveldtion-i§ cgable of
systens. Fiqure 9a - cell .line.grown on foreski.n. :
oth R amAt: fE0bpean Aragiicd icaried o1 1 W Sty o) ABOHhS to
be 24RdérRBHE KB the’ phiddcoldgydHAE t&thinoldgy- e%qﬁ&beld héks & @cwnthe

on Matrigel RTM 12 passages in "the presence of
purpotedifidessmptionend ﬁlmuecknqtéoebegard@kﬁség@nﬁng 50 M; Fi gur e
9c 1-6

To Tnaintain human ES cells in an undifferentiated state, ES cultures must
provide the cells with conditions which maintain cell proliferation, inhibit ES cell
differentiation and preserve pluripotency. Such culturing conditions are typically
achieved by utilizing feeder cell layers which secrete factors 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 cell-free culture systems employ a
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cell line grown on MEF matrix in the presence of TLF
for several passages (size bar represents 75 M;

wo@uoss1Stl - 1-3 cell |ine grown on fibronectiPCEr20@1001030
passages in the presence of TF (size bar represents
50 M; Figure 9e - 1-6 cell line grown on 30 MatrigelR

for 12 passages in the pre]ssence of TLF (size bar
Y on.
mat%&b{r;vgln ger{léc' Eg %eﬁ.oi € aﬁ?%%(eiglé%retgf an]dFa ?ﬁﬁlréa‘legglsr’%,gwg%\gﬁ]prowdes
the ESi Zis beith f:ﬁéltlﬁésﬁ‘ﬂi(isgrBSJtMactdﬂ)né’&Qé/fEﬁEéﬁﬁroliferation while at
PCT/1,L2003/ 001030 14 FI Gs. 1Qa-f illustrate
the pgrae timggphabits el differeatiaion er at onas in SCI D- bei ge ni ce

de r('lefrﬁlqlo];!f\fo IH(S%P em?ﬂn@e@ B&ﬂclﬁag’ d&g %Qéekﬂg'g't nﬁ%m@fa%}@”; Ippe% aration

fibronecti'n ures 1

extrhOed donaBdgdlbreth- thm-nSmgeh RENS} Emgsler earddind (e. gr,emtmgcﬁ‘m) or
sec st ai.ned Hemat oxyl in & EQsin, include

bovgtﬂfﬁ%%{&]% tofrmpdn G %ﬁEF‘G&?%@eg‘@BP]& ??@erﬁe% 1y p gnouse
emﬂr?@ﬁlc %&Hl%tCSMEF])a%nHﬁl%ﬁé@ BhRW, €% 10D sg/ﬂﬂneﬁ): medium

ibryonal nyot Figure stratifie
suppbmehwldlmﬂlmﬂngamrh@ac)gmmmp&rs nated nerve (Figure

10f . Size. b t 4 SCRI PTI.ON HE
EFIRED B DENRECa SR Ly BN E JeeT ST Seppulture

sysﬂéﬁ{sr@ﬁ’ﬁo%d BRI ¥ nga0d ﬂtﬁ@é@;%b?]%&eﬁféﬁ%th fresh culture
nbryonic stemcell lines enployin eeder cells-free,

medaemoarfdr%erowh tfagter moratiet(UohisPat. Hmd blpegwﬂOOﬂﬁiféh)t iHwever,

rth of human enbr stem.ce nes
thedg e B2 R SRR ACTART £Oh AL CesisRra (hpeiore may
expbsd fheg hﬁﬁiaﬁt@ &6 td Aniial paBdbdehsr BNidddRd thes®bxeriB@hBNised a
and proliferative state in culture and thus are highl

comhinatignl f iy rdifiereningronsh fansors py extromelyrhigl |cpn@@trah@ns which

afEERRD S SuTELARGS 5 PEFRSH A0, WIRR, PRI MERLS o

Applc M. 0080019 589\ethpr dmblihg tinfey 6 theORS Neils beasbaipk@timately 19
understood with reference to the dravvl@%s and

hougb HpHYE RgtimeEgerie phretispe. 2 dlaeqisr.eindep thesmicapditiens only
50- b@&)%to@&% @éﬁ@oéidh!gﬁ{éh M u &«ﬁ‘i?fe}e%ﬁt%'&ﬂ ﬁleﬂﬂl%@ly' follo guﬁ%j 14

under st o that the inventionis
passatggs amﬁeteldetactall&rfrebccutnhte sglgerab.l s set forth in the

L AR, R BB RSB Sl RS s

hurR&i B8 RIBGhEGat Qlinkdl Lhe&d Qul- déﬁhe‘daédl% WK BonsNvBoh are
it isto be understood that the phraseol ogy and

esserdiatiy Me@g? ynigeab nmperth] medher iutilizesd fopcell raplacement therapy or tissue

regeneration in humans.

While reducing the present invention to practice, the present inventors have
devised feeder cell-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.
As is illustrated in the Examples section which follows, stem cell lines cultured under
such conditions maintained all ES cell features including pluripotency, immortalit&,
undifferentiated proliferation capacity and normal karyotype. Thus, the feeder cells-
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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25 purpose of description and should not be regarded

as limting. To maintain human ES cells in an
waopauhsasenti ated state, ES cultures nust proRCTHE20682001030

cells with conditions which nai ntain cell

proliferation, inhibit Esﬁ differentiati on and

preserve pluripotency. Such culturing conditions are

addityddi, GabdeYthadC8Y eyead BY k| duliuh@ (R&Fesuch ebdnditf8! &hibited
whi ch secrete factors needed for stem cell 30

unq@ff@tntﬂaécda@dlldnorphmogé vath a drablngriime of80-35dwiugs.t t heir
dif rentl lon n Qr. Q trav ons
as s{c;}glllsata(g mtghtq‘ eed % §nvegtlcér} Ese sunx]ﬁwdtg d eB% Od of

estabikhifig GO Rtrahh réﬁtblrysumlcaeﬂnu edeflme Famé tdm%lrsg/ﬁiam:led in an
nore defined feeder cell- free culture systens have

undifersniiptod | Rpapotetetie profifrptive siate: apd @p@gsv%@ﬁﬂally free of
2004/ 055155 PCT/1L2003/ 001030 15 nmmtri X,
Xen\?h%lnﬁ%%ﬁan\{\gs cells are attached thereto, and a culture
medAsmsedhherbinpriby i glesse tétemESICdides wiférd wytcolld repable of

.and gromh factors needed for cell proljfe i on
dlft%ﬁnrléﬁ%& intq piBerceltdyRes VDRI RsF %emec’@h%?dreﬁ@mqna@ ponfully
t I
diffoRITRRRLEY HES by B Leliis ec%gé(}ﬂ? o%%lrfﬁ,hﬁl Elr etcﬂﬂﬂ fu'i'% Iff¢ntiated

preparation” 5 extract romE war m
state ArSinapers’elusmorohsefieclds”, Matri gel R), or
bovj ‘neflg ctln/Iamnln Su rratrlces are usuyal )
€ ﬁ ggnned

sup PFFSERtBYEtion Gap oh'ﬁnaa PRABFIsHTtEm ce

frofOie boh BRRAF 1 SRE ol B irRfividusd W0 bl h g Cor B ¥Bd blood of a newborn
suppl emented wi th bovine serum anhd growth factors.

mdpn@al,cﬁm@)rmme BlptIS(EISO) cellsl dbtriredhiomth&ESnbniohis tissiafyrmed after
e culture 10

d | | | ..
s P G ap e o S 2eBn LT SRTle ofre fellderivation and

pre%&@ﬁbn Gyl dedBeicdnh@Bidbdod! OWrdTerkér kR ThIXd B @he present
U.S. Pat. Appl. No. 20030017589). However, these

mvmtmeareb@ma@embé@nmm edts. were derived from ani mal
ti Silégosrdﬁlgdtot a%f 9 fqﬁg < &5 GE%XIE{O%QCI‘{[E)% lﬂl th%§ g {ileéted by

to ani exe

obtumertg Immamabi)@amlc@tbnof:elﬁl andchiufthing ete Igﬂm ehnlﬁr@sﬁle fsen@tells
extr emalﬁiﬁI hi gh concentrations whjich 15
iS

ungeg f%e;dﬁre? Brsg C&Hﬁ%%cqqéél%lé Mbigheimclude @gnamﬁa@éa tisgig Gulfure
meg n R %e %reolvﬂ? lf’acr?ors E rﬁtﬂp lastalhl&h azl%}ﬁ%) %%ﬁ%nig Q@m cell

was appr oxi mat e
hmhours suggesting a tum)rl gem c phenotype. Moreover,
und gese cqnditions 50-70 % of the.cells
exh F‘frgﬂlga?? fhixipregt af %PE&eIEeF‘lVG‘PHﬂI‘p iFoltERe is effected by

plafifl HRW&E cdts orﬁé‘%%ﬁ&ﬁﬁ i?8 bR GRS tyoRhiks pfdrtRectiit éﬁ'r\%val and
systens. 20 Although such culturi'ng conditions m ght

profigerstinn bl lenftodiffeegdiationh pupipdle s, plating 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
terminated before stem cells become completely 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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human ES cells nust be cultured under well-defined
culture conditions which are essentially free of
wa@niogmbsinat eri al when utilized for cell repl acke®ni2003/001030
therapy or tissue regeneration in humans. Wil e
reduci ng the present inven“’ on to practice, the
present inventors have 25 devised feeder cell-free
hurfiat bikkioRgsts OHlirhdrO BRstYBy b afRr @p%ﬁg'(ﬁ)té?ﬁed from human in vivo
xeno-contanm nants and yet aré capable of sustaining
prefoplaniagene ambsiok o ifrong i vidroe ferolizedt (TVEpsmbB®s p aslsaneisely, a

. is.llustrated in the I section ich . )
singfg P e Pl lociop R B IGt 4 BheipsTar Lot e the isolation of
huB @Bt deN§ $hoBirAtRINEEHs A Fenfeved Sdm HRAbIHEESyst BSd HE ifer cell

pluripotency, inmortality, undifferentiated
magsy @CI\’BG}%? #olaged aiweroimosurgery, o wiadh tha typphgapelertitvels ateHgsed

) lls 30 f | ture system t pr esent .
and 5550 S b FEVERY i R oo B 8t in o
tissa@icuBhref QR coblainifig A SProrrRIRTBIRHIUNRIEE bfabfANAbLRg@Wth.

mai ntai ni ng human ES cells for at |east 38 passages

Follqyigg §rtg) §i5f davat the dCM derivedimutgropitte isedissosiptedgnto clumps either
: — 4 PCT41,1.2003/.001030 16
oy B ALy GR35 BT 02 0

platedcén aofnekht figns cakttiebinkdidm. utdiddiey aahbmtReng &hblifferentiated
r phol ogy with ? doubl jng time of 30-35 hours. Thus,

mogﬂeﬁ}g@n Ay 11@%"“@%1 pecdederd bY migropinsties meshanicglly disspeiatgd dnto

h f t 10| u i C. S |

ClofFBl ot RE  Apln 1o Pl IR RS Gt B L-2 weeks

Foruughérf detadls tonabethiodspif prépactien huaad By eills bes Blidnvenst alt, §U.S.
a ' upstantjally free of xeno-contam nants. As

Pat, N0 SR e SRt Padd b ST Cort opnbevy Braky 15 13, 1598;

p.f enbhat i ' t i
ProceiNa8. BARRENE. okA 05: ?efiﬁ, fibbgjécﬂlbgla s EP oL Q%l{mcl@phd 4: 706,

types having a particular, s Ized fu I on .
1989 Gargnercit B¥. . Fertil i Stemld 69:c34, 1998]Jor to cel | s capabl e of

bei .mai nt ai ned | n undi fferentiagted 10 state,

her g ﬁwﬁﬁ{eeq,ppre&lqg?ci %ﬁ‘éﬁflmgfc yc%waﬂ%ﬁ?.s% ﬁ%@e‘falnﬁ%’f be used
with s RERRSESE the P&kt ialertRN. TANAIBE QRO 684 Be $1:ERAsEE lom the

obtained from bone narrow tissue of an individual at

NIBnhumge apbrypeim sierd daslleogeistrya (htombesennihigos). vi dNeatlimiting

' t cel | bt ai ned f th i
ex GRS AT RaBBlL BaBPL B! LA F B0 YA o,
BGonB@OQi CY g 0w 0ECY ReClys 0, BEeugelE3deri vation and 15

prepar ati?n is further described hereinbel ow.
Pr eP &R e¢lisspserh Rsehesprspent Haventienessn be alse rderigad drom human

BB RERT¥e)iEnsSt oot ng it . of
emBHORG SR (e cEe AMGR FIP celREOHROARG Rl U, Gl Yorm
cells obtained from human fetuses of about 8-11 weeks of gestation using laboratory

techniques known to anyone skilled in the arts. The genital ridges are dissociated and
cut into small chunks which are thereafter disaggregated into cells by mechanical
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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obt ai ni ng human enbryonic stemcells and culturing the

human enbryonic stemcells under feeder cells-free
w@iosiltegyy condi ti ons which include a matrix apdI/E.2003/001030

tissue culture 20 nmediumincluding gromh factors to

t hereby establish a human enbryonl c stemcell [|ine.

According to this aspect of3 t he present invention,

cul f y e st

o g Bphon I FRhGEY noRidh ol L EERER)Y Sullhbon o
feedarroelly-dilec anlture psysibmf\e]mah nm:ﬂu@sh rhatfik tisstead of a feeder cell layer.

differentiatjon. i.c a plating density of
AS atdBRD i term 2 snévtﬁ mferéémagyemmx ruchy 5L EubsBiy o ool

atta%ﬁ}nleﬁl/ ifRtibD oF%@éﬁer b Ishclpg ﬁ’xgﬁlf n? Pﬁﬁns extracellular
al t hough single-cell suspensions o te cells are
commhtsyo yéudethe semlickllctarsttack amd yhal is prdyédes sedhitafle culture
B {u s end, enzymatic digestion wutilized for cluster
sub§i&fupt i on (see Exanple 1 of the Exanples section
Wh | Btk P WGitablS forRE %m%@ ‘ﬂré%@ﬁthr?elﬁltoﬁ & @)Lt}a%elhﬁ&orﬁﬁnx
onpl etely dispersed and the cells are triturated
commmrn@ defiped fremshas¢mert anentremper e(xrrraeeuulamnazﬁﬂ cmapdm)lts that

d.. Ho
forfe it S RS el B BREE B kb B Hllrthel o copiggample
of $t@hmeridl #hilite nAtes Ectdn IRRINSG 994 WRicR &itABR for use
usi ng wel | -known cel | - <§ul ture methods. For exanpl e,

with lﬁ%nreéfmﬁ inpsAtien. s Matnigedl issa sodwble erqunan &t Fogaltwegth-Holm-
1030 . 17 b
ST AR SR B e 37 ) ey i AFRC P REME R epen

meitibyame; Maeigal? Rrdlat denlablehs ogowth Bemrbduced 1i:)i'réi)arauon Other
fertlllzed(IVF) enbryos. Alternatively, a sin

extgagpliul %%er?ﬁi?weéﬁrﬁnéecmmlweﬁ ﬁ@qh @rgtsagslﬂ@ for use
t age I e 0
L FRCprS6, KNEatar B0 Sl B ER T itaf o,
hepmednl subfatenasd (He@l\l@)e hlone 90 iy @tbus yombinafioss) r Breferredimatrices of
which the tro ct oder n%cel |s are lysed and renoved

thepresgit iRgentiop ‘i IPWCE ed BafiSSet ting. The ICMis
them RhRt8fhdr8 Rmpléts sauﬁngluﬁsél eBltdridS KofkRbA Eﬂ eNBestiBE the

appropriate nmedi um whi enabl es 1ts out grow
mafry] isaweietpbly terivied ﬁi@n}asa, hllrhal b@ivceler syreblesoaetl grsingt tecorsbinant

teofi08i A6Oh eI aHCBHEy it | xRl o RRTPBTeHAEH (ffgonectn

rec8@binan@ F®rdreetin,” Burkln-Bbd<d |MMin, f foR&RInt IEBRIMRsE UhdtHk Cor a
medi um Col oni es denonst rat i ng undi fferentiated

syniistishBbieggctiar engtigi vi Hmlmalnyd@@{eécﬁb@nb@tlrmcam dm ﬁem ep,lasma
j d' t .
roGEE £ L bk R SRRRARE S M B

Lowigekf), USAr Hunidnedertet alainsnia rhnHEfdﬁésﬂﬁl ﬁf)rdbla%p&t[a@ﬁx @Bn be

h,ungu}r ES cells see Thonson et al [U S
obtained from Sigma, St. Louis, MO, USA. A synthetic fibronectin matrix can be

obtained from Sigma, St. Louis, MO, USA. iy

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 recombinant techniques in order to replace, duplicate or mutate existing promoter



10

15

20

25

30

Pat. No. 5,843,780; Science 282: 1145, 1998; Curr.

Top. Dev. Biol. 38: 133, 1998; 15 Proc. Natl. Acad.
W®e004/088385 92: 7844, 1995]; Bongso et al., [ Hunr@epr20e/001030

4: 706, 1989]; Gardner et al., [Fertil. Steril. 69:

84, 1998]. It will be appreciated that commercially

avail abl e stemcells can al%o be used with this

I

or GRRAGE sBlpepts BT gy L Bl BBRn e ale RfigedSch

as ifegiesimyle( hetyencése sacoding). agldltionall\laé\lebtl(m madkergOor sequences
exanpl es of comercially avail able enbryonic stem cell
enqoéﬁﬁ‘ége%f B@@ept'ége@f tc.. Bans, BGO4 CY12, CY30, CY92,

CYl@lHta-EFé) Snandallfs %x I%tsﬁ% ?sr l‘iﬁaﬁd@ yb\ﬂth GrePhGe EH}xtuted to,

i nvention can be al s derlve uran  enbryoni c

pelféAy (EENA8I(E:), HpideoS Elk 3| | Sealeg2pr oPéspéay, fPEFXmYUécyto

PSR RS i 5 AL Lo b [ CASES O

froin€ Pﬁﬁhéﬁe\e PERYY tAd 2PRAEVSKiHIQH abd alBBLH tom Té'{ﬁategene

genltal ridges are dissociated and cut into snal
PTRREH whschvig |aﬁmlabl€eﬁwm@1@a?ﬁdem@lﬂ@agtyneqme@d into ceI l's
EG cel | s. ar

o oleatames @, preteriy SO Rk .45, PIAER BB dbe culture

metiRei Miluddheytelghéssandr oﬁﬂi fabtofcheblisdfod kI ﬁro‘h@éih@(ﬁ?lﬁ%&tbasm
of mediumuntil a cell norphol ogy consistent wt

ﬁb@blﬁﬁ%grpwtlb%@r\(bﬁ@) gt l@ukfmylaanlu or7tagor ddy}, end factprgeich

+s BRRRERTH i i e BTG d Sl Al e Pl Bigotiaion

[ Pr 86ch zN@ﬁl'ture AGhim 96h be Lfﬁém%tlc 134 25ul 98k diaRdsueh 3s Ko-
Pat . No. 090, 622. WD 2004/ 055155 PCT/1L2003/ 001030

DMIWAs(Glbcq-rkmttmed @mp@]ahalbop@dut:the 6tash delahg, N, atiSA)

SN LS 0 P UET £ 55 £ LT

cel seﬂ]ﬂy@m be o%anyl S@ﬁcé‘lﬁkﬁidﬁlg ﬁaﬁeb@ﬁﬁmerﬂiﬁ daX seriff &Himan
to any matri x which can substitute the ce

Ser‘é‘flt ac hFaiereblyy hemagn seuny exdservge| Teglacgpet a (Ribeq-Javitrogen

Paltﬁ)ﬁl BYarf faﬁanﬁyepg %‘F% ggﬁ%{q uig og(?&gg g)gc:;\gg% 5@ WM G e

OCI

estemce S can a a

: enmmnmht’brdxdeﬁE$cﬁiBt rate. Particularly suitable for

use W th t preggnt .invention are extracellular
et SR EBIHSGRER o TBURIGPl OWRENPDALERE SRR FEiR acids,

vitdhE 2¢Rhil AL BRUEASFLATPARE MR ] Qﬁhomﬁ&i{tgn RRLEn O insulin

adhesi on nol ecul e receptor-ligand couplings.
Smetutﬁ}Sg edl{agpn ipscanrmere aadrriace t&mhtsa(hrtemaﬁoml aﬂaltqnt Publication

No aﬁlp(t) gggggﬁ‘? ! Egcee g)%ec 315] l-l)'ocpkro%ﬁe ammU§ ee cuiturre]: condltlons the
albumin or albumin substitutes are preferably derived from a human source and/or are
recombinant proteins.

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

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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with the present invention. Matrigel(r) is a soluble
preparation from Engel bret h-Hol m Swarm tunor cells
W0 bat/osfaFs at room tenperature to form a reconBCT/IL&SH01030
basement nenbrane; Matrigel (r) is also available as a
growt h factor reduced preparation. O her
extracel lular matrix corrpoﬁ%nt s and conponent m xtures
whi S i r t .
invéggﬁgﬁgiﬁtkﬁgéﬁp;g$ﬁ#§§1%?%%@%@%#?ﬁ@gﬁgb eoﬁ?&%gﬁ?u 18
progfied et a poncehteqrmmant 1Sk f (a¢celxamsled hend 4 kEthed@xan®ldrsedtivn).
varéous cgrrbi nations. Preferred matrices of the
pr e SENYh TACiaFY plothe dFesent BvaHinn: fan breprssdedt anat jambinationand

g AROTANEGEH A 20 0 Y 9SSR o,
while atethe sone timeanhiby FShvel idiffatentsatiog. r econbi nant

20
techniques. Such.matrices inglude, for exanpl e,
o SR Bt FrtatTs hldof GRe 1 Bisriemh BveR U RE R put are not
) ] . i oo ki b O
iU, SOSIRk AL el 67 OSSR ST bR o
(bFGH) rand dumian reeombiearitrlonkeplia sutabitdri facton €CliF),ncilidry neurotrophic

T g GRgrigoorabian b OpesesahbL et 0B A iganc

stelgin&llf RERS KSOFf bR okl lﬁ&bssp?&lr g%\yw%a PacRfis %?IIJ BRlBLAG f5AMny

gma, St. Louis, M) A" synthetic fibronectin
supphier Pk tismwe ddture gagente duéh em @GbgmdnviBbgen. Goiratidd, Products,

SA. " Kig.h. Re | hant n 1.5, Of tri.x ot ei ns
UsEaR D appittat pyherm e Vet Sngnd QusarigpE ireRafonal Inc,
Teeduyd) @A g Ade segnents encoding the matrix protein

(e.g human_ plasma fibronectin) can be ligated into

ac

Feowen &) Eyamplal| ofiiheExstpplessiction whithobll@ws,sylandss cells
S I r. f ok m mmmal i an cells such as La
ore S 0, 0 SRR B8 S5 Sp S Sl

withi201%i Refufiereplaabmt@l beH heTGEP, ddd WEGF (DB RRMiSMHAIESrowth
that such comercially avail able vector systens can

facwas iehg the Tfkfif (ldD andabEGRNERIF) congheuhtioacaipiovahtfactors are

techni ques. i n . order_to | ace, ljcate or nmutate
cor NSRBI Sl PSS B S eoianoy
or ERINBERLJAL AHERESRIAHAmEN 5OMHE GResttinfdfioh! @BRkowth
ol ynucl eoti de sequences such as for exanpl e,
facgénu%qddéssuénl@m@nh@e@ﬁj celisowhén sahwed por fraddcarcls-Gree system

ine g P pr cssi on' veet ors. i nal ude, but are
Bgtegg!\i/ézf‘(f&/&%@)r Tc@l'rl)sé’grge_rggg?@gﬁtgﬁb ke %gé;pﬁ%vé?%dy%toet concentration
rangOAN AF-¢). 24 gml pORS. preferbiyc it it @020aigmb neost prafierably at 0.12
ng/rlnrf,vljdltfxig ?on\)id&icét am@cjnglgnt}a%iog%griléeaoqj 5%0-2000 u/ml, more preferably at
750-1500 u/ml, most preferably at 1000 u/ml, 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 preferred, 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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from Pronega, pBK-RSV and pBK-CW which are avail abl e
from Strategene, PpTRES which is available from
w@t@avssaky and their derivatives. Accordi ng toPCT/IL2003/001030

preferred enbodi nents of the present invention, the

culture 10 nmedi um i ncl udes cytoki nes and grow h

factors needed for cell rzllferation [e.g., basic

fi f.agt eyzh_ﬁa?g, bi

faktrtoglti t%ﬁ%i‘:%%’{éﬁd %gct%rcéﬁsuc% @%{S} tL rans o?ﬂrg Bdlis rofing
mompiayessh id aadtare. ( SEx4niite{ Idgludd i MEFi ctinditionest m’adu&ill foreskin

ifferentjiation. Such, a cul medi um.can be a.
condifippgle ppediym.s djmap u?@hwenlﬁeﬁﬁm%#@% ﬁoaﬁ:% tignpd Wamma human
falwﬁYﬁxpéim)ma«'cEﬁ@&&fal&%@ﬁ{eaMranartpéimsé s, Grand Island,

suppl enented wth serum serum
re rﬂaamm}yt smuabﬂ/e cnonglruomdml‘edm prs, th&eer damived rﬁom hutanm Gglls,

sulh S irkeBr i BEa rasEm b P S Mgk A foreskin
cell§ (’FIP |aa§t%%§‘ tm ddSarR GRbN ¥ diQEIRNsui @Bl Qirb&fbmgq&n&)ndmoned

I sland, NY USA) are utilized in order to provide an
mediwiral - free environnent for the human ES cells. 20

sustith el iR et %) S Griltl Sulbieoptfling foedsy cets
The! ErdRaHh Qﬁédu!ﬁnséélﬁsﬁé beRémeraed val damitidnall fiStord, budk as amino
insulin substitutes, coll agﬁn; precursors and trace

acids| dp8nt k- alutnm@rebbatanwal apuist Mebt-meecepigathang]) apgd growth
I i a -
fact818s/ %%?cégogéln%ﬁ {térﬁ Qell lg}‘](j]Wﬂlq{l bﬁ Qldlf%é?erﬂ{ ge\(l s‘{jeﬁe @Eﬁ?’% EtlrL({ %gum
replatfﬁ‘n@i’tﬁfne radbéd/ atﬁfdcuﬁﬁcdﬂcemalohuﬁﬁgbs 29 ulesrmbacm dlsewhae €U.S.
reconbl nant roteins. Culture nedium serum and

Pats’éﬁ’ﬁd peif) Mt can be obtained fromany comerci al
su & t [
Rk 3 e iy ey e

ade@hagermcéuBhulatiauio shddetetlSAgtomnth silygoATEEM (:dl/hpaﬂﬁmtlon/m an

undliRabisined fgen: {BHOHPG B CUAOUER T conguBbih BRIPT b or 424
houk SRS @, ﬂov&%@éi’ e ch x‘ff%)lgerﬁﬁecfaﬁ haktMed By %s%&u?g’s‘the/%ffect of

most preferably, 10% Yo. WO 2004/ 05515
the P@Witi¢RA03¢dION @8 Gten? Celhgrovithl ambdlff@rqmﬂe’sgnt I y prefer r ed

| ment the seru acement vi ded, at
coneiroh Mo iBre SPURLEdE BT The RebR pRd Bn e
scaleX P b@Pose 6F it Londifrat Melliasd. OMsurgd-sdalee pRydasiedit preferably
i nvention can be used at any conbi nation and
involves the use of dedicated devices. Continuous cell culture systems are reviewed in
Furey (2000) Genetic Eng. News 20:10.
Following accumulation of adequate factors in the medium, growth medium
(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 medium of the present invention may be applied

directly on stem cells or extracted to concentrate the effective factor such as by salt

filtration. For future use, conditioned medium is preferably stored frozen at —80 °C.
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can be provided to the stemcells at any concentration
suitable for ES cell proliferation, 5 while at the
w@ 2008/05518® i nhi bit ES cell differentiation. SuPCHDI2003/001030

growt h factors according to the present invention

i ncl ude, but are not Iim'ged to, transform ng growth

factor (31 (TGF(31), basi ¢%fi brobl ast growm h factor

( bRGRIraa Rtk MERRLHSE O B th e

(LI ggz ,rdci i ar g%nﬁbeur o%ﬁ?c n%‘ g@%@@%g&ﬁ' %eﬁ)l SR abGired
undar celimirechomttumin@rooditians to ddtatilish @rfuemenl emiyémhik s&n cell
FlIt-3 ligand, 10 stemcell factor (SCF) and the |ike.
Such growt h factors can be obtained fromany supplier
of Alni SsstabligHedt %hfhahe%ﬂﬂ)%ﬁ&i@ UgBnagefd MR |NVhhfa@@8Ped by
Corparation Products, USA R & D Systens Inc.
undifferentialisd sfan crls.  USeeoatine thdhe prasentrineentiani aonaidifferentjated

s STERM B e 09 LR ol o 7 %

moré€ phefierails 20 MeabD80 O thosh pesTeabliyratildast BS 9P beapMERredfiated stem
cul ture nmedi um suppl enented with 20 % serum

cellsy ep| acenent, both the TGF(31 and bFGF (TF) combi nati on

O A4 @8 40630, 4064 TGS BT REA ! Bhows,

line.

I nation
undifferentiatedi sgmhucells &R cEl las digincat Iﬂogﬂ'ﬁ)ﬂog@@ @Rfth58s clearly

dist B DR et GACTeetys Sllsl S L s bY ah siilcagn the
f | | [ 1 .
art. T @5hRARY Uﬁﬁ(ﬁff%ﬁlgé_&?@ SR Lells hﬁavgshfgﬁ dh&a}%@gtf?%g{ggﬁglos,

on’a fedder ce ree system i nclude
promgneitonudlédi agd deompae delomye [fbredtioaewith| pourty systeable cell

. TCGF(31 js.prpvided at. a _cancentration ange. of .
junctotss: @ddieidal i 08 BrERErRBY siemocdl B ey Arscribed
heref@slowpr eferably at 0.12 ng/m, LIF is provided at a
concentration range of 500-2000 u/m, nore preferably
at Wen7gdtutgiogecardmg tartist tepohérigsr afbthy patsedtOd@ention, steanckll

el A T A T S
incliling} fYxEnpl At diptdboit A sRtdpinfaBoh @sh b& Hiddub lde@riifae cellular

...cells can alternatively be effected using a
diffegeriighion phedls valimgehas detcehed béreier um or serum

repl [ Condi, t.i oned di um .
 SPRGRTECl, RRBLEALSAN TR e SRS 2R Y clifin
condifiors. pri3@dd eladatent edellls ) withes esymplote! @iciGed feRdrakcells-free
iod. The. conditioned nmedi um includes

culturin g@a?)g <
SOV € SOl ABRIBRHIBRS NS SEBY ctclly By @ hBrohifmdivey evet,
undiffBtehBated st iddih & 28044L8%eithe 2 0 -
P ol R M B R o el P A
derivafl (oetdcembimant) matrix and a culture medium supplemented with the TGF,
LIF and bFGF growth factors.
As is shown in Examples 4 and 5 of the Examples section which follows, the
present inventors have illustrated that ES cells can be cultured on human-derived

fibronectin matrices, supplemented with human serum or serum replacement, thereby

providing pluripotent 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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nonol ayers in culture. Exanples include MEF

condi ti oned nedium foreskin conditioned nmedi um
whewsasanHryoni ¢ fibroblasts conditioned nmedi uPgT/HLRNE001030

fallopian epithelial cells conditioned nmedium and the

like. 5 Particularly suitable conditioned nediumare

those derived fromhuman lls, such as

ski n-,condi ti oned h is odu
O Ekiin SRR ey P aled eBRBE B8R, for their
difféBsiBkion QR t Cen iFerehtadtion (faﬁ'beﬂfe%iiﬁhﬁieﬁgl[bh%xammatmn of cell
condi ti oned nedium Such a growth nediumcan be any
or tiyeus-perifigi markers Which age knewn do thedadicatiyq pk dlffemltrﬁﬁ@n For

cxa BTSSR FARELE TR St AU bATRh (552
4, thRftuino exteftarihg aﬁt@g@ (TReotlacOresiCERNOPBMNANOI ) and growt h
factors, which benefit stemcell growh i

n
Undhss Bherpiin el andspf eaRe B U PR BitichURYS ES
diat eCdisMfueC t
celld é?ov@rg g)gl dthgl t;eg% getll %&g& glﬁ]&p&%&ﬁg 3 é)8f:r%e4 g\)ﬂ.’cure
mediim ad delecteé| grtswﬁlr"ﬁcmtd Expresded thetSHEAGY, &mw&nw RAr1-81

sufficient tine to a te accunul ati on of
cell spefpcsiaey ﬂf’récfm?%l f?’b“"éi‘ﬁgﬁ@’iltl‘at%‘f Scel | proliferation in
an
cor el SRR Bk ok e LKAl iy T Tebthmiques
welHonvewre in thehart ElHdnsonnigh pbah,c(di99fén8ben®c%82ed16§~7] Examples
SI ng the effect of, the condit.ioned  mediu
mdgé% GPbvihit ‘éﬁcﬁo’d £PPe CERPIeE d% IS bEgG etécﬁngnn@fkers

nm%ﬂohfﬁ&h@rﬁﬁ%a%is eit?z{ceﬁ@lﬁld'abﬂoﬁin%@eltdﬂﬁ fREdiNdng  BaSathtic
on the scalé and purpose of the conditioned nedi um

imnugnoggsag,cat secprtedimotdc plaém& ably involves the use of

d e%%{%d?tﬂoenv elf'g %égar%lcalﬁgé 'é‘rﬁé &%ds 'g%tn?el%gur%ﬁl%nts
of ﬁﬁblﬁr@%ﬁﬁpﬁ@t@é}m&ﬁht}on [ﬁ{dlﬂ&@ﬁk@é@ LhUAGhOES dells tHi®e alkahne
medi um growth nmedium 25 (i.e., conditioned nediu

phopghaiaspapeitedy rrheh t ¢pm fheedeiecied] by Axtnec dhe e‘%ﬁl]édW“lht %
prd 8BRS o U oV LAERRUC B 20, BEka o

marodssturet didstrottidnsqWettor Batpeatores Buplimpance Qalifoatia tUiRA).

cells.retain their ility condj tion the medi um
Pref® F%’E‘Ieﬁ}“o‘tqqé‘b@&ﬁdﬁ‘b" st gelhing i b PEPGH Ty FHgn Mmaintains

oAl
o A R
the nflagmdzmnap leinbdyoid i todids| (EBsh astwell eel svier vex thefereutipn of
oncentrate the effective factor such as by salt
erafQm3S atj on. For future use, conditioned mediumis

pr ef@bARIY bSdiS 84 thrREP AL the 88mbval of ES cells from feeder layers

or feeder cells-free culture systems. 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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WD 2004/ 055155 PCT/ L2003/ 001030 22 According to the

nmet hod of the present invention, the stemcells are
weeiosisass under feeder cells-free culturing cReOIL20@191030

to establish a human enbryonic stemcell line. An

est abl i shed human enbryonic stemcell line is

characterized by 5 undiff®rentiated stemcells.

AccQr dj to.th nt i nan unlff entl e
o5 llftpkenifanio N g BF B, PR PR o R o] BTGP AGHEoss
of eﬂPFe@sl&{ §f 6c@b| andahe 111%?6%§ed7e9<p1/éss1oﬁ‘?év%l Bf 6fheF ﬁl*a{k\ér@éuch as o-
| east 80 % nost preferably at | east 85 % of
fetopruﬂmﬁf NFedt kiad, ed catieam and ellhisnin As Miktlsaisi usefh! ifor mxartqimeesthe
and 4 f t he npl es sec ion which follows,, 1
eXP{ﬁ%HP‘F PR .Sa?%gx C SCB%H %réwf%l kpewpfin &H%l jaglt %{nclude'oRT-PCR,

RN§Q% ?!?1911 dlZ hcw l?l@ a¥ysistndif bifdaRhEmlsE9m

ere ceI ryo or adult origin by the
ski 'I'hee;dumpptelttecapanny oﬂfyep ES aell ine waul afsb eheaonﬁan@ﬁbys tng(mtmg

colf itp S it (EONP Oy R AR b rpqlief SO Hown

d1re@ﬂ§ GRHARR] ﬁ@uhe eﬂnbl%'é ' @e[h%er S\ﬁQ' 3. @308l eahieh %ﬁoﬁ)fn ectlon

undi fferentiated stemcells are further describ
formderetontre| Reratyines areufixedrusihgat Yo patiafagmialsichyde %IEhhlhﬁOh@Cﬁlly
m cel | ovvt h | s

exaflindd 61 BETRER et ISP e b St Aissaddiriio el e,

Sevgﬁ & st BeERAsple 3 BE tHedERGhpléPsecByRAMHich follows, ES cells
r phol ogi cal determ nati on can be used to det er m ne

cul@éqdl qn fpronggtintased feeden eslsdfeecultpss syaﬂeﬁurselgplﬁmented with the

sele%? b@ﬁl alc':]t%g J) m%goﬁ% §1 9 Irégentt \%n? TF. and the TLF
SR 5 Forehis b e

resen nven ion uring

conﬁﬁﬁkﬂiohlspf(bSde ﬁmcdendl heraohneR) @@hdrfstrmlﬁglt}ﬁ plﬁxﬁ@dtﬁit&:apacity of
xeno-free, feeder cells-free environment, capable of
the figissHaiafiffgreptiziedt wipcel I's in a proliferative, yet,

undjf JaglRth 3 Qtoﬁh Qilff]%}gxgtie{tﬂhts@té’ stehBdlls 4r@8ften also being

culturing con t|on a hungn- ‘deri ved?
momniémredrifion dmtyotm&r, rinX osded ta eediflyucytologitiali nauplopgitye mehereth all

h the TCF | h.f
chrglab Sy rs sl A5 S0t AClzR AP e B MBS S stem
cell¥ahe Be fkaloBRd vsHE a Rﬁl%?d"thérﬁ%eﬁ&ﬁﬁl% aﬁa\é%tﬂﬂa{éd%rp’ﬁbﬁ%ed

that ES cell's can be cultured on human-deri ved
karfcptbpezsmééhq meond@r@spegappl emented with human serum or

cel T e P e sl Sty d PR s o e Mo e s o
nordy karyotype followmg 30 and 32 passages on fibronectin matrix when
supplemented with the TF or the TLF combination of growth factors, respectively (see
Example 2 of the Examples section).

Their pluripotency and ability to maintain a proliferative and undifferentiated

state for at least 38 passages makes 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 cell line described
above under the culturing conditions of the present invention which are preferably
xeno-free and devoid of feeder cells to thereby establish a single cell derived ES

culture.
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30 other contam nants. Under these conditions the ES

cell line generated using the teachings of the
w@e@sesiiss nventi on mai ntained a proliferative BEMIL2003/001030

undi fferentiated state for at |east 38 passages. WO

2004/ 055155 PCT/1L2003/ 001030 23 During the culturing

step the stemcells are fudther nonitored for thel r

di fMg{he(rﬂ %fa él%%ig cg’lﬁ oG §[anrel‘, fl<fnf8§frn|elplt hé Eu‘lt ?&—:ect‘oar example U.S.

det'erm ne Xxam n

Pat 18 5894856556 mfmlt:emr Re0® DWW, Biolapxy: &nox@) SQchﬁlethods typlcally
i ndi catjve of differentiation. For exanpl e,

inclpde selpetng mgroar ficss fige & gl enlipise msmclfémgr% rgr@up of cells

[
it e BE Blvis thp e KR BUup &4 LORUERA] 981 promote
cellfprofifetdtenPwailp lat thesaniei tane, ihhibit cfeﬁldlﬁ'mmlﬁﬁn. CGhtesobtained,
) n the f eder cells-free ures syppl e ted . -
singlp 195 | RIARESt 496 OE (FPEAGED. RiSHAD nﬁéﬁ—‘& 1N updar wgﬁﬁncﬁwﬂng
confifohor s expressed the SSEA4, TRA-1-60 and TRA-1-81
cell surface markers typical for undifferentiated

cel $igce g BB sslll dincelflthe me&sblﬁﬁ invemtidoeis Sevard dExehet acl fedder
wn in the art

confFriBto 1 SR DB o o1 Mg DSEH e 289- o eseraton.

Exaﬂlﬁllseﬁccokdlﬁé Rﬂﬁqoﬂ@z‘tas B oFEHe ﬂrhi&ﬁ fffchtfon fHleRWs provided a
cytometry fo mbr ane-bound mar ker s,

methaguab Hr@tlog h@m lgdlrvydlmb rineeedacd] feell areplmdment and/or tissue

ntracel | ul ar. kers an zymat i mmunoassay., far
resll G s Mo R S SR Cprob WA o e fies of xeno
andcfeéder dbhth@iRRAts ifbol tdindaAdwall so be effected via
measurenments of al kal i ne phosphatase activity.

UndPrefesatditthe mesthad, ﬁeathemomrlsgs Basier Qf kuepaniag the hES cell

Bh?% ected by fixing
pre %eﬁce @&gﬁ&%dﬂi&%’ar rema r(ferhabggé and devel opi ng
Wi t As tuked Réedii OfredRing o8 didividadlén lﬁbéd eCetireplagerhiént and/or tissue

manuf acturer's instructions (Vect or Laborataories,
regeRErALORg AFETS ERItiepidie AR, indigidnal seffaing Someatdisnider such as a

neu‘?clﬁggﬁal t (lﬂgorﬁ%ﬁ M, C&llscliap® dordde® Pr t%érgg)tvaécrﬁ‘faqmdl&ﬂ er

tains uripotency for at 1eas passages Geh™™
henpdtologiselt @Bmyielc ankinedismydert adedr disondet, raad lilye likdrthat require cell

rmation .of enbryoi.d bodies (EBs) as well as in vivo
rep{?ﬁ%tm?rﬁémfigﬁlr’ﬁtrf: X’@flont eratornas. Enbryoid bodies are

fzorl"ﬁ’éi Hﬁg@ “@r&ﬁlln?@ 'i‘?féﬁl tooicnlhﬁ;ﬁui‘? bt by dhe Qﬁ%lo{)ﬁ%ﬁtr of a
MR m{éipaﬁén; Eperpfhstion, et crgnisgesssion of
a dl,rséas%t L?Eogh fq?rcoﬁdlkﬁgn bt & 1nd1vnEua1 su otlferlng 5 d(')rsdﬁagcnloget:ci wﬂh, the
disease, disorder or condition. Those of skill in the art will be aware of various
methodologies and assays which can be used to assess the development of a disease,
disorder or condition, and similarly, various methodologies and assays which can be
used to assess the reduction, remission 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, sublingual
intravenoﬁs, subcutaneous, transcutaneous, 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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surface, the cells are transferred to tissue culture
pl ates containing a culture nedium supplenented with
W@ essHEstl am no acids. As is shown i n Exanpl eBCBI20eB/(H1030
of the Exanples section which follows, follow ng 14
days in a suspension culture, ES cells 30 generated
according to the teachi nggéof the present invention
di r ' | i coNt 2 Nedi LLPr XOB C; o
negg e?%%fg%ﬁgd ?ﬁ?%§§%£%%@d§?%1@£|?i, t%ereby é%§£$|jm
undidferemnisted atprepgratioa) drhdolkBving| Ipattiaheonf cantydetpr difarentiation.
i nvention_retains plurjpotency. undey. 't f eeder .
Cultggad) lnpgng ES &ﬁﬁ% G%B% g}fééf?fft ,Wé%aeswt?éﬂgevp?f%%%ﬂ lineage
celld, B ?é}{ﬂiﬁ’dhy N8040 2812 SDRETEATABAAREY 3815 @h teNiitiated
differentiration level of the EB cells can be nonitored
by dijoving loveigngvthhef hodiffereofiated frueswi BA astls dotsugpensiod quifere

i.ncreased. expr.essi qn | ey.el ot.her marker.s such.,as a-
fornpigg opm %ﬁdngg%ﬁ% 68 %efoa@’lsg £ e updeT SPRRIRPRS Chichigete
difftteRidtonfiffa pPRALIA' hBthek N SuckXPA@EShOMaY S¥@hdPvithdrawing or

specific genes are well known in the art and include

addiRg-R@Rents, rngh fastass oo chiiphinedite 4h¢ oredivesehapging| the oxygen
anal ysi.s .and i nohi st.ochem stry. . The pluri potent
PIeSEign iﬁlt}nf}g%etfglg%??%g? %helclu recsgﬁ%%\?‘so be confirmed by
| Nj PadifRgntiarllos diffdrentREIdRterh celld Banatsutibedndiriatiirmatious

- M (1983). Pluripotential cel I,;ﬂgrom directly from
disordersral Foro exampahpgigially diflersntiated \ES zelly of thg giligoggndeeryte

. 0N i:Nj | O f r . . Y

i B8R LB BRI PR AT SBA: Sl and

progo¢éyinnatnflafodelie NibleeslagelediciyRrday (199, ppefiiedier)npartially
nmesoderm and ectodern). As is shown in Exanple 3_of

differgatiated fBSI eslls od the shongrocykest @3 mevgachyme Hppages cay be pisedin
i tin- f r | s f Kge t S

Bl b B35 B, el st e gt b,

diffeertiatad FiSoredls of thdepitheka diteagavanbe osed(in. skin regheerdtfon of a

and the E _conbi ' ) formed functional
Wo‘i@r‘ﬁtbb‘ﬁh&sd%ﬁuﬁgtgﬁé’%gﬁt he pluripotent capacity of
15 thh@afeenGE Ll re%w%c%@ﬁt%«?ﬁ%&, FhEEL Rell 148 of 1R pRekdhtihGéhtion

to nmonitoring a ferentiation state, stemcells are
cancillgoele atilszsd Be ipraparend ADNGY Borafyorel &avelorygoataniinated #ath olNA

veri t ol ggi,cal eupl ai dit erein all .
fropsinb e SR AR meGaRid hiinltsp BEbEaleDirgm the B sgls and i
furt€lel deeks€ WahsbiibBd to @thd ¢DRA. STRMDNA! hep&@tiodean be subtracted:

karyotyped using a standard G ensa stai ni ng and o
witls onglaetiies fionperpbiyeniedibratdasarndor thereasllp pf sired specificity, to

orre ndi e .cel l. accordi ng
o BRI Bl OGS kgl o 2ccor o,

nor Ted EX a&ly Ghy pethe phdsemti ingendion aml b8 Bsquae sagess farrfactors (such
fibronectin matri x when ) . o
as small molecule drugs, peptides, polynucleotides, and the like) or conditions (such as

culture conditions or manipulation) that affect the characteristics of stem 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



10

15

20

25

30

suppl enented with the TF or the TLF conbi nati on of

gromh factors, respectively (see Exanple 2 of the
wEx@apsass section). 25 Their pluripotency and Bi/in2083/001030

to maintain a proliferative and undifferenti ated

state for at |east 38 pass ges makes the ES cel

cul tures generated accordifng to the teachings of the
claii@s @Nthd BMEAE iseRicANbESFE f '

cl oni ng. Thus, the nethodhg§£%¥ bedﬁg% Q@ @gﬁgfﬁ$qﬁhbwug
exqilesude an additi onal step of culturing a single cell

derived fromthe human enbryonic stemcell I|ine

descri bed 30 above under the culturing conditions of

the present invention whxghm@res preferably xeno-free

and_devoi d of feeder cells to thereby establish a

si nBrlsrense iis gay made tosthecfollowing emlma@wmas 1agsther with the

s of S|n el | cloning
o e O adn i el EHPESRp i Bty S et
No. Géndsdify, @ixbnomericlaterie wBtd her2RQhd tEElaboﬁltcﬁJ?r prc;%%aures utilized
ectin

. 201 Such net hads 5yp|cally I ncl ude P

n 3]?% uib‘)eﬁm cBVPR9n, dnslude applegylps, y pochemisalo cindarphiglogivel and
I 0 I n

eSO DR LR SLOPLEIERMLS NI Sl 0

literadire. e fiof exaple'Motkedler @lonidge ASBH@ratdryﬂMaﬂuﬁhl%h{brook et
ce obtalned singl e cell

ol P00 g B asReee M i o logy b Sicfumes Ihﬁ@éwbel, R, M.,
ed.%l»@ DA Bsubel &tui n@um&ﬁ'}qbtbbﬁg% I\/ﬁg%fa tﬂlglogi'ﬁggfiuln |

of e present | nvention Is devol Xeno
SOI@OB@@Fﬁqiiaﬁﬂsfyﬂ&nddé%%erbeld "A(Hradftl.mhﬁuxdeltb Mclsatar Clomng"

r Q. Thus,. according to
Johé%{l%’é%{c § Fﬁg&%ﬁe@é n eh@le Blegq{n@H@} PN4A", Scientific
Amprioat B@dks’;l NéWtYUﬂa Birrdi 8@kl r(@ds?”’(&'eﬂ%wm#slé M "&f8lratory
of cell | acenent and/or tissue regenerati on,

Maggplpyerigy' n Oé‘dﬂr‘hl &ald Spnige Hisbert Ieahomtnty b:esqo afeat Nork (1998);

BSOS o KPP S, ARl AT Bl e s

5,192,659 ahd Fr2R057ngCeN eslhlégycel ILab&r%ton E}Peﬁfd%él@” V{%Hgs I-I1T
descri bed herei nabove. As used herein

.h t hodal og
el it o :4 agﬂﬂ %@leré@fﬁmnﬁah@éléﬁ oh Nenual pEBhsic Erdhmique” by
Ol while g to treati .
FI'C%EI@?VI \é}tljla IS, ff(;]rel ﬁ’g ? o) T(Jﬁsor 1‘[10%,uc ugrgn%;gPro?ocols in
Immeneledyd ¥ dlainesl iI-éHr@tﬂrgand L Sealll | B994YtT Sixesler al. feds), "Basic and

carg |ovas ular [ hemat ol ogi cal di sor der,
CrGR Bl (54 TG, Andgonds Lot oreai €6 (135dy: Mishell
andr Sidigh r(@ds‘},e'iﬁlelected Methods in Cellular Immunology", W. H. Freeman and

Co., New York (1980); available immunoassays are extensively described in the
patent and scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987, 3,867,517; 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. ., eds. (1985); "Transcription and Translation" Hames,
B. D., and Higgins S. J., eds. (1984); "Animal Cell Culture" Freshney, R. I, ed.
(1986); "Immobilized Cells and Enzymes" IRL Press, (1986); "A Practical Guide to
Molecular Cloning" Perbal, B., (1984) and "Methods in Enzymology" Vol. 1-317,
Academic Press; "PCR Protocols: A Guide To Methods And Applications", Academic



10

15

20

25

30

20 replacenent and tissue regeneration. The phrase

“"treating"” refers to inhibiting or arresting the
waoelewelosjarent of a di sease, di sorder or condi t PGIIL2003/001030

and/ or causing the reduction, rem ssion, or regression

of a disease, disorder or,.condition in an individual

suffering from or diagnosed with, the disease,

Pres@' S&{ BaIzo0CACARIDY; Imasha}msa@ ositraié‘gléd fok PrétbR B ficttibh and
be aware of various 25 met hodol ogi es and assays which

Chagasterizatiosed t4 afsfsl@s@mﬁhecdwel d}dmsml" oCSalldi ?@@sge (1996);
@ . sorder or i on I QUS,,
el kA Rl aRle 5 AR Bt MR, Rebrrwon B

ed. @1@87)‘03&@@ [RD PréseTiN&lipilatg the MASSE IEQ{bryxi” Haght 86A8E(2003)
di sorder or condition. As used herein

Cold SprpaiHarkgr Lay Press, drhird; BdifipasnEhangsonn - dvi Mersgall.ng.S. (1998)
Pnnl?é{g@ﬁbg% 3ferfi %leftls @u‘ﬁ%ﬂ{ %1% 95”1 tﬁe\%&pﬂbﬂ{a‘f :B%’l%y 385139165,

SUIt e rou

Manshlth .81 ONSkm&uMlAI ,alila@u&n ﬂrzﬁar(somut)ae@laum and mamtenance of
i ntramuscul ar, intracut anequs, i ntrathecal,

Primate PSHORIC Stwcrﬂé@ %ﬁftwﬁ ip Melgeylag Bie}w.léfﬁ Uml&aaﬂ of which
are RRBoEAL ﬁ | n%a%ﬁFl o?fset ?&Jt}g m Oﬂh@rlt é&%ﬁg %iﬁ'fences are

I ntracrani a rect a vagi na
providéd thacnghont tlﬁsaﬂb@men%l)m(;ﬁbﬁﬂﬁﬁ Sheﬁ’éfﬁ/ drk 2e08ved0ibda0well

26 The stemcgells rat.ed.herei n .can adm ni ste
kno§@ i Ty o B ot AN R B P S DG S o yegFT Al e
mfofxﬂhﬂl&i’\dzdh@mﬂ&f thiRin ﬁﬁn&)‘?ﬁﬁ}ht%a Gedird E}efe?é}éﬂc%t Ion.

Cul tured human ES cells can be differentiated into

restricted devel opnental lineage cells, or termnally
differentiated cells. D) tjiation of stemcells
can be initiated 5 by gmﬁgiovergromh of

FEEDER CENIRLFREECCOELTOR EESYSEEMS SUPBLEREISTED WHTHWENO-

formn errbr oi d bodies or by plating ES cells under

c o REE MIsD XU ARE St ed BLdY F D& GROVEING@ &S| GEBL LINES
par%léfﬁgtlx &5 é"i‘l” nv?er% ér%lfllgt%rrg Ig | %%gtlr%n'ggﬁeg nc%aclie SYS terr}s in the

raw ng

preseyitost mtimh@plh&&neﬁ‘ﬁ dhdl %ble@tb@@gjvﬂﬁ fbch@rs&lfi)pg@\fide a feeder cells-
pressure, or altering_the substrate on the culture
freeg Wie-glefned envigioamentios FSi calleerlBresdi f f er ent i ated stem

Ce'M?zte‘h%fk mﬂﬁ%’{’éﬁgﬁ@ﬂdgf‘?’f’&atl ng various disorders.

For exanpl e erentiated ES cells of the
oI | 9 defh dulooys e Hulandzyy eclchmesies, iseehnhio Nr &altskoyt-Eidor, J.

orders (Repair eljn disease: rat egi es and
Derf5afgh 280 Sphnhioi oo ) B g AR e s ay! Anat
2001%%‘ 230 513;‘} B 1.0 PRRdh&Inl ¥ A dief faﬁf Bk sk el ffhes
ondr ocyt es or mesenchyne |1 nheages can be used
deannd Jfamn r@maweb&astottysmo reicand 283y 142 d182)eorsge (ltsed with
mm?s%t embryomc gblas%o)(l\/ﬁﬁsj B 4%,' §|a¥d 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 Gibco Invitrogen corporation products,
USA). ES cells were then transferred to bovine-derived fibronectin-covered plates
(50 pg/10 cm?, Biological Industries, Beth Haemek, Israel) in the presence of 20 %
SR, 80 % culture medium and one of the following combinations of growth factors:

“T” - 0.12 ng/ml TGFP; (R&D Systems Inc. Minneapolis, MN, USA); “TF” - 0.12
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differentiated ES cells of the epithelial |ineage can
be used in skin regeneration of a wound or bum (U S
wPa104/05§155 5, 716, 411). In addition to cell replPCEIER003/001030
therapy, the ES cell Iine of the present invention
can also be utilized to prgpare a cDNA l'ibrary
relatively uncontam nated With cDNA 20 from f eeder
f 13 2
e FEL, WIS o5 R e Dl AR BB, 0 1.
- 1000 nuw/oiDNEukdhia ¢ilibiter dpaonat(Lr @HEMHZ@thIn‘@ﬁt&dnal Inc.,

vvlth nucl eoti des fro moryoni c flbrobl asts_and oth
TeniSgilis Cly Uittt dalpbbl O Lot yTLE o 0 grelipl TGFB1, 1000 wni

OB, N SR Ot o

Typad®dColtagenssed)Gibar Infviedgen Szoﬁﬁma’tfbn ﬁﬁdass SIITI&A} fcmamaﬁmﬂl and

tides, pol nucleotldes and
fe-Pfaé?fgmﬂ%Eg qugﬁewgg%e %R e AcPrding f@rﬁ; grﬁezmg protocol, cells
l:at t t
Werg%zfséi.’i' II%&E®E% )?gtllr;ge "J\Isfrfgc’ﬁe%ﬂ?% %@?%191?] c%ﬁél Sr%gg ﬁ% gts) GLBWso
(SlmususLoms, PEDLHEAY 1Q &I’o himmae séfuat ((éiﬂiEIvHGOcN Entematitoml, Inc.,

ren R 98] er Y 4 BB Sk B

corﬁdﬂﬁlcﬁlrﬁ§ms igpgntion will becone apparent to one
ordinarily skill'ed in the art upon exam nation of the

f olMomhﬂg)gt@& anysbeent Wi tellsrwern ekamined ndder oinyerted scope

(v lshheb o R LoemGR B fndBnc f nvent i on as

deIE,?@a,t,@@Ltdqueghmbove and as WD 2004/ 055155
PCT/ L2003/ 001030 27 clainmed in the clainms section

be | &yw/ifareténn éqqye‘rty QE S| cellgpp deader ﬁedlswéw gultm sygrems - BS
cellfﬁ%ﬁp i I-gm# \%Xf?% frt]r %ge léor ﬁgvl tnﬁc a&e%b%l\?%s in the

presdaseof mmm mSpladelrﬂehS buppleendnifed] Wil eelbttod giowth fAA6rs as detailed
imti fashion, Ceneral ]y, the nonencl ature used

o
in Mé&@t I H%rﬁﬂla’?%@ | B dhe cyltpre Jeedipmeyas, synnigaenteq withpF GF
aloR &S&{th Ip\éﬁHtHP@F gﬂi}l bR n@hﬁﬁé& é?ét?cﬁﬁﬁ)@s@@érals%asfglages.

m cr ob| ol ogi cal and ’t econbi nant tec ni ques
andt them rsivgiebed &0 elifférontouigh) yIrenﬂcﬂlaomed/hem Eheultte medium was

literature. See, for exa "Mbol ecul ar _Cl onin
Supplalals?fgé E*a@l@nesaﬁﬁa Fel kree%am% at the pogdighe rentl@%flrséaae for

mor%rtﬁ’el?rpﬁ%e% d;ig@ %’18('9152;}11‘% %e(ﬁ% - BBhd s} s?/%lyrf%iedlaula ! ﬁy C%e’slS.

et a rren
On th’e d\hﬁrélankl awheBlES @gt;urc m&d)llnﬁl Wild @I)pphﬁﬁnteSGmSh TGFB1 and bFGF
nore, Maryla (1989 Perbal , "A Practical Quide

(TF) @r W[t}églﬁfgﬂ &1B rﬁnﬁngGF (TLF) the cells continued to proliferate and
maintained normal features of hES cells similarly to hES cells grown on MEF.
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 able 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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John Wley & Sons, New York (1988); Watson et al.

"Reconbi nant DNA", Scientific 15 Anerican Books, New
worenk/osBsFren et al. (eds) "CGenone Anal ysis: APCT/IL2003/001030

Laboratory Manual Series", Vols. 1-4, Cold Spring

Har bor Laboratory Press, New Yor k (1998)

nmet hodol ogi es as set forth'3 in US. Pat. Nos.

4, 801, 531: 192
5. Hamppbisici Jiiuil of B E0i2S g P OF FEREE Bfifree culture
systMQk WTESe inotphblogieal |f¢a&1res] of ES, cobshies é:%%) on ’t'lﬁuﬂebwr&eni free

Animal Cells - A Man of Basi c_Techni gue" by
cultpﬁeésyﬁtﬁ%wewm@vm&l@éablmﬁom thosooftkS calenicy geam PP .MEF even

aﬂe&ﬁﬂ&é fh jg E%sggé%' é)vlzsfj?g?g ?mg%t&géup& «me&]?w c}h l\d ",I,"IBF and 53

passagels (n(dre than a1 2 Idayq) wdlea gyupplé@eiteddiithi the T F cAmbhmtlon o&growth
Lan Nor wal k, CT. (199 M shell  and Shii eqs), ..

fact@@e&eéﬁw%ﬁo@gm% e@ﬁ?% for SRReUREE Jgysase i Hordrcctin

feeder SEMBReAR R tenBf thegﬁ&e?fpfnlﬁer(tﬁ%s BES @Mkl %OnSéSSted of 85-90

| mrunoassays are extensively déscribed in th
% qfatﬂrfferanmtesicceﬁstmﬂl g dbublm@’ume of 30k, hdws, ekiahps eonsistent
U .S.. Pat. Nos. 91, 932; 839, . 3,850, 752;
withthgidgublid S 8%3'5%8%118 ‘%ersgi}ovsaern 79, 262; 3,901, 654;
3, S e Vitwed %n@&‘hl ﬁﬁ:@tl@oﬁﬁfES“oegg er'f@n the feeder cells-
4,098, 876; 4,879, 219; 11, 771 and 5, 7281,
free qUlfugo systdne oterel @mgl,l ratnﬂergumi W@ém % higit mu:leus éel cytomzn) ratio, a
notﬁl}% %r%l ﬁ@A%lf one tas hgéeigwtgglf&l amilr a/%ca, SB?CilI% ’bgﬁvcf:en the cells
Flg‘[&@g}ﬁL@t i on" Harres 30 B. D., and Hggins S. J., eds.
(1984); "Ani mal CeI | Culture" Freshney, R 1., ed
( 1988 cells gravomioni @ ferdee icels-fnel cRiuymEISten Raveucygyival rate

sim{i? Yot of B Bk B A 0 £oMRESGBL 8 801G on the

feeder 3bUs-freédcaliae ssfstheszsI;e fr&%aR ihrie Peeenice & BI%ISRTand 10 %
Met hods And Ap gl [ cat| ons", Academ c WO 2004/ 055155

DMS€r/ WamoEpe B8 oellparent Suther $avad @sore-piated 1hgo prhibited a
sun&{@@qlg%%nﬁﬁar% that oESE @glgg%gﬁ,abnggpot ein Purification

aracteri zation oratory Course Manual "
CSHEhRy dlsse (r&@ﬁlﬁ)demdh’f‘eatatthataﬂw TBnasl thedT Eftcopdrinations of

erop o )t Bitab Rgiopp B8 cul Bl gt ey [ GoTREaNBR Gafeior to the
TLIE'E%Kﬂlatlb\f?gﬁe B Rl ﬁxlohfe(rgtgglsaapﬁm | Flur‘é&‘ﬂne& @r&q{%

Press, Third Edition; Thonson, . Mar shal |
the @61691989ellsFfrqermdteree&mhemﬂh@lwemmbbhogwaldﬁmt an?licspr\msal rate

Wy vel o t Bi ol o 133-165; Marshall, V.S.,
Sm%’ﬂﬁﬁi I%%Ib?lgx/{lﬁ‘i (2001) Isolation and
mai nt enance of primate enbryonic stemcells. Methods

in Mlecular Biology 158, 11-18; all of which are
i ncorporated by referekSeAMBLEZ ful |y set forth

FE¥DER CEISIFREICEEL FURIES PS PRIRCs BPBLEMENTED WITH XENO-
FREE MEDIUM SUPPORT THE GROWTH OF PHENOTYPICALLY
CONSISTENT ES CELLS.

The phenotypic characteristics of hES cells grovén 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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10 provided throughout this docunent. The procedures

therein are believed to be well known in the art and
w@e@45353 ded for the conveni ence of the readePCT/AI2003/001030

the information contained therein is incorporated

herein by reference. EXAMPLE 1 15 FEEDER CELLS- FREE

CULTURE SYSTEMS SUPPLEMENTED W TH XENO- FREE. MEDI UVARE

SULIABEEF @%Mg\ LINES Human ES cells
were i ?lgﬁss err 0 fﬁéﬁ%ﬁé)ﬁl n- based culture systens

I N Kdigpotppe semahysisof Berdetts raplapliase niveranslodelendieg colcemid
romh factors tao provide a feeder, cells- free

g ) ,
(KapyoMaxy spicrt splpfiponfvirogedr (Eend dplpad,cie /84) apg nuclear
m%ﬁé g§§ec gﬁéd Iﬁiﬁngl{s h?_ﬁ%‘t%ﬂif_ %@f\%ﬁj?’cﬁdﬁg {o SHhd §Rotocols
(Intérnstianal Systendfor, Himan DtdgeadticoNomedclstpon tI&86™QUIG-banding of

differentiation of. human.enbryonic stemcells. J at .
chrejpsoTiss Y96 P(BI0% ATHING O [PHBHEGHE 3 MSticsions) (rorsa
Mefe _ryIQﬁ{}, | [ i 95

eblﬁgst ocy(gt s%seaslcr:?gr%:agi %gg§11i%%g_s7 ?11598%% Ia&/er edc?}lldt aerpgated

accouding toBhek®48% enbryonic fibrobl asts (MEF) for 46, 39

and, 25 sages. . J espect ivel ina.culture nmedium

corte PG ATy . otk KoTppl Bifnc BE W0; HAS By 4 %
par&¥6insdTietyap] Ki6G@Tbr { SMin ir 2/ dor@hUESIsBRm & BEBSWBiological

(3-nercaptoethanol, 1 % non-essential anm no aci

Indestbesk ,Beiim dHaemredyl braglF@ad(@micibdted doGoberoighh it t4 8gewith 1:50

anfiBaFF EbRE, PHERIviTa 4L atonet B ot E1oohl a0, TRA-

81 Hoab&an@hulal hibBdiedZproBidel agi PAIL PhAUSwsehe Bl &sity of
Haenek, Isra@eﬁ%? in the presence of 20 % SR, 80 %

Shegligld.urelanskli CeHsawere dhwn washed én PBS| aovdi fhghadntibated i vitls 1:100

o o B 15 iR o B 6 R
(CheRikbnOBhdrabtidiell/ TémOMM QH,088A)29 rtll herd Fibdliz¥d tdér an
inv%%/,dm bFGF (G bco I nvitrogen corporation products,

) fluerggoent’ micrpgpope (G RLe drissi Getmaayb ot 6rconfasabmicroscope
(BlLF; SN ti Inc., Tenecula, CA,
<Bl‘ﬁ§&§ %Btt%é{h hgfﬁfb‘@é’ﬁ}@:t@&@w" -'0.12 ng/nl TGR(31,
10QBxpekimentdl|Resalnid 4 ng/ M bFGF. Adherent cells were

split every four to six days using 1 ng/m_ 5 Type |V
Col ¥ 'Q&é’ffﬁ%—betﬁﬂ{;feedqrrﬁfillfﬁ&@ EHituEs ystents; Seﬁplﬁfn@alyﬁéw{h xeno-

free#Jg‘ﬁi\turfeoﬂt e PRI EST &R v@ﬁfﬁ gojrz%lst]:,’}t ﬁﬁg@gﬁg? LRI Bh& Y eeder-

resh medium” According to t eezl ocol,
bases| protocoksr e Keanyptypei andlysipuiwdasniperfogest wsi hiSf cebzifoltpwing
cont?iglllol{ltsi 0 tt?r?n%s io%t irhrclag ﬁ%ion]égtilg{qba[l)sl\égofeeder cells-free culture systems
supplemented with xeno-free culture medium. Karyotype analysis was carried out on
nine separate cultures, representing the two medium conditions, TF and TLF, and the
three hES cell lines (I-3, I-6 and H-9) at different stages from 6 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, cultured 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



10

15

20

25

30

(Sigma, St Louis, MO, USA), 10 % human serum ( CHEM CON
International, Inc., Tenecula, CA USA) or 15 % SR
W@ nw48851%5 Ko- DVEM (G bco- I nvitrogen 10 cor pore€T/ore003/001030
products, USA). Morphol ogical assessnent - ES cells
wer e exam ned under an inverted scope (live cells),

usi ng phase contrast (4 ympus, |X70, Japan).

prolé%fé'ﬁgia gﬁf&% ﬁfﬁtaéﬁglfgé’eﬁ fp%hb&ses LliRRe. GRRABIOL Y2 2#1583%2000)

ree C ture systens -
chrapedsomal irtablility ersa)ZI_ o8qur Jon6EA el l$Hvéhensnuéuted afios feeght ebritles on

| f
MEF o bt g, T eiraion EAr Rt e eb oGl oeh “hLgE dpems
of Sy ek pi 8o Py&a 9l A %B@%i’;%ﬁfp\éyb?@ﬁ%%ll&u' ture

medi um was supplenmented wwth bFG-" dlone or with LIF
ancHivh @ ES_&;I!S @éﬁuml e fieddar) edlsdmd chleratsyserms ovpplemented

Wil R e e e S UPOPETe e akers ¢ Jpeorigiafoy fyrther

chaM@eeriz® tisd EligBH HRAfivdohBctihGsdd FéABE celkSré&ebihifure systems to
remai ned at the undifferentiated stage for nore than

malmtalrpa@m@é egowiht ofgrugnans BS gelly IHé?owag/ pertermed g lyurfx@m Eg cells

i R PR e Sl RIS $90, e,

SSHAFIndSSBAL h Folwih % 17|-dnﬁ %%s&h’é@zm( ﬁkﬁ}estshppléﬁbht&d with the
continued to proliferate and maintained nornal

TF pad TlFegrogth fﬁ@@réexeﬁgecgwﬁw the| pman hiEg-e &N sellgr damppnsiated
hlglg/bafnpges%i‘rbnl_fgwy &f the\gf%He%pg ohl" %mgﬁg)\[méb éé\qng?%h*tgsﬁh theaC our

I'mation wer e a’si uring
rejepiuss agkgenc €1 RA)-gr&o)gvranw TRAtHh81 {Efguessnbé-hpt I’ﬁftsa\ﬁﬁz&kers are
split to 2-3 3 simlarly toﬁ%cellsgr
mepc Hasiedics a@ﬁ Hg iffermtinted| £9 e?eélm opgee i ehel °(1998).

Emgné/lgﬁg‘{tgrggéeélb PﬁesThgn\%Q”ﬁbﬁaﬁﬁrﬁé}r bﬂ%%gs(}é h§01%r§:%%2 1145-7;

ture system suppl enent he TLF
Thanmobi Mgt éton. OFO9G). Rihipdtentt ml]shmsderaf@ﬂ efr¢m ®uppa@r marmoset

ccallfhitp st g ot s PN Eipred sehtad o TiShsRa R et o bs).
Isol@floVEFa pM¥Ra0QdK 955 d 3R nPEell lide? PAR/ AR A38d SS0USA 92: 7844-8).

Mor phol ogi cal features of ES colonies and cells in
Nomblafd dhe stdgespeeifie gobryorie amigen e3rs(SSEIN3é wasy ohlyl ofiderately

f_ES f eede |1
exppifi P Fep b o o o e RS o s ariefibd eSHFALE o
uniG@ BakeSohewse B cdlbwaenet deteatbd edatdB5t@hbWA)) 56

passages (over 224 da%/s) when suppl enented with the

TLF hese ssubls pdemensiiaie| ibpte theaifcedan @élysﬁ)eemgﬁure systems

supﬁféﬂﬁh&ﬁ%ﬁ?%ﬂ&rtﬁfl Er%w-ﬁll: fe?c%}p 'J@éﬂl@'ﬁb 81 aintaif! %Hlan 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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factors (not shown). In addition, at day four since

their passage on the fibronectin feeder cells-free
waeymnesied the present invention, hES cell cul PCF/ER003/001030

consi sted of 85-90 % of undifferentiated cells with a

doubling time of 30-35 hours, which is consistent

with the doubling tine of ?I?ES cells were grown on NEF.

10 rragnl fication, hES cells

groﬁ\?mb@glgntlﬁwp%%mh free culture system were

s ek érnautidnrof endbryeit Ibodteh (E}Bs)rﬁm}z dugndnoES y‘blbspi Haman ES cells

ratio ot apl ence of one to thre l eol i
ErO%R P (s Tpsfer ﬁ%ﬁﬁ% BF15FR ot RO VR T (g opwell plate
(4030%m>) %§lt§r‘é| HyST @O G%ﬂa@enfageegg h Iaﬁd fr2e fertldr la'is%%mated

system have & survival rate |n1 ar to that of
1ntocmldlhclgnpsmslm1 1R Gitan figetiettgrsa Jherckferg disksciged vallsomere
th eder _cel ree culture systemwere frozen in
cu“iﬂﬂf@ ‘Br@s’@ﬁbge Sli élilses Sin FeIpany) 1BYSEEdivResPIEsERE AT Y %0
Ko WEM Vﬁf)ﬁexfneﬁtteﬂ &Fith b@"% el @oﬁﬁe RERLE G{eﬁﬁb%y 4y, lH}Ingne
survival rate simlar to that of ES cel rovvno
UtaNEH SAThumMtlhekeamias,ud.1 snMe[ana’ca;ad)c&hztﬂmatantlhle (VTEOI&Bﬂ;entlal
the TLF comhi nati ons _of %ﬁgromﬁh factors are i
amiggjaciditecks oY nlgssothevish la.@te Ve Burphased fisop Stibegnnvitrogen

coq:g) tF(Sﬂf, YUsA. OFérHIedtlolI bFERS {A8d ﬂﬂﬁmégg }Q%ys in sus ensmn

eration capacity urt er nor e,
t heTdrewaers ﬁa’rﬁa&ohr—% cellstwlere dsyei Eorred koiildead wells in a s1x-

weﬁk&g g%oo% qf gla]?ﬁ}:] {5\%?? mfi?E revrléa\éra Bgrwat eoée f E o 1d male

SCIEEbéige FifeE EHREeI-EXa%ENEra%HPPk%E@MPEQeWo%EN&e RREF in
MEDI UM SUPPORT THE GROMH OF 'PHENOTYPT CALLY

forr@@ﬂ@n@mmrw@@ SEnlis:d hikelqgiralipsaf féast therdkstpest-isjdction.of

cells grown on der -fr re 30
sys %vﬁﬁsesﬁg ERERE e; WP@I %E’Fr'egreﬁ%% YaF gsolated from
eith@y ahdigteRdtised RgmaLIHS &l f oWk Regert 65 FRbE cAfture systems
undi fferenti ated cel | s. 2004/ 055155

for RERSI ppeRss ©0 ToB0 143tnyNid dBisatreated droBx Brdelte rarewn on feeder

cell%@}elgogo dﬁﬂ)rng AlsyRe T%nﬁlaﬁ/g%%tf(klt g%l)%g-lél c 4 mE%Pé] e SN ullls eMO

cked using C ol Ut

USApvdctsrageno the andufastugdt, prdtécolUSAPNANShnithesisefds performed on
menbranes were |ysed in an hyEot oni ¢ sol ution
1 18 ol RA bl daviee pYRfIoY oRd-RNase Eominus (Promega Corp.,

Madison, WI, USA) according to manufacturer’s instructions. PCR primers and
reaction conditions are described in Table 1, hereinbelow. All PCR reactions included
an initial strand denaturation for 5 minutes at 94 °C. PCR products were size-

fractionated using 2 % agarose gel electrophoresis.

Table 1: PCR primers and conditions

Gene product Reacti
(Accession SEQ ID NOs. Forward (F) and reverse (R) primers (5°—3°) Ceafroln Size (bp)
number) ondition
y 30 cycles,
SEQIDNO: 1 F: GAGAACAATGAGAACCTTCAGGA . o
Oct-4 (S81255) | SEQIDNO:2 | R: TICTGGCGCCGGTTACAGAACCA annealing at 60 °C, | 219
in 1.5 mM MgCl,
Albumin SEQ IDNO: 3 F: TGCTTGAATGTGCTGATGACAGGG ism calin tcgocffcs’ 302
(AF542069) SEQIDNO: 4 R: AAGGCAAGTCAGCAGCCATCTCAT »i _— ml%/la;\/IgCI ’
- 2
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5 (I'nternational Systemfor Human Cytogenetic

Nonmencl ature, |1SCN). G bandi ng of chronbsones was
w@eeohositetl accordi ng to manufacturer's instruck@DIR003/001030

(G enmsa, Merck). Karyotypes of at |east 20 cells per

sanpl e were anal yzed and reported according to the

| SCN. It nfnunohi stochenist3y - Cells were fixed for 20

m-Nn—in /| 0/ 1n Ay nf Ay i nlnln\lnlg hl el r\hl fAr

15
LR e afat+ofrar6Gen yutcs OTOCKT LI ®4) To—Hth | ]

o-eprot@n QTsBRID NBBAL | 18 BE1SBATETITEA G RIRLOSN i cal Rdust rades,|
(BcBetsh Haeemlkp: sl s| metdccamdcimauisatpadastor overﬁeﬁ,ﬂﬁi vk, 4
Cwith 1:50 dijJutions of SSEAI SSFA3, S

473

NPT §| A NBaANkK, r: bRWBAAAYIGA)AcaARER0, TRA- BY np aggfles
(AYa3369D)- N LsR@UD Narst | poAdTIeSTCTEIToMIrehedTioy Prof . P ?&%&E

\-ar

brt-vefstty—of —Sheff+et-d—Engtand—Cettswere L||t:||l
acaMmsiied SEODRBS ad cbarravesTdonoubested with 1 300, 155 | 4
NMfP{1E} | | GRIPHP: 1o 1¥<:é9TC§ﬁ?’?cﬁﬁ‘%ﬁ?é‘8TﬁG§@ ant i bod| 28mM MgCl,

conjugated to te Tluorocnrorre Cys 3 (Chefigcon _ .

LIF | Radegtqr | HEQ HAQ] 1] Téﬁﬁfb"e?‘l%G ). Cells wel @nelingat6l°C, | 459
(NNV}O?%I Sf%@“ﬂnae ATGlTAhvert‘Wr | uor escent ndfod¥epe

(C‘ARL Zei ss a confocal M crostope ey,
b A bR R L e 2 |

peri mental Resul ts 20 Fi bronectl n- based fBédBEMEE| |is

free culture systerrB suppl emrented with xeno- free

cul ture nmedium provide ES cells with consistent

karkereyiyersd Reswles  eeder - based protocol s - Karyotype

anagpy Ly W er PR dYE Pnto S Biybil '@ 1 1l

conj?'lgz:uosu Ifmﬁélﬁﬁg or{ t he fllbronlrz%ltl nggase erecg etJFpeS n
vztro,efdllawingeﬂzemﬂenwwd SBymt thegeeden pgﬂlsefremttdauw systems - To verify

that GRS B g o ROR AN U G STror BB Sy

ﬁmEﬁ&ahWaéT%ll% 1%&?191}&)10@11? wcondi st@ﬂdw-ﬁh Fun®dES NR1Ls tdefiesd by

cell lines at different stages
feecﬂardms@i pmto@QISpd@sFé‘g esllsomere hrgno fn@m the fteder ¢abls-free cultures

cultu system This I reveal ed .
ol o7 B Fsadlt By REF 4R 23ISRt 1Y BB s grgpn in
susﬁ&ﬁ;ﬁﬁ;g eAsQ whahn 1RY tellsefbrasd tehfbrﬂ'cﬁd sdiey f(EBB)ZI sﬁﬁllar to those

assagi_%f 32 when cul tured on the medi um

crebed by Lot b nawencMEp (g 8eabnEhmEMCRARY Y ph diejpolated
EBs Zvas ﬁﬁﬁé@qgst&f)ﬂ Fec TRGRE v RN eﬁﬁJr&z%s CLth Tt d% s.] Qs is further

one were at passage post ri'vation
sho&.fn ﬂd‘lFltghredeHammmwdethe metitrel §peelcﬂiertub1dﬁi whichriserom an

| ture system suppl emented = |
cctpqsmmat gHEARRC SmAdLh TBySe A Fheycgeﬁs B S O etfnal
Onég’oryonl c stemcell lines naintain pluripot ency and VO

0

04/ 055155 PCT/1L2003/ 001030 32
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 i.e., mesoderm, endoderm and ectoderm. As shown in Figure
3, while undifferentiated cells grown on feeder cells-free culture systems
supplemented with TLF or TF expressed high levels of Oct 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, a-cardiac actin which is associated with embryonal mesoderm,
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proliferative potential for prolonged periods of
culture. Dev Biol 227: 271-8 (2000)], chronosonal

WO puakiltbi ty may occur on ES cells when cul t uredr/fian03/001030
ei ght nonths on MEF. Taking together, these results
suggest that the feeder ceI | s-free culture systens of
the present i nvention suppdrt norrml and stable

and (R BE R0 oS Botor i ERBe i B b ipfierm.

’Ihe’iﬁrﬁﬁnﬂfe@ IR PSSR EEBs SARHIEO Ra§ conbidi@s @vﬁﬂaﬁr@@iﬁ)ﬁs reports
In order to further <characterize the ability of the

of dimimishreé 1t A-cxpretion édteving diffeserftiatien ofi katipotens pelisdmsometic

. [ i h . HC

inefis QBB O it B ETRESORF Ll i ) pipgy human

blaslfﬁvykt@rs@i&idebzsil Q34 5-171C RUGhinGTf T ok- £ 0¢2 065 Abrybific btedd cell
SSEA3 and SSEAL. Fol | ow ng 17 and 38 passages in

hnes; lﬁ%b@@@@@ﬂt@ﬁﬁt sqngtia Aifferrntiatipn &p ariom. Najr Bigtpchnol. 18:

399 rri) ra % d&%%o‘u%l? ﬁéﬁeelgé{%egv iF%lu(l)&#] ?rhe' &S Sffect of

reSSIO

elg}ﬁtgﬁg»eﬁlsmetotsfomthembﬁfgremiatloaruflcgnmdéh\(eﬂswhumm ESt aetip.Ufroc
ectin and TRA-1-81 (Fi

Nat] &6 HL} Sci %§§e57ifgﬁ%9$slza&goo)b ypnibaM. ehak ’aHP@PP Jetex Tgers for
d 9
B 5 ER S ERER A 0 oo Shonl KA D e o

Humhm&hﬂbcyﬁﬁ(s stefic icelic ea 8Rfferkitddie Anto Myoowen wik, stetictadal and
(1996). Pluripotent cell lines derived from

funchignab properticeal | e ?mwﬁygf‘écﬁlgl}n Hrvash §e8 <104 a0 B cet
cultBFeQ gh@ﬁave%%ﬂqegdeg;@'é %Amcfﬁlfﬁ:'rcntl{aﬁgl? 5k1rdeed some of the

I'solali on of a rlmatee onic stemc I ne. Proc
cellt\d@bélﬁé\C@deéSdnkeU%uﬂﬁi aﬂ84cﬂ-081]d1ac MNatmablere didve expressed in the
t.age- speci f| c enbryoni ¢, anti gen. 3 EA3) was only

undﬂ%eeﬂeﬁeéﬁ §S oglsef phesrsat m@n@%@&%@%&n of the
st §é Ifeklﬁtsq{ég{ Qtﬁtg 1R hL98A Bk Je§§gtﬁévgl %r?the%@écf&' €ells-

mar r o nouse was not dete dat a not
freestudiwmres. ofﬂh@m@smﬁmﬂeﬂﬁorﬂmpﬁhi@bﬁc@hmtg fuhetidrab 885 with cells

cel | r sterrs enmented with TF or
that‘laﬁ‘?déﬁe&ﬁ?‘ﬁteﬁ %h(?r %S%t’é’ IF{‘?Q intain human ES cells
i N pramad s bémr &ﬂidr@ti 91%%%%% %el?s\lﬁ De %éétRemcgarﬁg ?g%g%?tiate into

culturlng perlo S. |
emlmm‘umr@\!@"em 8WPEEWENT@DuWaiME¢\me apibiey ofvike| fepder cells-

froc gt QYU ShETe o PUREATT 1. BRDEY (e St tRPa 57 puman

ES ctlld itE eRBryvyisl & By ESREIEde tebted SoLitrdteRh a‘smmnh in
and xeno-free growmh factors were tested for th

vives apalégwipgtinicetintnioeH ol Beigeyaigeedeils sud 1o ca%lculwred in TLF
for tz%reﬁltdof@ﬁaésggéél Y&pectively, were able to form teratomas. Each 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 epithelium 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 teratomas in vivo, consisting of
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WO 2004/ 055155 PCT/1L2003/001030 33 Material and
Experi nental Methods Fornmation of enbryoid bodies
w@ EBgpsfisdm human ES cells - Human ES cells gpOmL2008/001030
the feeder cells-free culture systens were renoved
fromthe 6-well plate (40-60 cm) culture by Type |V
Col | agenase (1 ng/m) and HWere further di ssociated 5
. C 0 l's
issyf o Pteom “4P TS R o0 os e “OMHRE itk bl el fee
profdebls) theicaln@s si$tem 0€ the frederBinydntion @nmawdtmweloﬂsﬁﬁddl, Rého-
of 80 % _Ko- DVMEM supplenented with 20 % fetal bovine
freesaltyrR @@¢1Pw1te@8§a proprsating humeg BR cellisa) | 1 mv
L-glutam ne, 0.1 nM P-nercaptoethanol, and 1 %
non-essential amino acid stock. Unless ot herwise
noted all were purchas&XAMEREE bco | nvitrogen 10

YRR aivo feer, REENER bel s FRRE oL IR §ES reps e

svnﬁ%mkbﬁe OROWEVGPHENOTYPIEAR T WEONSYTERCEHBMBAN ES

well plate (60 cnk) and were injected into the rear
Ieg nuscle of 4-week-ol d GHlIS SCl D bei ge nlce
( | an, Jeruﬁghen1lsrael Resultlﬁg ter
xS AP FOPAKITHe K SRR {8 B
hulﬁérﬁES?'c@l%i a@lolnpletdkehRBEE fée’%lei"'@&i‘ssﬁé@éﬂmk@ 1}@% s déweloped
Rever se transcrlptase (RT) coupl ed PCR - RNA was
using byrmpeoriginaied fibretestin as dinpdtax émt ¢uivgids hEFesllESndetens-free
e fe der S- free cul ture systenms for
ﬁmﬁggfgtpassd@ggnognPW%ﬁ$ ﬂ day-old EBs created fromES

ceIEﬁp@iMamesﬁlﬁgder cells-free conditions usi ng
Trl-R%Hggnt kit (Sigma-Aldrich Corp., St Louis,
eofdedey cr’@v rae culgsrsugens seppoTtihe st Ofwwn ES

celﬁyﬁtﬂe%mg_rccggﬁé @%ﬁf)ﬁgg?@ @eﬁn%&%rw%‘ér%gg& afﬂgS cell

cultdkes, hﬁﬂ)naﬁgma&dr@rbmcﬁaméraotedr ar fesddr I%Sﬂi—ﬂeé bﬁlﬂﬁe sﬁﬁfﬂns
primers and reaction condltlons are descri

Thergtuge mediygy wchded ssrumaeplagsopent 15 é\*@mﬁ%qt@fhwh thenl, LF,
TF] Ql'l& B F S%}re A drpat lé[)ﬂﬁ)irﬁﬂmfxs? r6a55 d%cﬁ%@% h}ﬁfer 9ﬁfla%naFCF5nd

products Were size- fractiona usi ng o agar ose gel
Expdrienntad fYietheds sn ER&mplebl derkinaPGR. pBiottehsmamglasma fibronectin

condi tiQns ne duct eactl Accessi o QI
FifRREot H O A e SEEE: (B WTebO( PSAgpnd cclhular
fibloR8dint (Fekrob@R CdRiar ﬁ‘é’rﬂ’qglﬁﬁan foreskin fibroblast, Sigma, St. Louis,
MO, USA) were found to support the undifferentiated growth the hES cells for at least

e C 1n1cali use of

38 passages (approximately 110 doublings) in the presence of 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 doﬁbling time of 30-35 hours, which is consistent
with the doubling time of hES cells were grown on MEF, demonstrating the capacity
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-free culture system to support the growth of long-lasting,

proliferative and undifferentiated human ES cell cultures.
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30 cycles, Cct-4 (S81255) SEQID NO 1 F:
GAGAACAATGAGAACCTTCAGA SEQ I D NO 2 R
W T0IBITSCCEGT TACAGAACCA anneal ing at 60 C, 21BCT/iI2003/001030

1.5mW MyCl2 Al bunmin SEQ ID NO 3 F:
TCCTTGAATGTGCTGATGACAGEG 35 cycl es, annealing at 60
C, 302 (AF542069) SEQ IDNO 4 R

DodBae 15 AT o0 kit s vt e sty gre

pheh@y foally W‘EEQWWz ) Ifby&hle&li’i ived fibronectin
%BCO27881 SEQ | 6 TCCCCTGAAGAAAATTGGTI TAAAAT
Jeedgp cels-frag cg{tue@smtefms qulﬁ SIOWD i8] RAy CASSAEES. 618 k’B‘I@E@eﬂB‘M

o i AR AR R i o AL

factﬁi;s réfathedian uhdifidrddy(ted eslicmorbhalbggc tHcelEQrdre sﬁd@ll aad Found,
TATGGTGGGTATGEGIC, 35 C | es,

Wit ER TR TR AR cseal gﬁ?ﬁé%g gefeoh and
tor SEQ ID NO 11 F:
typléém%h&‘&lﬂ%gremwg%ugéf%guﬁégggw( NM 002310) SEQ | D NO
12 IR ad@(tWﬁGﬁAfffﬁf[/ﬁlESX'ﬁéld?Ggrowmelalal xagpodftees feeder 4810s-frean culture

Yot Y O OAP RS TR SReE RUS 38 T2 pesvages (pagohovm)

Ooﬂgﬂebv%@s IAsNQrtherl fevBaled b(y;_I_IHC human ES cells cultured for 16
CGTCATACTCCTGCTTGCTGATCCACATCTGC anneal | ng at 62 C,

pasgges on A csnmplwwg)drze, f@dpe¢qlhefrﬁeaswstmlsqzﬂpre§s@salb@hw@tenstlc

ont an ous d fferentigte,int r ic .n1|a
emGHRRE BT HaEts Y pRAE o0 SRR R S A e R,
f eenfis, th@lsé &sﬁl’tﬁ@erﬁéﬁsﬁ&dﬂé&h@ ¥ 532811 of thECbov@lété ¥%en filebafeeder
human ES cells cultured on fibronectin-based feeder

cellg-diep systems te suppeTe phgratarienl poasistariet hwnan B, cells, meintaining

e SOBRRRYR' Rk SRACKTA b A IR B8 g o
wpKSM@Mﬁgmﬁb@mﬁ&hen&ﬁa@er cells-free cultures follow ng

22 to 30 passages in TLF and 28 passages in TF and
wer Ehege gﬁﬁppliisnth%refore suggest the use §Pihie “Reno- free, feeder cells-free

culture systems of the present invention for derivation and culturing of human ES

cells.

EXAMPLE 5
HUMAN ES CELL GROWN ON A COMPLETE XENO-FREE, FEEDER CELLS-
FREE CULTURE SYSTEMS ARE FUNCTIONALLY INDISTINGUISHABLE
FROM ES CELLS GROWN ON OTHER CULTURE SYSTEMS

Human ES cells grown on human 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.

ES cells spontaneously differentiate into embryonic germ layer cell types in
vitro, following their removal 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 phenotypically consistent with human ES cells derived by
feeder-based protocols the ES cells 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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suspension. As a result, hES cells forned enbryoid

bodies (EBs) simlar to those 10 created by ES cells
w@e@wosass MEFs (Figures 2a-c). The functional i pgT/of20031091030

isolated EBs was further tested by | HC using various

enbryonic cell markers. As is further shown in

Figures 2d-f, EBs expr essetf t he neut ral specific

maRUHBREG A2 FSOTIAR 3SRl D0 Wi I
thof dréiitéd byl BS kL Q0% PnNIEFYEFIguex pa-€psi on within the
EBs was further verified using RT- PCR. Wthin the EBs
st dip-censigentigene expressiRrewithin Ge iy waefirther verified pgngRT-
h
PC%nngs gfrnren g nL?Lb ¥I8 ddeﬁs %%Z%Eﬁtﬂ%e\id;] i%ltcs %resm%ﬁggf%l%?ﬁ téle three

embiionit feerme tdyietd 24, meéddSrrg,r@de@m irelesbesdecal | A $Hoee in Figure
cul ture systens supplenented with TLF or TF expressed

7, Wiimundifferentiged cells gropm gy xenasiree, feqer icstis-frge cplfure systems
sop e T B LBy B LFORE R LI it e

7), oéllsnmarvestédafromiel et ppoldnE B 208i¢ysed Sbmey) Ghidhsart dssikvated with
cellg.g’g e(ﬁ?fjelgﬁapgt%rn\é ?I)Z:}lglglgfj [gglgl']p fpr%%{ N E&) E:l? Slg er(cjilated with
eml%klfnféﬂ re%{&iblglltx | on d%lt e#:ghe i W kbliade S‘Jtlth( &ﬁb%nzﬁ%@sodeﬂn

IS r ate ryonal ectoderm a-car

andag-fétoproteie bnd @b@ﬁﬁﬂs‘dtlabﬁdhmmbhu@imlwmlof@ﬁﬁ)@ﬂﬁfamndﬁﬂhm
2004/ 055155 PCT/ 112003/ 001030 35 and a-fetoprotein
andTRusp these resyith demongtraie thes bgpan el é%usog@w@f on the complete

xen%rﬁ’%é?&% %]FSOQ&{ Eﬂltur;_;]gfﬁl Fﬁr&e?l? Endve%én éree e or#focrlleatlng

es WasS Cconsi s revi ous
funotiorcki EB8 M&fh&iéllﬂfﬁat dreelficresisdtatofthé tzma;u@ @omatic hneages

differentiation of totipotent cells to somatic

I i neages [ Thonson JA, et al. (1998). Enbryonic stem

cell lines derived frO@é@W bl ast ocysts. Sci ence

282: 1145-7, Reubi noff et a? (2000). Enbryonic

FEEDER EELLSFREE CUDTURENSYS TEMStISICRRORT N@RMMAIL GROWTH

: Copi . , ¢ . :

Yo hAND RebhireRbaln b Pr oo R i oncan

[ Schul di ner M etpgpipr¥dNECISTEN CRILGRt - growth factors

on the differentiation of cells derived fromhuman ES

cel Te furfrey ccharlaleuenzeﬂ\&mbasmltyusiﬁh@ Teeder GOIB-fic® QRADEOYystems to

proBigls, JHes AUt o G b Tehie, 18, Hpgaction of

undi26eatiate K@t cells were Qietermh'iéﬂaﬂﬂ BRDraennivhdet €mie® bdlturing
can differentiate into nyocytes with structural and

condifipasi onal properties of cardionyocytes. J din |Invest

L08co AT (200N FS S bt B WY S i

degree of roun entiati on
percértages 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 8c, pink curve) hES cell lines were similar to that of hES cells cultured on
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cell-specific genes, |like album n and a-cardi ac actin,

were al so expressed in the 15 undifferentiated ES
w@edumsafs t he present invention (Figures 3). TPCBEIL2003/001030

these results denonstrate that human ES cells grown on

the feeder cells- free cultures of the present

i nvention are capable of c¥®eating functional EBs with

[ t hat iff tiat to th
MEFS e attisn S it Feish ilingd e AugisrdRipf Stpprgtin
matfiglih tifeUbrbstngs oﬂBIﬁl%Qlﬁ@’mF icBi®irdafibR of ZRLVANITANER] the (5\Wh rates
| ayers in vivo - further substanti ate the abi

Ly
of tlesf I B Bighrectie Highidilne curve)e thedub (Higereps tighisbleg curiie) and the H-

o (e R0 LR TSRO abafet & BRI HES R egtrred

on WEHTFR. t ot 8@ dthér hatdatwiien ﬂileferraéllsoWetmculwwda onﬁmwmwimed
injection to SCID Beige mce, the 1-3 and 1-6 cel

fibrengotin mesdrix in theppresenge Pighe Al combpraioagf erowibsfpeers tb% gipwth
ratel/oF ﬂleapé ZF re]c &L T tcﬁ rcﬁf\% tr{ﬁé 1- GE@?%J{E %E aﬁl?ﬁ?cﬁ’@e) and the H-9
| Ssue

cont al ne ep reée ative

(Figumnd By,Oslack gzﬁIVB) hBY etl$ lines oletidllovger agyelripasddesitin aE\‘Beceinfhnes
ectodermal origin (Fl gure 4a), detajls of hyal i

Cul‘ls‘%ﬁdt o1 M san T, the qyﬂﬂ%@%@a@qt%ma% PR W@G&ﬂ@lﬂa phe TLE
t&ﬁﬁ&%@ﬁ ﬁa%{otrg gléde Fig fﬁgﬁ&h EBrcg@;E{ Bhati® b p‘M?héH?ed With

relat e en I gure n con usi on,
onlf tireefiF EGmbalatien gf gmwth Madtte shppaern high hsl horem! gudvtthraete of

ems,. 30 of the i nvention were thus
hE§%ﬁi%Ff%I tp {hat Achie r?E‘t Ei’%m cells grown on feeder-
basgtmahl ESeEB: clltRirt LY ?&g‘éi Eél&tﬁ&} &pﬂbh'@ Rystbis sﬁﬂzmﬁm high

expressed genes assocl a hree enbryonal
percpantagds a;femy!tffelrenuutedocella ndT'é cfmth@t erewtemzasthe reapaoity, of the

i 04/ 055155 PCT/ L2003/ 0010 36
feedif C2{ISiaP YRGS (NN ARG iy TOpPE, TRETrgrated hES
cellUlek ke Blabednsiogadgitfefetih®d fcél@@we&rdété?ﬁl%e‘él follRing W, 6l4he 10
systens of the present invention contained a

dayp@n |cullerfei nAsl is shavo irf figerecid, tvme@ i icelln weet abiueed o either

opagat i ng, hun ES cells LE 4
ol R R it i Ry SRR UL or the TLY
confBihakABk b f FERVEREAMINGa F}h@b@%@h@é&- oY tﬁﬁ@lsﬂ%%%ﬂuwﬁd&ned
ES CELLS Since an aninmal -free environnent is crucial

undﬁ%ﬁ%relatweC% eepipllowngistdays dxcwture. 1 9n Mg efherEgnd evhen hES cells
wel%o & %Qmee rfﬁ)“f‘onefcﬁﬁ qﬁ‘étng th the fgﬁ'@sgnﬁ" éf" 'tHeeL'?y ﬂTe B or F

eve?oped usi ng human-ori gi ndate ronectin as a
conmana"tum dfagrowtl faotors) ghehpeBeargddes of andiffcemmbiated eells was 77-85 %

following 4 days in culture, and declined to 60-75 % following 6 days in culture.

Thus, these results demonstrate that the feeder cells-free culturing systems of the
present invention utilizing fibronectin matrices and the TF or TLF growth factors are
capable of maintaining a high fraction of undifferentiated cells, similar to that

achieved under MEFs.
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suppl enent ed nmedi um and growt h factors. Experinental
Results Xeno-free, feeder cells free culture systens

W@ appositss he growth of human ES 15 cells - ToPCrE20€3/@1030
conpl ete animal -free wel |l -defined environnment for hES
cell cultures, human-origi nated fibronectin were used
as feeder cells-free cultu®e systens. The culture

medi um i ncl uded serum t (15 % suppl enent ed
with the T, LF, TF ang%%ﬂ@ggg?\?wh factor conbinations
THESTIHRAND m@mmm)m BIFSGRWO THREC TORSLARE NeITA%I E

i n Exanpl e her ei nabove. Both human pl asma

f iR %@IN MWJ\(@-‘E& GREEES IV DR MDERa(é%LS-ﬁ%E@

St Louis, MO USA) i bronectin

(Fi br onecti n cell u|€ﬁ?ﬁ%§g@§%§ reskin fibroblast,

Si grefurthér. subStditsate tHdda &@ez)oﬂmé TLFoud AR confbippiont of Ql%wth
undi fferenti at ed the hES cells for at |east

factors 4o syprlepapipe By gﬁﬁﬂ@l cellsfreeqystsmsn gdditippal trpadripgselavg é@en
use ‘ff both the TF and TLF growth factors conbinations.
n addition, on day four since passage on the
fi tﬂmﬁaienmllﬁsﬁmder cells-free systemof the present
i nyention, hES cell cultur S consi sted of 85-90
undPRa Efcells engiaally suliyred on MR sYers gansfrreedsio e f@gmmg

fee ié %Elzs- }é\@ b@ifurk % GORs ﬁ/fa% RIW {, Bk s, (Q:OM@P*S r}ﬁaetﬁk Bd Home-

wer e r own on denonstrat’ing
madeafoasskinyfibroblastmsixg @ dbefn eeppiadnbmteé ws;}sd;eeuln rep:lacement and

sl ner o e ol NEs el ey ThEsSy SSLlSins of

growiPfaBRBChER cefl w%&@mc%e@%m%w&wﬁﬁaugdw FMHESYARrix and
system to support the growth of |ong-Iasti

forepkiol fitfreblasti mérlar@lgmch $4-6xr eWheateahemMgeﬁg%cm MEFs matrix
.. WO 20 /55155P /001030, 37 H :

werg 8 B SRR S0amOsRrna e SBARITOURIed Yasbdmoth Tip 420

day$)y efcattd EBLandhmell Y&t ds(F dgﬂ?ésSIOcUB uiRad LRt Mo ver,

cel I's grown on bovine-derived fibronectin feeder

are @@T—heé afiprab-fiee novvell-dgBpedytcavingditrenagtin e fappuraie option.
PaSFRAE £SO UDRY %g\!\’}l .lf)ltnairoresfdnbﬁﬁ%% tsA! Dot rHJt g\ﬁ)ﬁ aﬁnilﬁ%lted.ﬁa_llth

syst ens suppl ement h serum rep acenen

SR gmdwihe TBFfact ALF gpaivehndioad) thededikesarededt edpasedges at the
phol ogy. ES cells were small and round w t

undrnf?egﬁltmﬁél Hegs &na)ore ﬁ%?%éwsa,aﬁrpwmag AvRigH| &S 5?113@%18@1%1061
featﬁfé? (F%&l}e@eﬁ €Al lugﬁ’ kilis er% b dléﬁbpés&?cg aﬁ%ﬁﬁeﬂ tgﬁ\eﬁ%'hehp-%ree

Figures t1ron, human
cultgrecoystenn thee ﬁ&msbmfﬁt&eblaétemaiﬁx icelt lasvéll-éefined|Isysterd as compared
wit}géms m wer.e found to have normal karyotype foll ow ng

LUEGER A shown) .

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 1s 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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10 Moreover, as was further revealed by IHC, human ES
cells cultured for 16 passages on a conplete
woemensyiee, feeder cells-free system expressedP@i/iL2003/001030
characteristic enbryonic surface markers including
TRA-1- 60, SSEA4, TRA-1-81 (Figures 5d-f). Thus, these
results denonstrate the ca hcity of the conplete
xeno-free, feeder cells-free systens to support
phenot ypi cal consi stence human ES cells, naintaining
15 Altighigh freolinvieation ihae badnt desesibwd tih cjitioandith specific
pe and expressing all typical enbryonic

stabl e karyat) . | .
emROHINETs %%%eff & evigrad ghat gy plicaiyess Bedificaepssand; qgations
wilUSEafardn §o 19O EiNEE in ﬁl%eag@rA&%lréﬁﬁ'l&f gGis ifitlldel"t€ embrace all

systens of the present invention B erivation an
suck wltemmatines, ehodificaionE $nd catibdons2thaE RAVRitRiD tHdUNESNd broad

CEL LETE, XENO» FREE, FEEDER CELLS- FREE.
e e e e BRI e
metia S 165 lshei FEEMN D heriER oo fdtE iR IEMRIrdy 17U %8 %ence

. ES cells grown on human fibronectin-based feeder
intog | spegifietionuta threesangy ettentsassifi gptheindintiduhl wublicationypatent or

| acepent and no-free graowth .factor re test .
ro RS s ik 0 o AN BB T B o i
by fefere®el In 20QMbANGAUSH Yr tchfifELII Flafy rébRNEIRI h@MHpplication
ermlayer cell types in vitro, fO|YOMAng their
Shaﬁél%balcom%wd tap anfadadssiorcébiat suchrreferengk tisipenilelst asmaior art to
the£9es¥1§;iﬁ\téﬁtio 0 t hat human ES cells cultured on a
eno-free, feeder cells-free culture systens are
functionally, as well as phenotypically consistent
with human ES cells derived by feeder-based protocols
the ES cells were renmoved fromthe feeder cells-free
cultures followng 17 and 16 passages on the human
cellular - and human plasnma - fibronectin WO
2004/ 055155 PCT/1L2003/ 001030 38 matrices,
respectively. As a result, hES cells fornmed enbryoid
bodies (EBs) simlar to those created by ES cells
grown on MEFs (Figures 6a-c). ES-consistent gene
expression within the EBs was further verified using
RT- PCR. Wthin the EBs stemcells differentiated into
representative cells of the three 5 enbryonic germ
| ayers i.e., nmesoderm endoderm and ectoderm As shown
in Figure



7, while undifferentiated cells grown on xeno-free,
feeder cells-free culture systens supplenented with
waLm405513F expressed high levels of Cct 4 and BOFIL2003/001030

receptor (Figure 7), cells harvested from 14-day-old
EBs expressed genes, mhicg are associated wth
cel lular differentiation ihcl udi ng neur of i | anent

wWHANS 68 ARIEMigch is related with 10 enbryonal
ectoderm a-cardiac actin which is associated with
enbryonal nesoderm and a-fetoprotein and al bunmin

bot h of .which being.indicators ryonal endoderm

Thbs, *t AeBeBPa ST DB deRler el G PHRAere B RRFRIEM cet
line 9420 9NbdiNE nERAMRINGd §n %8 RS TB&tiatede GRAipRIt and Pﬁﬂiferative

cultures of "the present invention are capable o

stategtheandthed cdropretingsnal EBs with cells that are
differentjated to the various s tic lineages. 15
| EobtaRutpete it Bre i SRy sTEne. SuPPoRT
L

%M%sa@ﬁﬁﬁaﬁ\%ibﬂ‘cﬁﬂ: SEMEINE Alie &ffturing conditions
UNDI'FFERENTL4TED HUVAN EMBRYONI C STEM CELLS 20 To

devdidir oth deedshaeddist end ziacludiagc apmeiny ad @héisfuseguliure medium

supr3 i P [ RPbaTICY BEOGH Ui HRR Bifin W oo el
humgféfrln%%nféﬁérﬁ'%éilﬁh@.d stemcells were determined in hES

s ‘'under various culturing conditions. Feeder
cells free culture systens maintain normal growth

rates a hi 2 ercent.ages of undiff.erent]

hufan ededppbod o AgH° I WREES PmplBity' DEREE 4 B %om e
humSd Sé@bBonicT GteHLIRININE refiftabRFRsEh t 3tePf (b) Nendeeedd@l culturing

cells-free culture systens of the present invention
condidomupport hES growth, the growth rate and the

fraction of wundifferentiated stemcells were

determined in the feeder cells-free culture systens.

As 31's sherindthod 6laies],Setretein whid mduESicefib®neinanatrix.
cul tured on a bovine-derived 30 fibronectin matrix in
the presence of the TLF conbi nation of growth factors,

the gr : - 3eib F P \
(ha. L WEERL Rl i S P R e
growgc comsisthnge of VieyvikeESibeaiectih,i nesmberaat shavideafibtanettuat hufan

hES.cells cultured on, WO 2004/ 055155 PCT/1L2003/.001030
fibrofsCigrecoRbinaR, Bman, ABFPISER. CBPYE RPBCCEN BRI ouse

fibréHeTBR - Aa sk i@ekid fibloge@mt in  matrix in the presence of
only the TF conbination of growth factors, the growth
rates

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 matrix, 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 claim 1, wherein the cells of the human émbryonic stem

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



of the 1-3 (Figure 8a, light blue curve), the 1-6

(Figure 8b, light blue curve) and the H 9 (Figure 8c,
woO c@htsiafaie curve) hES .cell lines were sim | aPCT/OL20084101030

of hES cells cultured 5 on MEFs. On the ot her hand,

when these cells were cultured on bovi ne-derived

fibronectin matrix in the"ﬁresence of the TF

congbi naty r C . : t ;

LB (R e dn@hod s Nighm WAl RAGHGH Surt AEtn Hiher
inclidea érugiundéyr sarugh teptackmént. (Fi gure 8c, bl ack curve) hES
cell lines were | ower as conpared with hES cell Iines
cultured on MEFs. Thus, the bovine fibronectin matrix

suppl emefied Mdah of NGaifh-fs, L9nGeAPsHAL s@inPfan@foPWadl serum

factors and the human fibronectin matrix suppl enent ed
repladentent Brprgvitérbat Breonoertiatian pHat ledst 4o &t h fact ors

support a high and normal growh rate of hES cells

simlar to that achieved on MEFs. Human ES cells

culflour edrRn pfe@Rfde of CahinS & RBerel tshide séxal QME/ofBéad alefum

hi gh percentages of undi fferentiated cells - To
replacementrs provided atey Goneenttation @pdz Moy of the 15 feeder

cells-free systens of the present invention to

propagate undifferentiated hES cell lines, the

fraqti omgeoindiinsdi foreciant | At athefdh | idIETEFBRtEIPTOMEEd at a

following 4, 6 and 10 days in culture. As is shown in
confdnfpatien 8tat ledseD.OnESelel | s were cul tured on either

human- or bovine-derived fibronectin matrices in the

presence of the TF or the TLF conbinations of growh

factor s ghehingdih ReroFehage1,0kheRgn CRld STEBE: 99 Jbvided at a

remal ned 20 undifferentiated even foll ow ng six days
contentatibn of @12 @g/milhe ot her hand, when hES cells were

cul tured on bovine-fibronectin matrix in the presence

of the LT, LF, T or F conbination of growth factors,

t hejsper capt a88BoPforURRIhT ! etdrahedaiaebF&FWas pfdvided %t a

followng 4 days in culture, and declined to 60-75 %
confgittagon nfatdeathy ogiml. cul ture.  Thus, these results

denonstrate that the feeder cells-free culturing

systens of the 25 present invention utilizing

fi bronectien m@héd cefs chind tthewHdreiar sidFbgGEWEd fracided sat a
- are capable of maintaining a high fraction of
congediafipe pEhDEARled cells, sinilar to that achieved

under MEFs. WD 2004/ 055155 PCT/ L2003/ 001030 40

EXAMPLE 7 THE TLF AND TF COMBI NATI ONS OF GRWOTH

FACQBORS BiEmSHbd ABLERim FORhMAINEA] NIINGS r&vidkd &iS Mcentration

OTHER FE R CELLS- FREE CULTURE SYSTEMS
of at least 500 ul;r%F \

16.  The method of claim 1, wherein said LIF is provided at a concentration

of 1000 v/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 embryonic stem

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



5 To further substantiate the capacity of the TLF and

TF conbi nations of growh factors to suppl enent other
wo e@dossicel | s-free systens, additional matri ceBCTH2603/001030

been wused. Experinental Results Human ES cells

originally cultured on MEF were transferred to the

followng 10 feeder cel I ¥ ree culture systens:

45695y T PSS OBty SR Al o

undiféremiatedpplacipotent andrpdolifeestize stactk. conbi nati ons of gr ovvt h
factors. Using the TLF or the TF conbi nati ons of
growth factors, hES cells were successfully grown on

Mat gl gelmrﬁletiy&féf B 17X vAReein gﬁiﬁ%%ﬁhﬁ' ifd ﬁEl‘éQE@ﬁltmatnx
matrix (Figures 9a-f). \Wien elither Matrigel R or MEFs

natrlx 15 were utilized, ceIIs exceeded 30 passages at

undi e t nor e n 120 .days
F od st PE SRR RIS aERRE Sait Htiefeetn 1fRei5dked from the
groﬂﬂ‘ Q8siBRtgd 10F EBovihd I Soctin 2 rE€coniihdi I bAhd BibrbdicREin ) Gltman
wel | -defined, |eavin fibronectin the favourabl e

fibropactionrecombinamshwmhn dibienestinr wanse fibtoseeik racombinant mouse

i br.ob su enmented with SR and the TF and
fﬂ”?%fuﬁr%@ﬁﬁmgpéggﬁgnwﬁﬁ% cel|s exceeded 5 passages at

the 20 undifferentiated stage (nore than 20 days),
preserving typical ES cell norphol ogical features_ .
( FiYur e Bip methadhigplaimi H nathersin r @it cdilinting gepnditions  are

subggﬁtnﬁ]{yl %éefe 8% %eé%%imﬂ} GantSin r\gﬁere qy Ezh& rrﬁ??tﬁ% §% 9&&%&9 fom the

ores Ias r|x

gro6ly Sbasistas 60 hpane dlaswiat ﬁbitoli’léctfn hfanﬂbﬁCﬁebdsmbmhmtl kumdh plasma
these results denpnstrate that the xeno-free

fibrgaeqtng@iaitie ugapt ¢ areldransclinsmatizs iresqupkingyt lwgpagnpellular
ﬁb@ﬁ@tﬁ%ﬂﬁ?t ﬂl@tl& BETOBE{{IW TF conbi nations of growth

actors SUIta mai nt ai ni ng and propagating
hES ceIIs on a variety of feeder cells-free culture

Cbet vk o Bl £ wheln dhe by emBiodisctppissl lne

con‘xﬂhs‘ég‘@t 168088} oPindBRenBI& E\Hﬁé’rgérﬂﬁx%ﬁl’c sPRY céllsso be
provided in conbination in a singlé enbodi ment.

Conversely, various features of the i nvention, mhlch

are,, for..obrevit scrl ed in.t e, te

errb%le ne “f?@@?%aﬁ’fd pwg\ﬂe&% {flr %ﬁ(%ﬂ &ué?anl Omc
sterfilell 3Rk ﬁlaﬁuaﬁ@muﬁﬁﬁg @ﬂﬁe of\é} 1284945 @155&5 5

PCT/ 1 L2003/ 001030 41 Al though the invention has been

described in conjunction with specific
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 serum and/or said serum

replacement is provided at a concentration of 15 %.

26.  The method of claim 17, wherein said TGFp, is provided at a

concentration of at least 0.06 ng/ml.



enbodi nents thereof, it is evident that many
alternatives, nodifications and variations wll| be
w@appansiissto those skilled in the art. Accor di Pgli/i,2003001030
is intended to enbrace all 5 such alternatives,
nodi fi cati ons and variatigps that fall within the
spirit and broad scope of" the appended claims. Al
pupjic déjrﬂﬁeth(ﬁﬁto?nélﬁm?nﬁ? P@h&RIn 3RA! TEXp, ORSprovided at a
mentioned in this specifidation are herei n
concémeativpof atiddgiml.t heir entirety by reference into the
specification, to the sane extent as if each
i ndi vi dual publication, patent or patent application
wagg Spephd ifi@hdy ANdlaimdily] dildiy daitfli WG dst frobRled at a
i ncorporated herein 10 by reference. In addition,
concenttaion ofi ableast @exgfhk. i cati on of any reference in this
application shall not be construed as an adni ssion
that such reference is available as prior art to the
pr gsent ThOugahbOof \WRIR004/ QARIER RET/BHAOGS/ PRIARA o
42 \WWAT IS CLAIMED I'S; 1. A nmethod of establishing a
conctmseation of diriggnk r ee human enbryonic stemcell line
capabl e of being maintained in an undifferenti ated,
pluripotent and proliferative state, the nethod
COBpY i sirﬁ@ métbd 0Bf adlfi g1 1 UkihBreMNayDNLIE 9¢ eprooidklisat a
and; (b) culturing said human enbryonic stemcells
Cm“@ﬁﬁéwndﬁmihﬁﬁﬁ@oégﬁblt|ons devoi d of feeder cells and
including a matrix and a tissue culture nmedi um
suppl enmented with TG(31, bFGF and/or LIF to thereby
obgai n The fmetder of etlhisn f I'Ee whiteimnsagdrbifForis cpeviied at a

cell line. 2. The nethod of claim1, further
concepE@ionti§ORrERl ng a cell fromthe human enbryonic
stemcell line resultant fromstep (b) under said

culturing conditions. 3. The nethod of claim1,
whe2ei n Asmetthodaf edtablishing af febiten neltd-free hncamm' mb@oniﬂs@m cell

ine L5180 o8 ePhine 5 D e, SRl b ot
statef {}Qr&&ﬁ&i by Iqsqlqémbl nant bovine fibr onectl n, human
bronectin, reconbi nant human fibronectin, nouse

f|Bﬂoneobkmnngb@nmb@nbm®HW638@cdﬁswﬂbnect|n and
syz$het| c..flbron

i meBatriine Py cabries Dee als Sy @ he gopgiions

devdid @€ f@teX&Me 288 NiaRtihan fiRbicodnahgas 2hdiadiso®d Guilturé medivm
selected fromthe
supplemented with TGFB;, bFGF 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 human plasma fibronectin matrix,

reconbi nant human plasma fibronectin matrix, human
w@edokissss fi bronectin matrix, reconbi nant humaPCT/IL2003/001030

cellular fibronectin matrix, synthetic fibronectin.

6. The method of claim1, wherein the- human enbryonic

stemcell line conprises?t |east 85 % of
plasﬁ;g? %r%gé t a{n d rﬁlﬁgﬁgge@fﬁaﬁy rogg(:ﬁt °l ?ﬂ r%(‘: rﬁ%l%& human

celhﬁmbt@mo@msmﬂx af@kynthdtiREibigidatiai N a doubl I ng time of
at |east 25 hours. WD 2004/ 055155 PCT/| L2003/ 001030

43 8. The nethod of claim1, wherein said tissue

culhture e

1 e AT LE LR o2 BALUAERSRUT AL S W i
comPeisasmt s/ W%sﬁluddﬁ&rammmteﬂemhaﬁemyoﬂmstammlmed at a

concentration of at |least 10 % 10. The nethod of

claim8, wherein said serum and/or said serum

repkace t d: st 9 :

112670 TR pefoBoP G Wi GRNRE IS 2 i cfforyonic
stenpeadMliimtadaiataima dcmhingnﬁmeadsﬁ abheast 25phodreast 0. 06 ng/ m .

12. The nmethod of claim1l, wherein said TGF(31 is

provided at a concentration of 0.12 ng/m . 13. The

metshod OfheChahbl b Ml 2, wisdbidl daldFisdue duian Aediva ﬁﬁfther

concentration of at |east 2 ng/m. 14. The method of
incledesisemun andierseium seplageBBE i s provided at a

concentration of 4 ng/m . 15. The nethod of claim1,

wherein said LIF is provided at a concentration of at

| east SOGheUlfthodl6f cli@ MRt RARkr@h Gid@isBluin MR CAd serum

said LIF is provided at a concentration of 1000 u/m .
replgcpme,qt rarpradedét qronpeniertion gt at laasdd Yenbr yoni ¢ st em

cell line in an wundifferentiated, pluripotent and

proliferative state under culturing conditions devoid

of 3oeederhecaletifod bheld®t Bod vaRH | Sid Gefitdh tandion gsaid | defum

of the human enbryonic stem cell line on a matrix and
replacemens iseprevided pter ¢angenirtisnppleient ed with TGF(31, bFGF

40.  The method of claim 32, wherein said TGFpB; is provided at a

concentration of at least 0.06 ng/ml.

41.  The method of claim 32, wherein said TGFf; is provided at

)

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/ml.

43,  The method of claim 32, wherein said bFGF is provided at a

concentration of 4 ng/ml.

44.  The method of claim 32, wherein said LIF is provided at a

concentration of at least 500 uw/ml.



WO 2004/ 055155 PCT/1L2003/001030 44 and/or LIF to

thereby naintain the cells of the human enbryonic stem
w@edos/obi1tee in an undifferentiated, pluripoteneCHIR003/001030

proliferative state. 18. The nethod of claim 17,

wherein said matrix is a fibronectin matrix. 19. The

nmet hod of claim 18, whereifl said fi bronecti n IS

sel gcte r nS| ting .

fi bfh'bgnef:j]tvl‘Ielr (}ngdé(g(g flgrﬁ:g%?’ g’gm e 1|nbr"ilalgec IS Wﬁ%ﬁed at a
contédtradog of 1000 wadonbi nant human fi bronecti n, nouse

fibronectin, reconbi nant nouse fibronectin, and

synthetic fibronectin. 20. The nmet hod of claim17,

wh in I ' &

redof Sancod drRaafigl bite Sifyoll PEENRSHYin
undsﬁﬁéremtteecﬂﬂ fpﬂunpotdme and pm]ﬁemﬂvrs btatel wiglen f:ulhumcqmldﬂm‘ma deV01d

reconbi nant h

of frF?%r&ﬁ Sithe, OH e?mw;%w@mawaﬁ ¥ Hf’eowge%r} FmRgOpicystem

celll B&ORRI a[‘%?oﬂ'é@fﬁ?@n&ﬁkléﬁhaﬁ tls§deb5ﬁﬁﬁgtrhéhlﬁ§ﬁt &ipblemented with
synthetic fibronectin. he nethod of clarm 17,

TGHpwe bEGE dnidéorHLulieo tlmréh}ymamws tleneetlsldf theé hemart emiprsioaizSstem
east g% % of fLfﬂglfferentl ated human enbryonic stem

CeHngllg an ypdiffprratighed Ripripgtontagd proftferafipestaten the cel | s

of the human enbryonic stemcell |ine maintain a

doubling time of at least 25 hours. 23. The nethod of

cl ad’im 171‘ha/\tmeﬁmdmf$ba'i1d 46, sdweeeic whitl fiteomeedn usrsdlecteh &om the

I ncl udes ser.um and/ serum repl acenent. 24, The
FORR BT BHE ifaPR DS, SRERRSLRn TP IORH | PR ViR BroRsetig, human
ﬁbr%ﬁédth'ﬁ‘ réc%ﬁib%?a%frﬁﬁﬁlah SitR6R¢iA eflofle ﬁbﬁ)ﬁ@@tﬁp tEnhtiRar fmouse

at least 10 % 25. The method of claim 23, wherein
fibrgmgatinsand aynthetit fbrasegtin.ser um repl acenent is provi ded

at a concentration of 15 % 26. The nethod of claim

17, wherein said TG-(31 is provided at a

cone®nt I'biid QRethdd a¥f kRast 46). QheRdd NMaid \WRIEARG QpdkRas are

PCT/ 1 L2003/ 001030 45 27. The method of claim 17,
SubWﬁ%tﬁféinﬁwfdien@mﬂtamylapt and Whereas said fiboonsetin mattizois sefected
frorg S g%c}glgége%-glij?m% *b?%ma ﬁgrone(g}n:l'rzlatn\’\)ih %c%lm 1r§a%lt %uman
plasma fibronectin matrix, human cellular fibronectin matrix, recombinant human

cellular fibronectin matrix, and synthetic fibronectin.

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

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

50.  The method of claim 46, wherein the cells of the hﬁman embryonic

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

51. 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 2 ng/m. 29. The nethod of
claim 17, wherein said bFG-F is provided at a
w@orvgesiisat i on of 4 ng/m. 30. The nethod of cPEi/m20d3/001030
wherein said LIF is provided at a concentration of at
| east 500 u/m . 31. The nethod of claim 17, wherein
said LIF is provided at a“concentration of 1000 u/m .

32..,A hod of .establ.i shing.a feeder cells-free human
P yon o PEHoder] THiFha ! SRRETS S GGy T ot S hegrim

replhdbndht FbVilied &t doat&fsatibh ¥f i pof.ent and proliferative
state, the nethod conprising: (a) obtaining human

enbryonic stemcells, and; (b) culturing said human .

e yoniG ste el L.s .under. cul turing.c Lti.ons .

devs " ofher b ok Ree. ke o aTPrB: dRederifed o
conBairatidn 84 1éust 0.96 Wg/ngul ture medi um suppl enented with

TG-(31, bFG- and/or LIF to thereby obtain the feeder

cells-free human enbryonic stemcell line. 33. The

met hod cl ai.m 32 erein said fibro inis .

sel¥ct egﬂfer Siqde of "iughrfkco T ﬁaddo?ggb\/ilﬁeprowded at a
conbdniaBBE6E 0.12 np@AONDI nant bovine fibronectin, hunan

fibronectin, reconbinant human fibronectin, nouse

fibronectin, reconbi nant nouse fibronectin, and

tig fib in..34,  Th th im32,
R At R R
conté®@tifh oR@NeasE2REAM Nant and where is said fibronectin

matrix is selected fromthe group consisting of human
pl asma fibronectin matrix, reconbi nant human WO

a0, R o) ST onbeitin S PECT R CBRBCRGA °

conBetit®fion 684 hphdr fibronectin matrix and synthetic
fibronectin. 35. The nmethod of claim 32, wherein the
human enbryonic stemcell line conprises at |east 85

% undif. i ] Ni_G: (St el . )
Tncs ol ShEN NeGLRIAR, SIRGRNIGAP TP B il hat o
coneerbrayiombfat lsdsefd@eiil. | i ne maintain a doubling tine of
at least 25 hours. 37. The nethod of claim 32, wherein

said tissue culture nediumfurther
59.  The method of claim 46, wherein said LIF is provided at a

concentration of 1000 w/ml.

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 proliferative state, the method comprising:

(a) obtaining embryonic stem cells, and;

(b) culturing said embryonic stem cells under culturing conditions devoid
of feeder cells and xeno contaminants and including a species - derived matrix 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.



i ncl udes serum and/ or serumreplacenent. 38. The
nmet hod of claim 37, wherein said serum and/or said
W@ eonssisepl acenment i s provided at a concentr ap¢DIL2063/001030
at least 10 % 39. The nethod of claim 37, wherein
said serum and/or said serum replacenent is provided
at a concentration of 15 % 40. The method of claim

32, . wherein said TG(31 | ovi ded. .a .
corqaen_t ﬁﬁ?i%ﬁtﬁf}g Qaf?éfa _s{’(iog’é%reﬁlg{sﬁ‘fi. k’ﬁ? FHls-fres yliuring
condfiorty ¢ Sb3fntiEREd Of BAbRodiaishtd. S provided at a
concentration of 0.12 ng/m . 42. The nethod of claim
32, wherein said bFG- is provided at a concentration

of at | east ng/ ... 4 The net hod of cl.alm. .
OhG5ei n THE gt Crain B0, WHEaMhE geds GBI &rem el lne
compflsdtlat 14485 ER f iBiliRebrBihted IspédiRsZtmbrybiat efeth Gollsd LIF is

provided at a concentration of at [east 500 u/m. WO
2004/ 055155 PCT/1L2003/001030 47 45. The met hod of

Codtin e BEAG) B3, oA G el lnspecie embryoic
stenpediPlagahhintita Houtlingaiis ymileass2Ehowel | [ine in an

undi fferentiated, pluripotent and proliferative state
under culturing conditions devoid of feeder cells,

thesmet hed CORRY biS%lfﬁgrr I@(‘)‘,l Wikréin gflﬁedsgée &fltu}ehﬁe@iﬂﬁpﬂcludes a

enbryonic stem ce ne on a fibronectin matrix and

spedest 4 desived sarbmuand/onedemm sppemesnt ed with  TGH( 31,
bFGF and/or LIF to thereby maintain the cells of the
human enbryonic stem cell line in an

undjef f ergpt inated: ofobifth P63, eRberdidsdd Qbbdisd atd¥Redt@hfn is
47. The nethod of claim 46, wherein said fibronectin

provided#lasoneshtrfationpf dtdeasyp Stup consi sting of bovi ne
fibronectin, reconbi nant bovi ne fi bronectin, hunman
fibronectin, reconbinant hunan fi bronectin, nouse

fi bgronectieineth6F ONNLIRHS, WRHSE saiﬁiséﬁﬂﬂﬁ;?ﬁéc&n_eﬁﬂﬁgmvided at
synthetic fibronectin. 48. The nethod of claim 46,

a coppenrteatinn ehptdeastil® i ng conditions are substantially
free of xeno contam nant and where is said fibronectin
matrix i s sel ected

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 TGFp;, bFGF, LIF.

71.  The method of claim 70, wherein said TGF; is provided at a

concentration of at least 0.06 ng/ml.

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

concentration of 0.12 ng/ml.



fromthe group consisting of human plasnma fibronectin

matri x, reconbi nant human plasma fibronectin matri x,
wheovsasass | ul ar fibronectin matrix, reconbi naneCTHLzaeB/001030

cellular fibronectin matrix, and synthetic

fibronectin. 49. The nmethod of claim46, wherein the

human enbryoni c stem cel | Pine conprises at |east 85

% undi £ fer i aFed -human yonj: e -1 50.

Thgg’mat ﬁJg %‘F&(@Pa?%mciaégl mér‘gﬂﬁg%hg&ge f%ﬁnofs ltD hoén%%ngﬁ 2
coneefbaty@ndfat 1aktemgelll |ine maintain a doubling tine of

at |l east 25 hours. 51. The nethod of claim46, wherein

said tissue culture nediumfurther includes serum

angjo r gqk! ﬁaélﬁﬁ??@%heréﬁsa'-dr%?dﬁts Bﬁﬂq a@la%bﬂéei'gration

wherein sai d serumand/or said serum replacenent 1s
of 4mgoml. ded at a concentration of at least 10 % WO

2004/ 055155 PCT/1L2003/ 001030 48 53. The net hod of

claim51, wherein said serumand/or said serum

r eglsacengRt nlethdd Qfi et 2502 vARBRGENELHAL AN i9f gﬂo@jd’éu at a

54. The nethod of claim46, wherein said TG(31 is
cong@nieiictea dieast S@orudnt rati on of at | east 0.06 ng/mn.

55. The nethod of claim46, wherein said TGF(31 is

provided at a concentration of 0.12 ng/m . 56. The

met7god ofheChRkKBdA &f WRRHheTD, SideiR F&did| EIIDH@VFﬂﬁ/Qdeﬂt afl a

concentration of at least 2 ng/m. 57. The nethod of
conegnirptiomef 10aYml.n sai d bFGF is provided at a

concentration of 4 ng/m. 58. The nethod of clai m 46,

wherein said LIF is provided at a concentration of at

| eggt SOheumthod S8 cikfie GUEtHIRGeial satd dissucdbultiber&iitim is a

said LIF is provided at a concentration of 1000 u/m .
spe@es — deriied isoadiionedsnediimshi ng a xeno - free, feeder

cells-free enbryonic stemcell line of a species

capabl e of being maintained in an undifferenti ated,

pl W8l potsenhetand! of rppbpdgatiag iavepesicatembryditc mesnhedll line in an
undff?er;gnrt{a?eld? %Iuri(pgzen’? gltlda Iprnolli?grat?\%o gtgt%nuln%ers <t':u trtrllricr:lglclofc’lditiggg devoid
of feeder cells and xeno contaminants, 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 cells.

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.



(b) culturing said enbryonic stemcells under

culturing conditions devoid of feeder cells and xeno
waeoomasiisant s and i ncl udi ng a species - deri veRCTHI2003(001030

and a tissue culture nediumto thereby obtain the

xeno - free, feeder cells-free enbryonic stem cel

line of the species. 61. THe nethod of claim 60,

wh in ' ri ecies.r..deri
oS necTi ety of Salgh 78 B Bechid S Y RSs meriymn fpgtpes o
speéifs 6&er1v'Ebee1ﬁliﬁi faoraf se@ln rdpl&@mendier ei n sai d feeder
cells-free culturing conditions are substantially
free of xeno cont arri nants. 63. The met hod of cl ai m 60,
wheg g’?mwﬁe g&lﬁe |e01e§ nederlved serum is
conprlses at east 0 0 erenti ated specles
proeidbd yomcanceitetionelf hslea$h4.%.The met hod of cl ai m 60,
wherein the cells of the species enbryonic stemcell
line nmaintain a doubling tinme of at |east 20 hours.
65. gsThe ! feflodhor El' &8 SnerdiQL R &rﬁﬁ%&lééeﬁéﬁﬁs rovided at
cul ture nmediumincludes a species - ived sergm
a caeditpatioa of @t leastrl@pPbacenent. 66. The nethod of claim
65, wherein said species - derived serumis provided
at a concentration of at least 5 % 67. The nethod of
cl aggn 65ThavReMmBH réfél%inq 83 SWHER AR {ABGRITR Mp1d BmRhON piRRded at
at a concentration of at |east 10 % é) The rretp
a cgicentraiiomod3 > %her ei n sai d serum repl acenent is
provided at a concentration of 15 % 69. The net hod
of claim60, wherein said tissue culture nmedium
furgher Theeletd@Sofoélaint 83! whBRIOEAMRsecGHIRe nfdiurd lf@rther
nmet hod of claim 69, wherein said at |east one growt h
mdﬂldéﬁ’t%ﬁeqStsonesgp‘é’é}tﬁétOfrom the group consisting of
TGF(31, bFGF, LIF. 71. The nethod of claim 70, wherein
said TG-(31 is provided at a concentration of at

| eag8. 0.Dife pEtUld. of dldim BTE whetdwo daidf atCleadt onéaroWhe ERKdY is
said TG-(31 is provided at a concentration of 0.12

Selwgeﬂrﬁom\m Fow £ @55188 oPEGFBLHEE) 0wl bED

89.  The method of claim 88, wherein said TGFpB; is provided at a

concentration of at least 0.06 ng/ml.

90.  The method of claim 88, wherein said TGFf; is provided at a

concentration of 0.12 ng/ml.

91.  The method of claim 88, wherein said bFGF is provided at a

concentration 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.



50 73. The nmethod of claim70, wherein said bFGF is

provided at a concentration of at least 2 ng/m. 74.
wab@4netibod claim 70, wherein said bFGF i s prorCHBER0E001030

a concentration of 4 ng/m. 75. The method of claim

70, wherein said LIF is provided at a concentration

of at least 500 u/m . 76. Sfhe nethod of clai m 70,

wherein.said LIF is provided at _a caonc rati . of

T8 T i e o RIS 95T Blerfy, SG°TREL B w04l w
contén®atién 681 doogmiedi umis a species - derived

condi ti oned nedium 78. A nethod of propagating a

speci es enbryonic stemcell line in an

undid f ergnt i i . L ' -

uncst P PRES of RLAEBEECH, yBER LR bl Thlok HeRf e o
spedied1o dewddashdisioha] mediemret hod conpri sing cul turing

cells of the species enbryonic stemcell line on a

species - derived matrix and a tissue culture medium

to ere ' [ : : i e

St o cel T oFy oarne g B TeRnihied SRREHER SR IPRlve
hunzand embogtonfce rstem wellstiat £. cultfire Tiedivmet wderedd thé adeth @@fure is

wherejn. said matrix i.s .a species - derived
subPAAEERIGf XGER 3P T G54 orls FRRRBIATEP- ol ai m 78,

wherein said feeder cells-free culturing conditions

are substantially free of xeno contanmi nants. 81. The

met9od cFheckell mult@e ethelaim 96 hehesgin che subnter pedium stadwdes

cell .1ine conprises at |least 85 % of undifferentiated
ser TP LRIREEMERb yoni ¢ stem cel |'s. 82. The method of claim

78, wherein the cells of the species enbryonic stem

cell l'ine maintain a doubling tine of at |east 20 .
ho?%. \Whe2@eld/ odB1s BT AdAim 1970081001 080d S Fepuprment is

thod of claim?7 wher.ei,n said tissue culture nedi um
pro?‘ﬁigﬁﬁlﬁtoaegongentg%lggioggt l-easgéﬁi%}ed serum and/ or a serum
repl acenent. 84. The nethod of claim83, wherein said
species - derived serumis provided at_a

con®ent rBig ¢all ogultyre jof adping 99, 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 culture 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 TGFp; is provided at a

concentration of 0.12 ng/ml.

103. -The cell culture of claim 100, wherein said bFGF is provided at a

concentration of at least 2 ng/ml.



85. The nethod of claim83, wherein said serum
replacenent is provided at a concentration of at
wo e@snssi8s % 86. The net hod of claim 83, wher eP@I/H20€3/001030
serum repl acenent is provided at a concentration of
15 % 87. The nethod of claim83, wherein said tissue
culture nedium further in¥ludes at |east one gr ow h
factgr =1 rei [
S e BRI B, 500, B, A 5P i o o
conG@iﬂ@txsﬁbﬂgng/fmlTGF(Sl, bFGF, and LIF. 89. The mnethod of
claim 88, wherein said TGFI 31 is provided at a
concentration of at least 0.06 ng/m . 90. The nethod
sai 8 T p [ . .
conf?ent ;ﬁg% 8?11 og[rg]lelgﬁ%! m . %S%h hlél %@?hﬂ%dg?bg él(lier% at a
con8&trathe patrlemsa b0 bRGF | s provi ded at a concentration
of at least 2 ng/m. 92. The nethod claim 88, wherein
said bFGF is provided at a concentration of 4 ng/m.
93.1080e TR bad @it 8F MRS lweﬁrﬁér'élrﬁ@élg LiF-id $rovided at a
provided at a concentration of [ east 500 u/m. WO
con2@0wation 61 5G0REmII L2003/ 001030 52 94. The net hod of
claim88, wherein said LIF is provided at a
concentration of 1000 u/m . 95. The nethod of any of
cl ajgm. 78rhe NI &l tdrS & éiauhi 56, %&Mhtshllﬂqluml éﬂﬁBr'y&ué stem cells
speci es - derived conditioned medium 96.
are gudintaneble dnaniwidifteremticdd; elugipoteat end pmlmﬁq:rapm etnte fandt least
38 roliferative human enbryonic stemcells in a culture
wherein the cell culture is substantially
free of xeno- and/or feeder cells contam nants. 97.
The cell culture of claim96, wherein the culture

o} | e erleltusese i B ateintsaidggment @nbrapyic stem cells
maﬁlﬂilﬁ ggg‘éﬁgltgc[ £ 0F 26 S&fﬁ&hg said serumrepl acenent is

concen lon of at least 10 %

109. The cell culture of claim 96, wherein said 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 human-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.



99. The cell culture of claim97, wherein said serum
replacenent is provided at a concentration of 15 %
wae®4/059185 cel | culture of claim 97, wherein saPdI/IL2003/001030
cul ture nmedium further includes TGF(31, bFGF and/or
LIF. 101. The cell culture of claim 100, wherein said

TG-(31 is provided at a ¢@ééncentration of at | east

0. ng/m . 102. The cgll.cylture of clai.m 100 .

whdt3i o 1Bs cpltgsyaien G pheigs labavherete b hRR Rl rmegim
inchfied el @hiacdk@ht. - The cell culture of claim 100,

wherein said bFG-F is provided at a concentration of

at least 2 ng/m . W) 2004/ 055155 PCT/1L2003/001030 53

10 The. cell culture of. . clajm 100, .wherein said bFG, .

"ot ou B Pulrpr e oE s | o YO R eror] gepladipient i
provi@d at @ ebhétn@adn 6f Allhsd % Wherein said LIF is

provided at a concentration of at |east 500 u/m.

106. The cell culture of claim 100, wherein said LIF

A SRR s g

provideédat @ebhé&entratieén 681 @i nabl e in an undifferenti ated,
pluripotent and proliferative state for at |east 38
passages. 108. The cell culture of claim 96, wherein

> . | . inoa . _
6D YRR S SIASYLS I L R LA P
furtledr ahdYud¥s TORPe! BFGF a@d/6k hpran enbryonic stem cel |'s

conprise at |least 85 % of undifferentiated stemcells.
110. A xeno-free, feeder cells-free culture system

co i si a,matrix and a. tiss ul t dj ;
cana/r; db® PuilRpbtal Bletfn 11 0¥ Fl LY PORBlliyibbEar o

con&@trafé L6l at ¢eRe®hE ngmiMmai nt ai ni ng human enbryonic stem
cells cultured therein in a proliferative,

pluripotent and undifferentiated state. 111. The
ﬁﬂ:_}g r S e’]fr%é\s;ctél n}e? {yﬁ%%ﬁéﬁl%ﬁg ’llg\,'h \Fhetein said ’PGEB} i pxroxlf'%ed ata

concentration of 0.12 ng/ml.

-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 uw/ml.

122. The culture system of claim 116, wherein said LIF is provided at a

concentration of 1000 u/ml.

123. The method of claim 110, wherein said human embryonic stem cells

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



112. The culture systemof claim 111, wherein said
human-derived fibronectin is selected fromthe group
wa@omwgiositsshg of human plasma fibronectin, recoP@i/mzz0e3/001030
human pl asma fibronectin, human cellular fibronectin,
reconbi nant human cel lular fibronectin, and synthetic
fibronectin. WD 2004/ 055155 PCT/|L2003/ 001030 54 113.
The culture systemof claim 110, wherein said tissue
cul ture nmedium includes serumrepl acenent. 114. The
culibdr e Theshehvdbf ¢laiinm 10] Shevdine s4id rhusindersiatyomic stem cells
replacenent is provided at a concentration of at
maiptaigey doppling timeof atrleast23ihoyise system of clai m 113,
wherein said serumreplacenent is provided at a
concentration of 15 % 116. The cul ture system of
cl d2m 1190 metihelr &f ineatiap dintindividnakin teed eofroetirephacdment hed/or
. includes TGF(31, bFGF and/or LIF. 117. The culture.
tissugy JPBFACHHOR] SOMPIFEIE HIBHRISHIIES; A PR emEnERls, i dem ool
preffatatidn HRRCRR J3eh® Bndfecddr ceB@&IntdnAEnts & tHe indiduallhe
culture systemof claim 116, wherein said TG-(31 is
provided at a concentration of 0.12 ng/m. 119. The

I t f clai 16 in.said bFGE is.
I e e
cotHLE ARG SR TR

effeciglbyr e system of claim 116, wherein said LIF is
prgvj dedb t. .a conceni}r ation of ﬁﬁ\t I(?,ast 500 u/m.
122% The *HW%PB‘“@%F‘ Rogic $rRic 318 wherein said LIF
i s (By OVighedriad sAid HeaneeMbaédioRteal cdB0thdet BllturkgSconditns
met hod of claim 110, wherein said human enbryagnic stem

deveid| p§ feedpipesllseand Aepaseorgmnivpeys diingledingtd dwampn-derived

human enmbryonjc stem cgll s, 2004/ 055 .
s BOEFR, 5ty B 0B 08 iy i ARG i TG, bECE
and R @B kdtheAbY phdpaPthe YA Binryvn®IBt&R lcbl$ preparation.

127. The method of claim 126, 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.

128. The method of claim 126, wherein said tissue culture medium includes

human serum and/or serum replacement.

129. The method of claim 128, wherein said human serum and/or said serum

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

130. The method of claim 128, wherein said human serum and/or said serum

replacement is provided at a concentration of 15 %.



mai ntain a doubling tinme of at |east 25 hours. 125. A
nmet hod of treating an individual in need of cell

WO ephasasent and/or tissue regeneration, conpPCEiL2g03/001030
adm ni stering a human enbryonic stemcell preparation
being free of xeno and feeder cells contam nants to
the individual. 126. The m8thod of claim 125, further

co i Si r ri sai uman_ . enbryonic stem cel

o iy arGn PR O S48 BoGaPRredt Gpiond Py Ty Proded at o
con®h@RAsH BEath&isng o6 abmact ed by: (a) obtaining human

enbryonic stemcells, and; (b) culturing said human

enbryonic stemcells under culturing conditions

devai,d feeder, cells and xeno cont.am ts. and .

i ncll%gdi ng “a™ n9]§§h”\l}e396’f?” Frgﬁéé?]?{nmrgﬁﬁl‘i]i HQyidgd at a
conddn®r@H6n 6£0.1 2 he/mredi um suppl emented with TG-31, bFG-

and/or LIF to thereby prepare the hunan enbryonic stem

cell preparation. 127. The nethod of claim 126,

wher.ei id ~der.| fi 0 I d
Fr et nel il oA i 26 VSRR ISR AEBful o o
coné@@AtTon BAMtleddUPRE/mIP! asma fibronectin, human cel | ul ar

fibronectin, reconbinant hunan cellular fibronectin,
and synthetic fibronectin. 128. The nethod of claim

L2950 DARHE o A3HE O ST B SR«

conedntiatien 6f 428/miwher ei n sai d human serum and/ or said
serum replacenent is provided at a concentration of
at least 10 % 130. The nethod of claim 128, wherein

saitchu / S i 3 lyagen liS9ed at

oo ted o Tael A Lhlm 06 ML, LGN greily o o
conBiiratib? 00&/1643108Dwnd6 131. The net hod of clai m 126,

wherein said TGFPlI is provided at a concentration of

at least 0.06 ng/m . 132. The nethod of claim 126,
whersei N Bl dndfidd e CRiMR" Y6, d6feftlin Said ANEFCN 35188 Of
0.12 ng/m. 133. The nethod of claim126, wherein said

conbérBGRatips opt@wed. at a concentration of at |east 2
ng/m. 134. The nethod of claim 126, wherein said bFG-
is provided at a

137. The method of claim 126, wherein said human embryonic stem cell

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

138.  The method of claim 126, wherein said human embryonic stem cells

maintain a doubling time of at least 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 cells
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 56 passages with a doubling time of at least 25

hours.



concentration of 4 ng/m . 135. The nmethod of claim
126, wherein said LIF is provided at a concentration
wobooansdienst 500 u/m . 136. The nethod of cl ai PET/ARP03/001030
wherein said LIF is provided at a concentration of
1000 u/m . 137. The nethod of claim 126, wherein said
human enbryoni c stem cel | 7preparati on conpri ses at

| e 8 %of u i f er ey ated .hu errbr st

cori: Ot el ks D R YEPhOakl G cells
compHs@dt 1@&@85/@m@ﬁnﬁﬁf@éfbﬁedté@hmamé@h?omc@wnbbamg tine of

at least 25 hours. 139. A nethod of maintaining human

enbryonic stemcells in an wundifferentiated,
pl potent I e [ a cul '
D8 4, VgL VAR S
groupo l?f@ﬁshéiiﬂgg of Hulntahi-degived efiftun@uiing lmﬁr)@mahvﬁd elaingreh, $oreskin
under culturing conditions including a matri x and
fibrehlas matiy,| MEF&M3EH: um suppl emented with at |east one
growt h factor provided at a concentration range
sel ected capable of maintaining said stemcells for
at l4eastTHeGmpthed afetaimi 141, avlchoeib|sanighdmarededvedt filremstin is
25 hours. WD 2004/ 055155 PCT/1L200Q3/ 001030 57 .14
seleqid fFruh HisISIoRP CPBTITHIE %@ﬁﬁ%g POREHRRCY ?]Pleman
plasﬁi L Mi56hdchin, CRMRAD S@elﬁﬁarl qﬁﬁ&n&ﬁnb &Eoﬂ’ﬁﬁiﬂaﬁtf q{lﬁﬁﬁrﬂ a(Ee‘ﬁqlar
uman enbryonic stemcells. 141. The method of claim
fibrdrg@tindndrsgrnthegafibromeadtmi. x |s selected fromthe group
consi sting of human-derived fibronectin, human-derived
am nin, foreskin fibroblast matrix, MEFS matri Xx.
14243Th eTHEEfn'%%docff ahidd 'TBg%heféﬁleﬁzﬁﬂ r&u&ﬂhﬁ’g conditions include
human- derived fibronectinis selected fromthe group
hunporssiven amdjordertm meplagsirgsta fi bronectin, reconbi nant
human plasma fibronectin, human cell uI ar fibronectin,
reconmbi nant human cellular fibronectin, and synthetic
f i braanectidmethdd of themneBh @thefin shiaihiiha Serith &f proflided at a
said culturin cond| tions include human serum and/ or
congEigHPR epptdeas 144. The nethod of clai m 143,
wherei n said hurran serumis 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 from the group consisting of TGFf3,, bFGF, and LIF. .

149. The method of claim 148, wherein said TGFP; is provided at a

concentration range of 0.06-0.24 ng/ml.



145. The nethod of claim 143, wherein said human serum

is provided at a concentration of 10 % 146. The
woreaohoss1ed cl ai m 143, wherein said serum repl aRE€rERN0I®1030

provided at a concentration of at least 10 % 147.

The met hod of claim 143, wherein said serum

repl acenent is provided a¥® a concentration of 15 %

of ~C 9, e '

ond 531 ot Fagbgr of SAEI 3 s tph R STGh 3, PrBAR at o
con@anﬁsu@hraﬁgeofz-]?@g(rﬁﬂ., bFGF, and LIF. . 149. The net hod

of claim 148, wherein said TG-(31 is provided at a

concentration range of 0.06-0.24 ng/m . WO 2004/ 055155

PCTsh L2693/ 5 Oj40Th fr gl &

wharti n 05, (R of et 45 {FHBRAT A LIE, B Brdfied ot 2
conc¢eatrgiorofange 8f5@7-m001i/ﬁﬂ, The net hod of claim 149,

wherein said LIF is provided at a concentration range

of 500-2000 u/m . 152. The nethod of claim 139,

whersgi N 1§31 He@dli 4 difeh §99 dévhél‘éﬂls sdl@ € &%&{di'ﬁ%ns include

repl acenent” at a concentration of % 31 at a
Seruam me;&atuemht ah aodonQeriteationgdfim 5 %4, 'IFGE& at acmmcerntatiahi afn0.12

00 u/m, and bFGE at a concentration of 4 n
ng/mlf LIF at a concentration o}% 1000 u}ml, and bFGF at a concentration of 9{ ng/ml.



