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WD 2004/ 031343 PCT/ | L2003/ 000804 HUVAN FORESKI N CELLS
SUl TABLE FOR CULTURI NG STEM CELLS FI ELD AND

WEBAOKERWND OF THE | NVENTI ON The present i nvenP¢DIL2003/000804

relates to human foreskin cells, which are capabl e of
5 maintaining stemcells in an undifferentiated state

Al SR OE B s imt E S G PN SR GEfRs

(Evans & Kaufrman 1981; Martin 1981). These cells are

RS H RS HA ERER GFRBROE 1HE ﬁkwgg?ﬁbﬂgbi nto any organ
ryo. Wen

cul t uMad preseauaensororel#S wehhmamfgeddgatcellgndhich are capable of
differentiate 10 into sinple enbryoid_ bodies (EBs),
FRARYBIEGTER C%dﬁ pgndadifraatiatedistalo IeCWURdi tions  (as

furth [ rej

capabl T Ao SR (DLt fihed HoPie nf ceB &S (1MW) of the
umahirhélemeblastatyd (Evarnse & Kamufibai AD8Y Manta 981 k arblesy mells are

t hr ough r ol onged | ture; and maintaining the

SO RS s o FePE et ot PBeRPy Bihay roug ppe and even o
LBABRtEEROHBN WhEE tilnkaY §f Suspbnsfon ESRERS Q%Hsgeﬁ@ bAd i fMrentiate
and endoderm . 15 Mouse enbryonic stemcells provide a

panesithple endoyoifl dodiest(EBe bowgves pace tulturedjender spitable conditions

ha s intog the use r i ne. Mouse ES.ce] |.s. . .
GRS B B F rATB R5 Gk proliferation
eADS%9Sin aRduh&ifefanagiel Osthiee idigaiindad tiothplRkarjolype through
nor mal enbryonal devel opment [Richards (1994) )
Oyelonzadequltucss |and @agiptrinins theggential fo diffeserdiotd fot gerpatives of all
B[guse S cgecl Ies to e20(l.ceontési géjt e L df ungﬁd' of ler% rm

P SR T As %rr%vi de8e3 e Fod“For Mt r88u0| hg
site Mpgeldnhtiyonlt aten0B8lsi pib@ideayseverfud@sol fhontroducing specific
exanple, wth appropriate transfection and selection
FepeiiceiaBEes INOHBE BYEERLBIdHI®hi nat i on can be used to

deriv i . P -.al t.i 1 :
pect nfaganee o PRER kD B AJRER b Rap P Blqap emorvos
usie dretupned r fieclieme rpasticipdtd i aormdl entyyed devdlopment [Richards

chiperic animals_are recovered. Once ES.25 cells
JARDi Gioaches CRB Qe b1ndo4-h Hne 18R AREHD coLmatEF ES eells to
| SnfRR% R Bnlt lﬁ'g]galm EQDinBchiiiBYs %%gl% 4 REbRg: ggifa)lag@ing site

oP
mutation in the xt generation. , mouse ES
mpesifid enutatidnyéntonuowgdnes.i $os cxaaple Wih agpeatiktg transfection and

RETRrTT S FE ol TG EURVEr UG e USEES S ES cell lines
‘éké@g glﬁlﬁnéd\ﬂliekai‘ﬁoﬂﬁ‘ df sREAR ¥es. 20010enctREAI KN Al tBRUGRIIEBMSE: used to

s facilitate the understandi ng of devel opnent al

plovu ebieganmithgeneal embiyoe agé shingdrigrarfiimglsrare recovered. Once ES
dev

L So5PERR 0B AP 876 TR Y AR i
day@JeORIFEMRE the planned mutation in the next generation. Thus, mouse ES cells
provide refined mutagenesis screen that greatly accelerate functional mouse genomics
and generate mammalian models for developmental processes and disease (Mills and
Bradley, 2001).

Although mouse ES cells facilitate the understanding of developmental
processes and genetic diseases, significant differences in primates and mouse

development limit the use of mouse ES cells as a model of human development.

Mouse and primate embryos differ significantly in temporal expression of embryonic
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Mouse and primate enbryos differ significantly in
t enporal expression of enbryonic WO 2004/ 031343

weEFQnAosB@03/ 000804 2 genes, such as in the foPCEIL2008/000804

of the egg cylinder versus the enbryonic disc

[ Kauf man, The Atl as of MusejDevel opnent; London;

Academ ¢ Press (1992)]; in the proposed derivation of
sore swhl gfs ik tbadesndtonRathitd pegretlindrl earsus the embryonic disc

S FagReTit &tes o MRSs PRt dRnS8a st BieBioon: in

B RSl RaRALbY BEEdRNe Ry ke @{U’Rﬁm’ﬂ YA Mul[FENDERNIGnental

and pl acenta Mossnan, Vert e rat. Fetal Menbranes; New
@ag@,\;‘n&ﬂumm FPs( ‘i\@gfp}lgton; ﬁa@ﬁthSﬁﬂi%t @ffWashmgton (1987N)1;

G TR, FELRY R Mo firppry 9 1 7ERHRREA TS piacena

m&shfanavldftébrsﬁerﬂwdl Wiembinded, Neet Bawswick; Rutg&€(1193]; in growth
nervous . system. 10 Thus, to better refl ect

@é@él%‘ﬂiﬁ’f?ﬁ‘%@l‘ To; developmecat (c.gs the ﬂlp@amv@tlwSgﬁeméhapldot Lab.
-a # | 9

A0S AL TR Lo 8, 1838 orvons

spéeamt)s, which cannot be studied directly |n t he

intact human enbry For exanple, in the e
post - TRy éﬁt%ﬁtﬁiebﬁefge@f; |d6&elomrﬁmwleé'§@r%weﬁqo$§§ﬁﬁﬁ G also been

g&\é%té’cpﬁs i athéqﬂ%hxg%a 415564 qp%ﬂ 199g.he

escrlptlo nuiber "o sectloned enbryos
and tHurrmnaES)g:eHs odifeaimsiglrt oimtoe X peed opmeentizE| eventsy wdlidggannot be
ot hgrmt eci e Furt hernore, screens.based an the in

Wg‘rﬁé r ft 0 | BRSO YRR S el |OT gXamplgeip; the early
#) Fa%ta%%ﬁ peent | fnovalefR LArgehal MMEh EaloRBemS 8D largely

or t e desigh and configuration of tissue
restyishek & ithe deh@rm@nesf andmuted atwyglani of sectioogd csmbryos and to

conmpaunds. 20 exa Par. ki ns s di sease and

SR G2 I o Shprl oG P o T

deat hpafh&hiokdl Relecb@baREd 6 Ehelh vERY BifRlentiglibn bVRGSan ES cells to
Repl acenent of non-functional cells using ES cells

specHifolipepges aan adaméify gene ﬁ%g@s»gwtmbactaﬁebﬁ usqdnfagrige rdegign and

E@ﬁ%ﬁtﬁn%%&e@ %é"h%atl‘g)n tl'?er n?y %f(if {aﬁ({ggﬁltcl o?ac?ygmﬁ%)@ﬁgunds.

Hust ple actors

mai nt b eLathple PPakinker'atisease dnﬂhumﬁlleﬁﬁs@tedlhbet%melhtus result
differentiation and preserve pluripotency. Curr
frotthdbes death et dvsfmatorESicene ot sepabecnrese Bf:placement of

%@‘Z& hiSRAL 1§§§1£§E§rc ﬁ@@%ﬁ&l&hﬁﬁ%n%‘?ﬁ& H'ﬂ‘fel&?&%&éatmentf of

s al m an ani free environnent

t he giimv»tder ad rhmmam ESnare ESscellévin rmal urddff@enttaséd staesES culture
Al gﬁee %geq%l?l %fli\ef;gh{]sc\!v 1%}? mnﬁﬁéiﬁ] (];e legr%{lfera ¥on inhibit ES cell
differentiation and preserve pluripotency. Current methods for culturing ES cells
include the use of mouse feeder cells or conditioned medium. Other methods aim to
provide an animal-free environment for the growth of human ES cells.

Animal based culturés

Animal based cultures include mouse feeder layers supplemented with serum
or serum replacement and mouse originated matrices supplemented with conditioned

medium.
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30 or serumreplacenent and nouse originated matrices
suppl enmented with conditioned nedium W) 2004/031343

wWEDANEB@D3/ 000804 3 Muse feeder |ayers TheP@DHi2003/000804

common nethod for culturing ES cells is based on nouse
enbryonic fibroblasts (MEF) as a feeder cell |ayer
suppl enmented with tissue culture nmedium containing
ser umvnuse geedendagensnhi bi t or fact or (LI F) whi ch

o t he oliferat on and tency
¢ ho! £EhE gofte ‘%ﬁ*ﬂ%‘%’rﬁ{?ﬂ“’é{ Ora<fu tojigg & Eg bﬁu'??ég O mole Pembryonic
ﬁg%)asts @@EF}: @4 laSfeBlS ééﬁrl'ayﬁds@f)fémeﬂ?éﬂ %%h L3sPU8Rure medium

mbryos in nmedi um suppl emented”wth fetal bovine
swwmngu@m or hedemio ndiitifon dact@SLdE) whiahagupperts the proliferation

E)’?igbe? | %ﬁgo{aﬁg@’ P eﬁg ﬁ?g@? néﬁgacﬁ%%@hc %&%euﬁmoff et al 2000).
SN 8ats@hd bk fro ﬁf"‘m Hdsk Iéﬁxbgﬂié%ﬁ nfed iR shSplerh&fed with

presence of exogenously added LIF does not 10 prevent
é‘htalf @velm Sfa‘tlmon oflert thesenconalitiaeS B IcEds cEube hmlman@d for many

BESeSin BB aT s P share e R Bicnt i CRERAT ehtfotrisies.
tRiwleverG Whliké endudPESCEdlisathe phegdntd of @kd)genoﬁshy: atie&reIF does not
cells are netabollcally inactivated to keep them from

pirvgnioiffatyntinkons pbthedaimay, Efealle Furthermese die asg of feeder cells

E\aﬁlﬁgaﬁqftlgfc c{r?aggse{heﬁr ?1] J)ts roglﬁctl%gcghds {Haké écgga\-/xg{ 8{) gﬁn?% PS cell

re dcedlires are Vet

thineeripipeicticyl. sadaitiahilhg the deleler @elllsi akofpRbeldSlyanadtivated to
fromenbryonic cells prepared in bulk culture. Thus,

ke hemsizomeouggrovEtsye st cdlsnbrive it 1§ neeessay e bpeefiesh feeder
cald fr e ﬁtﬁ%t &3nd ﬁ\‘ﬁhaﬁn ROLERLE a?r&% utel a%é'gﬁ &et developed for

erapy s can al so be cul ure
Sennphﬁd’ly e@aca:mngl feeden sellisormppnesBrawyrfegh aﬁﬁnﬁmﬁc cells prepared in

ment e h basic fibroblast growth factor
?Bﬁ-%aﬁ ugy the pyesgnce Oﬁefemgen%ﬁcf@mw%@é dhe feser cells

ﬁ&a‘?&'tﬁ&r%&%hﬁél%@hlﬁfma%sth&%*') s is 4 tinmes higher
R under fetal bovine serum 1n addition, follow ng

6 monERscdls canl elge i regeulvdet onsMﬂErrum®pI$nﬂmﬁrw ¢onditie8s using
cells still i ntain thei. ur enc ndi
Sruibiepiaeenglep Py Ringb 8 S Bt SRRUET R hlos ARG, amic 0
b BOF UL thEsed@h i ibAY BleTlonhd SPRAcy bI'ES c8NSis@Mimes higher
uses a better-defined culture conditions, the presence

danmindse fefel beyinmsera. 2B auiﬂltmn, é‘oléovpmgé‘srrmhélsmfrmﬂtunng under
UL PSS BB OB 47 B b o
absiey befatl fewiteflad Whthf @aded afl teee %ﬁwry&ndsrg&&n 1a¥eM Although
%hells ls?stgnrq lelses a better-defined culture conditions, the presence of mouse cells in the
culture exposes the human culture to pathogens, which restricts their use in cell-based
therapy.

Conditioned medium

ES cells can also be~cultured in a feeder-free environment. Stem cells are
grown on a solid surface such as an extracellular matrix (e.g., Matrigel®™ or laminin)
in the presence of culture medium. The culture medium used for growing the stem
cells contains factors that effectively inhibit differentiation and promote their growth

such as MEF-conditioned medium and bFGF. However, this culturing method is

limited by the high costs of both the matrix and the production of MEF conditioned



10

15

20

25

30

grown on a solid surface such as an extracel |l ul ar

matrix (e.g., Matrigel RTMor lamnin) 30 in the
w@e@smesises of cul ture nedium The cul ture nmedi uPCT/H2003/000804

for growing the stemcells contains factors that

effectively inhibit differengiation and pronote their

growm h such as MEF-conditioned nedium and bFG-.

nlmlm@ve An ag@itionclath ghg m@trnfemdothe icendifippgd mgdiyyn eonsishpofmouse

it ThicB3 Vil S oS s R S0aPEOE " 4

WEdl lH@wéVfér aghdi fnhjon, didtintidieofratirthy bodemhbittioned animal-based
condi ti oned medi um consi st of rmouse materjal, whi

ch
XegoB@BYTE AP EnYIE eviith i sTue rang SSFB iFBBSFHFHN, extracellular
r'ﬁq}l\@ egn(% E&]ﬁh le8'm 1§1§g gxtaf" I}{g\gsre?eln‘: sk of animal pathogen
aboveénent r oned ani ma upport systens

drbssetransfeEko thiethiyrme BSnaetndhseronmpromisise fmeratclinical application.
extracellular 5 matrices and conditioned nediunm is
t hat AHaelfree<sfiraSne ri sk of ani mal pat hogen

Cr 0SSg L AN HE cultfres I \nﬁéﬁgﬁﬁlog% %Eleﬁmr&lﬁﬁ&t for the growth of
corrpromsmgfuturec I nic a i cation. mal free
ESiicelis. esThase maltuks eedycarl tumes fp&'devﬂm}e:rsa qumltmgmnd fwithe human
environment for the gr f ES.c These

SCEHTR QF BRTURPRIagHGH ﬁ%rﬁ%}f“ee%aﬂ}e g9 El?r%‘J f%‘&m%%ﬁ?%sd wi t h
human u;,%n?ggdéwtg;e,ser um repl acerrent suitable for the

gr owmt man Stem cells. Human feeder |ayer Human
ES ceHhmag afbS b@llg r@mnbargnomlamdammalu@ ngingu kaman  embryonic

SBRFEC 5 afl PR B e b PR By B R e
5i&hirs FSXBRAIRI Ex1AGE MRImKAKM O PES ,prévetS alkialiad Ipabspmtase activity,
phosphat ase activity, 15 express Oct-4 and oth

exnpoesy St anell dthengmibyyenipselk spaderprdsansigeledma- @EA -3, SSEA-4,

and M 2. for
TR 80 G, TOF PRt Bl h SR ETE ol ptiffblosial
§1Rrsdiaistss €Richhrdd Q21 ZGGQ)'\E\JEMwe\IehethﬁalmQ]br dil@ddafr&mgeagé using
of usin human enbryoni c fi brobl asts qr  ad

hlgmnbpqn Wopu:bfébr@bﬁa@tﬁg jagplt gaé]qpsand:g § @@g@}‘la}c%ql]ssas fgeder cells is
{hlé?#ot?%tflﬁ%e%g i\ %@g lgaqje ali rhﬂ@ds ég;é a%élgt&r@ftoﬁgl @Q§Stﬁ19é§ thereby

times, Tmting t

Biwiting ;heoibmtypbbh(mgbdg@]:"@r gmwhh menodld Fdfoa paolonged culturing
prolonged cul turin t he

d, [
A T TR —
w&&§&/ﬁ1 Lol fiE kR aldd RARabileS &%ﬁ(}revxﬁédﬁ@ﬂ lity in

ture medium There is thus a w dely recogni zed need
for, @herei is wmsl d baddly glebggnizdv antdhdenusand ot havedd he highly

|- f It bl e of
SPuRERRIC0 Koy BF (PTG K ICRRTIFE: POPLE Db Rdring stem
P& inpélfedtfioh ifRoulti¥ 8 SRénedifRtiogs bh&inke, while maintaining their

undifferentiated state, devoid of the above limitations.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a cell
culture comprising human foreskin cells, the human foreskin cells being capable of

maintaining stem cells in an undifferentiated state when co-cultured therewith.
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undi fferenti ated state, devoid of the above
[imtations. SUMVARY OF THE | NVENTI ON According to one

w@zens1dad the present invention there is provPCETL2803/000804

cell 30 culture conprising human foreskin cells, the
human foreskin cells being capable of maintaining
stemcells in an undifferenti ated state when ) .
co- cubeaprdiagt teefusthier Heatvyss 200myefaneds gmbodiments of the invention

. r t i .
BT, 0050 P BB O LS MRSt e
&l @varel he human foreskin cells are capable of formng

Fur ¢ nareoRgRg ip 84l MR et in HheclepmarSrreied embodiments the
%g@%@%m%%eﬁ}gg,mﬁ &?%H‘ cells are of embryonic origin.
St

ccording to .sti rther features in the described

pr ef eAceddimghiodiilidmtiser tfbatures iretheadekérsbedrerefofret emiediments the
origir. Ac grdi'n to still further features in the
Heu e 1%@&0; BF@R PEEMenbodi nents the cell culture

i ncl us&@éoraingttli tgﬂg %ﬂﬁ%ifuemuiee% Hﬂr: PRI RALH QnbRIMRs the

repl acenent . ccording to still further features in
tdiecudmscinclvdds prafure mediveninobidretesurh hed/os saruwn reglacement.

i ded at ' f .at | t. 10.% .
Accor Eyang Tee I orb e o i s ST T Hed epgdipents the
B 8H8S pRAiRABeH coRRhEafidifor 28 RaiM o %P acenent is
provided at a concentration of at |east 15 %

Accor cdhargrding ta $till futther featurdsaatthe desciibed prefedeed emltpdiments the
referred enbodi nents the 15 serum ] serum

ReBorah Acpr gt PP EpeP B PaL | Retie Beacr | bed

pr ef enceskdpEredtiNefifBer fAfures 84 W deicilbdVprdReredlenbodiments the

concentration of 20 % According to still further

seyamuis bBmpm SR descri bed preferred embodi nents the

serum,r.epl.ace ' ' [ £

" SRERAPRTER B bR e B pARGERLI A Wbl

k& eIt bovidddei @ cosceptrationletl(8%. met hod of nai nt ai ni ng

stemcells in an_undifferentiated state conprising ..
delments the

co- culcepiding torsdl farthe Eatres iithmdesonbrrhprefared ey
%ﬁrﬁglexregﬁ%rherlt b GoviaeE af %&&Qeﬁt?at%%tofgg%.her aspect of

e present 1nvention there 1s provided a cell
cul t uAecedingy ks iangther ia3pest efhthe |pgresentandeniion thereain provided a
for eczgdfn cel l.s capable of 25 namintaj Hi ng t he stem .
é‘l@ﬂ]l QL MAAtATHES PERY i3, £ Yo feptiated state comprising co-culturing
the stem cells with a human foreskin feeder cell line.

According to yet another aspect of the present invention there is provided a
cell culture comprising: (i) stem cells; and (ii) human foreskin cells capable of
maintaining the stem cells in an undifferentiated state.

According to still further features in the described preferred embodiments, the
human foreskin feeder cell line is prepared by: (a) isolating foreskin cells from
foreskin tissue; (b) culturing the foreskin cells in a culture medium including serum
and/or serum replacement thereby preparing the human foreskin feeder cell line.

According to still further features in the described preferred embodiments the

foreskin tissue is obtained from an 8-30 day old male individual.
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According to still further features in the described
preferred enbodi nents, the human foreskin feeder cell

WO pove/03s4prepared by: (a) isolating foreskin ceCT/BE.20030000804

foreskin tissue; (b) culturing the foreskin cells in a
cul ture nedi umincluding serém and/or serum

repl acenment th [ 1 h f [ )
f codoRCeEre ot SutieE dor ey ghrbe Ao P Raied embodiments
fs@l%hﬁ% €Srebifin [cBBs BOSE Firb&sh REgkSs reﬁ@ct@ dgmhs,mghﬁe foreskin

foreskin tissue is obtained froman 8-
fissde;viid daS001Mg2E@ﬂa/r6}s’kme4$u@®Bnlltam @@31 ﬂ@pﬁ)eb)mto gingle cells.

Accor to stil r. feat u scr

or of e P ey Bon ik tdier Tepi g P oieaBiteq RERTEY Fgfpdiments
fRERSHInD thd BPeiRinl 15558 fs@fleb@d R trdatthedtivied Rgpside

foreskin tissue; (ii) dissociating the foreskin

tiss uécvzc@émlgttaﬁtﬂlffu@hnrs?@@pre(s i) therdescriiedgirefeered lembodiments the
Accor di 0. _sti further re o
Eﬁr%lp AnLQ eg S erﬁglorgpf%%er{lent age %rlo %(tcl: lgta g’oncegtﬁa'?ﬁp%?%{: {(ea&el% %o.

ti ssuactsrdiieftoctiiduithe featars i\ Me &useﬁbetdrpra&nﬂd embodiments the
According to ill_ further features in the descrl bed
prremendd sempuePisseent eFfeproxided A apriceRraiop ! >

repl a t

| cnst Appnine Rl thaulesh ARSI 0 u?eeé*bodlmems the

h@ad gsetltibedilp oéfiks celdure rﬂmdtame ﬂteSstérheceﬂsle ritiranametfifferentiated,

serum repl acenent. are provjded at a concentration of

pelifgrative sigle dprangymers Ben 190 Pasegser features in the

descr e ot

col | 5 S e lo G oRIER AP BF Fre Pt Esen R QPR W provided o

oouetpdditore rsmltaéﬂtecfor n]rmmtlalnirg a’tem/ (ee]ﬂﬂ at ent mdiffglentinteé state, the

t han 100 assa Accor di | 1 anot.her aspect
EPmPPRLQsH St A Breokineiel o8 ‘BPB Hegug-

COMPOSchhQih Syl kit RhéiOfeatiRisnh %@ﬂé@%%@ﬁefe@%ehsmmdﬁﬁems the

undi fferentiated state, the 5 conposition conprising

komaosifior 8sthenincbidingo fﬂ¢tqusol¢etdd ot ther gréverr oongistigg o6 a growth
till further features.in the described preferred

3%%%?‘?@?& Qrilapd anéSﬂﬁ%’%ﬁoﬁ 6‘% further including a

f act orae6ldaf @thn§ 4dAMINAR aPeOT tBO PidssrtiifiGer®ibn ah&te @bidvided a
factor, an anti oxidant and an am no acid, According

msetl@mi efeipdicorgp carfiteredonedinm smtéélé AOT MAipEHPINg Pt Splds in an
ov'tlg%?agqte %g ik ﬂ%%q‘tog{prﬁfn d Mgcﬁlﬂgﬁﬁ foqgs%ln cellsin a
mal n em ce

alrni n Sin

lg[’&ifﬂhfrﬂécﬁlﬁlhlu&ﬁéidc@ﬁﬁio@s stibdlaRE pesdiucipgphid S(brﬂi@lm(ed)medlum and
culturing human foreskin cells in a growth nedi

Ubbeallegténedie geveh spgdiyn te thesby predise ,'t}ﬁ‘gcqaﬁgloned medlum suitable
%8 hﬁi'ta?xﬂﬁg ﬁféﬁldr{)eﬂghl %pgndlff?%nﬁﬁle& Giel Ng the growth

ere roduce the con I'tioned nmedi um

SUI t a@ordimg tormﬂhﬁmhm fegtusdseim the Hessribed preferred embodiments the
l%rrl]gclllé({ c(?{ gr%hgﬁge g c%%g tioned medium further includes validating the ability of
the conditioned medium to maintain the stem cells in an undifferentiated state
following step (b), whereas {zalidating is effected by a differentiation assay selected
from the group consisting of morphology analysis, karyotype analysis and surface
marker analysis.

The present invention successfully addresses the shortcomings of the presently
known configurations by providing cell cultures and methods for propagating and

maintaining stem cells in an undifferentiated state and in an animal-free environment.
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25 According to still further features in the
descri bed preferred enbodi nents the nethod of

w@e@dosidmy a conditioned nedi um further incl udBGT/IL2003/000804

validating the ability of the conditioned nediumto
maintain the stemcells in amundifferentiated state
followng step (b), whereas validating is effected by

a di f Uateshothervion daBeeds alakduied and soientife tagmeupsed herein have

nsi st | . nor phol na i,s, karyotype anal ysi
Gl kiRt SRR MR PSIobe el Y SLRE TR B or 0
shthesilinbditioaddiogs e A lhbegts hRiHdde Thd aft@fald Hilar or equivalent
gLesentIy _known configurations by providing cell

thage edesarlpdrberi san & Wiedpiagthel prgcterd or restingaphithey present
PG bl et SRR S50 Bl contic,

p&ihd 472006060 804uding Uidf@sttone] il wosgoldefd Agdltio! the materials,
technical, and scientific terns used herein have th

. . . .. e
QHOdRAR YRS atsrBHAvE REkrad sl inssndsa & be limitingar y
skill in the art to which this invention bel ongs.
Al t hough nmethods and naterials simlar or equival ent
BRIER (S CRIPTIONOF ABTEDRAGEINGS used in the practice
or testing of the present 5 inventiqgn, suitable .
met hoé‘be SRR B hetpia deraitedsty TBE KENBIC nly. cuderefprence to
. _ nt b : . . A o
QRN S SR PAT RESACR O I Wy . i
mesthaseis] thah theepatiplles shoeni dteust mayiofeexanipje andl faopurposes of
i.ntended.to he |ipiting. BRI EF DESCRIPTI ON OF THE.
i REtiagrsT s of %aﬁ%}gﬁﬂﬁ PEbYRE O invigptigggnly, and
afc SR EInOMk Yoau ¥ é@pfo%ﬁﬁl;iﬁ Rhst [sCbelieh&l &F 6OMRAMGsMseful and

drawi ngs. Wth specific reference now to the draw ngs
readdpt widerstoad deseriptipe sefe thet Ipsinciples pat tcouedparad sheus of the

are f exanple and for purposes of .

el s, B FARTE o Ao (i PCETEr ol eyttt of the

afvehfien RY @800 deiallvi@nh iOReRbaty 8N fuAdBnd¥ASeeRthrdthe of the

the cause of providing what is believed to be the nost

inyention, dhgidepstipticadipksn with dresdrawingd snakingnariperendfo thivee skilled in
[ale l. f the. i.nventj.on.

il Ay B2 20 RBAERE UR 1 RRRGE R B shisRgig Y PHEY =

det ai [isthefdraviidgs:i nvention in nore detail than is

necessary for a fyndanental understandi ng of the

i nventtéh, 1-RetraeROiopicragRaRakdspiciinghbemen ditweHgserown on a
TR [@RRER, 1L 1050 LRy U ASIH Dlon (i

poaowe.fo2 61 | contdvatide passagss oifrlfGeskihafeedeari@yers. Note that the
p&gtom crographs depicting _human ES cells grown on a
PRIPBY KF Q1ER&FEr 1| 2yl ang glimsic) mannery JiEe tbefirentetsnisph00 LM.

@igu?e *ﬂb“f@%ﬂpﬁoﬁoﬁﬁérbgﬁ&h QPYndﬁxlfihﬁlﬁ human ES cells (line I-3) grown for 37

consecutive passages on foreskin feeder layers. Note that the cells retain their typical

ES cell morphology, i.e. high nucleus to cytoplasm ratio, presence of nucleoli and
intercellular gaps. Size bar represents 38 pM. Figure 1c is a photomicrograph
depicting human ES cell colony (line I-3) grown for 39 consecutive passages on

foreskin feeder layers cultured with human serum only.
FIGs. 2a-b are photomicrographs of MEF and foreskin cells cultured for 4

days in the presence of 100 pg/ml Neomycin. Note the cell death and the abnormal
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1-6) grown for 61 consecutive passages on foreskin
feeder layers. Note that the <colony is organized in a

wO oovg/ozn3ad el | i ptic manner. Size bar represent SPADOL2M3/000804

25 Figure Ib is a photomi-crograph of individual human
ES cells (line 1-3) grown forg 37 consecutive passages
on foreskin feeder |ayers. Note that the cells retain
phesiotypeyyi thaIMEESubuie] (Figirp Ra) sigy bax r@rGShnfg rﬂOnumD @asompared

t g, cytopl as ti,0 res e ucl eol i

o SPEBRLECA RnodpS3E0E 28 PHEACLAE iy g sice b
}e%rés%@lg@%gm crogr aph depi cting human ES cell

colony (line"1-3) grown for 39 consecutive passages on

30 f oFIfskﬁans hgbdmitmgepd depicting Edbaniditlg thetaplmss of Efcells (line

FI.Gs,,2a-b are photomn.c ra hs of MEF .and
Pat Kuiemiive 29 pEs<ders o BT eratapEs Sl s BE8 v for 107
gg@agls%ud\geg inderNatign.t he cell death and the
abnormal WO 2004/ 031343 PCT/1L2003/000804 8 phenotype

of t hEIGE dlistratee kewpgf@c@nala(swsqucbe petapheier dgempsome shown

W BBy b 4B PE B e bisRSH RoB By recting

#HOHRIES Hiearsfed 6f RrekdlRicehReti@piondepi ct i ng
G bandi ng nmet aphase of ES cells (line 5 1-

fol | oGy 42 pfﬁs}m@ﬁ@h@tpcb@n@mmwf%m 111W@i1§g\ﬂaﬁ g¥pression
h
BB RS, SRS, e RASRRO8T LU AIE 5 pegpoecs on

Fdreskire tfredae Aty et SHOSO MBS d@ﬂkowd mﬁgEEl gﬂ hémaa .ES cens (line 1-6)
Kar otype was found to_be 46, is a naor

He Withef maeedlonpl ep#todisfe SES”@@I It% ERé Fole (Ellgure 4a, 5X
|
TR ShERTAEMER) S S5 TR 1 e -

e&mm@miﬁxmtlom)‘ enbryonic cell surface markers on human
Fayer ST Shmuisies Sk AERaRatThages o hibsnir s dirsnd 16
g}dvﬂ??ﬂ- f(ﬁ‘)zsknll %@E@ﬁ%@ﬂ% "(__féﬁrﬁ’ﬂbg %g@ﬂ?kmﬁﬁﬁaogglﬂ(?ﬂhgsz | or>1 (right lane),

pecific to igure’4
%Eﬁén@iﬁﬁg UryeR THP,CR2 0 X grrelglonding anid ARy Aa:rmicélfm!nﬂm 87§]as venﬁed by

L P fetrersiah hiPe B ER it GARDE: too ES

cel | - tF’lIGESSb(—é-a?e ﬁ{lﬁorﬁrc@gra]ﬂfsos\%% ERbESId Eb(flé%e@&fved from ES

layers (left |ane) and in ‘enb bodies (EBs) (right

kceltrego- culageﬁmfbﬁmn@@cfowklmm:@r 2Eqwa$agles>adﬁhngvr@mdcwmmman
SRUGE T, 90 YGOSR, PP RalOL (L% P i
B PefdIbET OBIgaRhSc SitRwsNemBBId ®ody Meghsond €sliowadg f 40 Mours in
Elipension. Size bars in Figures 5b-c represent 50 pm.

FIGs. 6a-f are photomicrographs illustrating in vivo differentiation to
teratomas of human ES cells that have been grown on human foreskin feeder layers.
Shown are hematoxyline-eosine stained sections of cartilage and mucus-secreting
epithelium from I-3 ES cells following 20 passages on foreskin feeder layers (Figure
6a, size bar represents 50 pM), epithelium with cells containing melanin from I-9 ES
cells following 34 passages on foreskin feeder layers (Figure 6b, size bar represents
25 uM), calcified cartilage tissue from I-3 ES cells following 20 passages on foreskin
feeder layers (Figure 6c, size bar represents 50 pM), stratified epithelium from I-3 ES
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cells co-cultured with human foreskin cells for 24
passages in the presence of human serumonly. Figure

w®hkooghansg3 enbryoi d body formation foll owi ng 24P¢IDUr2803/000804

suspensi on. Figure 5c shows enbryoid body fornation

followi ng 48 hours in suspersion. Size bars in

Figures 5b-c represent 50 m 25 FIGs. 6a-f are
tf@prmthpmaqu|qnsﬁ0fe§kmn@e¢qﬁ lgyeyn (Eig‘ﬂlﬁeﬁde §iZe ef sepresents

gﬁ %ﬁ,atﬁgngg%i 9 CﬁloPg%ndré‘Vé ?eéir éertvgsg ¥Ie% g’:%ecelgs ?c\ﬁﬂ)wmg 34
%@é@@ée@ Xy if9RsI8R Sfe@@ersfa%lg e@"l%ﬁ@ tdeOREe0barC ﬁe{[ﬁéslsfi’tg e4andn, and

cus-secreting epitheliumfrom 1-3 ES
flotdlapmgsiriaed pmssbgfetsn 610 EDcdbkibhowmgd®rpaksages en foreskin layers

ERe O 9 YRR g O#eltan: n from 10 EgpiSE)hgle: 's
Fol| opiag 134 RaSAAGRRAORLA! #5540 {1881Bical BUADSS fom teratomas

(Figure 6b, siz sents
danteid| g &-6t hES well§ comultardd E@lth: élluhmnffoi‘dsbm mjlsZﬁbr 102 passages.
assages.on fores f eeder ers r z
s 508 G9hefrum G Cep B PhamdngETY byen igure Tb
ER W0, 30041 Q%]tﬁ@i?’urﬁ) %é&é@&@g?r{aggg%%deﬁn Q8¥drs F%Hrep% Rlows a
20 passages foreskin feeder Tayers (Figure Si ze
batilage pisamaiesignatoty th mesodemmMeyes e S dirsarpebent 70 pm.
nmyel i nated nerves fromH 9 ES cells follow ng 34
passages on foreskin feeder |ayers (Figure 6e, size
PRHSCIERTESRMS TRE MRErARREDAGVBIOIIVIEN S | at ed nuscl e

fromI-6 ES cefls Tolffow ng 50 passages on foreskin
| ayer §he5prefeng) uneerﬁn‘on Bi gk hbman r@paskme aelss, 1\@1115@1 ark| @pable of

7a-c arphotoni cr aphs sh tolo tio
AR PR s O or HBd 55 MeeReanRerne oite [ edls in an

\Mng@fe;gﬁrmdfsgﬁ@skl n cel I s for 102 passages. Figure 7a
shows an epitheliumtissue designating the endoderm

| ayer Theiyunceplerbands bgweticn e theafleedspi aeHe lciiiwmet ar@sthe methods of

d t tod | _ Fi

carp i ML S0 el ot ronyTipRdo dad B3P Togtion Ty e bettr

R T P Sk

ceI | s Bolie erplaiéngaigeast en%ffmbcrﬂamﬁmarrfrﬁhwvgmm ipgletadl, it is to be
SHED Pl B, SO Soh L s SBHERGO T bt ot i

Qlﬁe folewisedescripgdil 6r mdﬂpliﬁedajydhé fEﬁaﬂipIebOdgleQﬁventlon is capable
co-culturing themwth stemcells according to th
o oSRETPRYEIRISH Qfé)?l%é)fﬁfélcﬁ‘é P CATRed Puk BoATiRNY Ways. Also, it is

égfb%rlﬁﬂ%ﬁtéog tth%te %d%ﬁﬁﬂp@%téﬁg}%gﬁd herein is for the

escriptions. exp n| ng at
guhade nﬁd&scﬁptlctmamdl sheeldtrioohe ragadietias limitiig.i s t o be

Embryonic stem cells are derived from the inner cell mass (ICM) of the

mammalian blastocyst. These cells are pluripotent, thus are capable of differentiating
into a variety of somatic cell lineages (i.e., hematopoietic cells, neuronal cells, and
cells of the immune system), thereby offering a unique source of cells which can be
used in both research and clinical applications.

ES cells have been successfully established from primates (Thomson et al,,
1998; Amit et al., 2000), mice (Mills and Bradley, 2001) and other species. Human

ES cells are maintained in an undifferentiated pluripotent state when cultured under
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20 understood that the invention is not Iimted inits
application to the details set forth in the follow ng

waele®en3sd on or exenplified by the Exanpl es. TPEI/IL2003/000804

invention is capable of other enbodi nents or of being
practiced or carried out in yarious ways. Also, it is

to be understood that the phraseol ogy and term nol og
anigblsycondiiens byrhi as ip dhe pragence of pérsdeiopy edycy mpmwm%mented

\zvgtﬁ%lm%rrp of gl’?dl{l rg:%rxgg(ﬂu N Illd)\%‘}er e aﬁ?u&ﬁ:@;{;?% g# fithan ES

Are’ Gerive he i nher’ ce
tdB rdtpireR| dedined| gdiak ysdnditibhe,s pathebdis fra¢ eenv1ronment and long
pl uripotent, thus are capabl e of di fferentl ati nq
gl %mg@pyo@q: tognableipsones c arpqt%z@&gg ay(1 genetic manipu at10n of the ES
gatop0|et|c cells, neuronal cells, and cells of the
I nrune systenj, thereby of fering a uni que source of
ceI | sCuhtothmetiadbdor tsedingrhuntohER estiarach aaimth] dased, Gialolving

applications._ 30 ES cells have been successf ul
g@p@poﬁm weBict bR RAEE RE of st oked BRtrices pogias Matrgel ™

inin é%ges el E %1&Wﬂﬁcﬁ2§1ﬂea%&}ium2%0i%dﬁnﬁ ers. Other,

er sp Human are mal ntai ne
n’ra)dc faflearend |a@pmaclpdsumvpb'ee:he st atfehwahm baseldt feedet celldesuch as

g‘D ?411 0313E f ﬁ3/ 000804 10 suitable
BRET 3°gRE %epé Wt presence of a feeder |ayer
or a Rptild HheSHRPLAITBALRAGLY WdiRdSRS HMaBbrictRNekEdt Qﬁ‘\ecﬂved in the

medi um However, therapeudtic application of human
cghtirmomepmpare‘gord of frc@cfegieo\bayhrsmd dihet wrwlesired exposure of the human

BER b e A Oiser uio g A AP oS G G R aeT o Dherard’ B later
AR B £hdHentdeulEBingDeritl k&ultt@# i Bét%rdg@ﬁébils fQntures.
culturlng human ES cells are ani mal based, invol ving

nmouse gﬁdnclegfth% PEERSnEentvERY psectivpythe-Resony iryentors have

matric T

bdyefipungt RRRY ENEYh st REbooRls ot Mot it RBATERNF Beits in
ROkEre advibn eRetht@pRIgOSIL BSS cdlnYatures idttudise phiripotsmey, immortality,
based feeder cells such_as 10 human fall opian tube

apiffsemtiated pepliferation carsbilig apd pamal kaypPRar i | y

limt f

cont | %g%\}g%usaatdeﬂxg%ﬂtoﬁ:gﬁu%f}fu an Ehgqﬁ\‘/ gﬁ“ ﬂle egeegge g% % hUIﬁlan feeder
lnde mvbh(éd&hepmfdnmfantﬁﬂa cdflls;nhfferenmﬂtedj rrﬁo ﬁbrobéﬂm@ka icells (U.S.

b A ous. 20p 800 T o iy bE Sabrsriist o SHep P gese 18der cens
Rf@e&é tisIRP 5vlfr[‘ 9ni Holet ERHRYERNE FiRobtl W BSh rﬁé_y Waid &troduced

r educi ng t resent invenfion to I‘aCtICG
Pnmsd umthogme;rtbdhs htiage ESmuhume rIedidthan, wamalmumm @Idemcells are

S LoD B PP B R S STV b o 10
ipasda bl sl R LiHids R £1keYas al fBEARF tagkd.t Y,

In sharp contrast the human foreskin cells of the present invention provide an
animal-free environment, are characterized by a short doubling time, culturing periods
of at least 42 passages and as further described hereinunder are capable of
maintaining ES cells in a pluripotent and undifferentiated state for at least 100
passages (see Example 1 of the Examples section which follows). As such, the
human foreskin cells of the present invention provide for the first time a

pathogen-free and homogeneous environment for culturing human ES cells.
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undi fferentiated proliferation capability and nornal
karyotype. Previous attenpts to culture human ES cells

w0 pootthz13py esence of a human feeder 20 |ayer |iPODIN2@E/000804

the use of human ES cells differentiated into
fibroblast-like cells (U S. 1fPat. Appl. No.

200200 2117). It wll be appreciated, however, that

t hese HB%&FOrdig) tg ongaprect %lﬁa)lrffsynfglmsvmm@rthemug provided a cell
K RDhpripin e naR b AEAC o R ptDE bP MG R ine spom cens
tmmsmdnffmntléte@stete velednl co- (ﬁﬂmredcthaéwﬁherl zed by a

relat|velsylon ubllngtwre dallmted cul turing
per i odSotseq hegein, g&s h PR oscallioypichgee gapable of

@1ff“§§1ﬁﬁtﬁn% AU othkeh célli‘_ Cﬁ’z{%ﬁgﬁﬁt i sﬁ.ﬂ&“ %BQC]E]%G%SKIIP&IOH (e,

he present ihvention pro ani nmal
fu&hyr dﬁfmﬁgatedf\eceilhhmcneamlm@ itvyana usdidfetendiated! stag hereinafter
e turi n]g,,perl ods of at |east 42 passages and
agufla?ffﬂteﬁfefaég Tt bed herei nunder are capable of

mai Nt AjoRliRbitEg S@hlpkes! 6F &l égﬂsp&%%;n Hc st lIs obtained
undi fferenti a?ed stpzeie for at |east agii)gbe lgaségmagcgss obtaine

frosebeanpirew tisgfe aflse iEdisidubles age agq: onfrmu nd bwod @fie)newborn

FRBHE Aot S DR pingd @i, e e RGREH: sissug formed

aftek pEAMMRANRYS bREEY D)) TR ¥mBr9éni6 ehﬁr(mg QUIRBbiERed from the
celI's. WO 2004/ 031343 PCT/ | L2003/ 000804 11 Thus,

gewitl dispiee 06 aoﬂ@@SaﬁﬁWe%me afurmgegepfraégenprequdmhe&retwewgeks of

SRR PP ool b ST o R R Rl RSt stom

aellgadoddigy enhisabgadt 6 At Grosbidrineiition ki upshr! dieh @ulld. h.
As used here| n, the phrase "stemcells" refers to

cel | s lwviHnd %rf’é’Péeéfi’é?ﬂ dhajf undiffeentiated ftemat q:cﬂlg pret of a distinet

?ﬁ(ﬁ@?ol&@ lwl{lgll? ?sscl,la% u}? pgtlgglﬁ eatrbleen#%)%trdel %%91%111% c%ﬁ§ of embryo or

taélmla loﬂgmg)yl tthe ahlllleﬂdm ﬂfearre nTypital, shaiterdneaet @w‘rﬁ eélls have high
pl.uri Ignt Stemcells”. Non-limting exanpl es of
éltl%lﬁ?f forlaszpie TREGM PEYBINERY emé%h%ds ePEDe Splom formatipn with

?ggg«, %Eéﬁ%l%'&ﬁﬁﬁn&fon@n Ad?ﬂ'!ﬁ 'gné‘% of"ﬂ%rfr%lﬂgxeenﬁﬁteﬁ (SO cells

bl ood of ewborn 10 |n IVI ryonic s
@ESurtbed descratddiensaourfdeom t he enbryonic tissue forned

?fEtG)e r éage(ft a‘g{??i dp S‘FS;B%P fnofl %@%%g}@i@é?étfq%gbﬂéﬁg@ﬁ 5 the human

ff@i’éé&ﬁn 28 & 1B pf@ééﬂtﬁﬂvé?@i%h atd Qaind &HEY @ﬂtllrﬁatp?cfrgik@n ngsue (ie.,
weeks of gestation. Further description of stem cel

I'd@ pkioviisuel dewemdng tixed glans Rresise prepatisioe penislebf @ male 1nd1v1dual

to t f t
L o 0 R0 b AL SR BT B s
witdistibRirenbi afhedl dtRbmea to stpR dlld dopédkiificell clamps can be

dissociated by any means known in the art including physical de-clamping or

enzymatic digestion using for example Trypsin.

Foreskin cells of the present invention are re-suspended in tissue culture
medium supplemented with serum or serum-replacement, more preferably animal
free. Serum can be of any source including fetal bovine serum, human serum or
serum replacement. Preferably human serum or serum replacement is utilized in
order to provide an animal-free environment for the foreskin feeder cells. Culture

medium, serum, and serum replacement can be obtained from any commercial
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mor phol ogy, which is clearly distinguishable from
differentiated cells of enbryo or adult origin by the

w@Riokzd43 n the art. Typically, undifferenti atBCI/Hi2008/000804

cell s have high nuclear/cytoplasmc ratios, prom nent
nucl eoli and conpact colony flermation with poorly
di scernabl e cell junctions. Additional features of

SHRALICE OF distycat e PEAUEtS) Premples awbldpﬁtbﬁ@ﬂnmr@gm GeEporation

i T e

fsA)present i nvention are obt ai ned from a human

foreskfintissue %’H .,. the sk|$ ﬁ%ue covering the

gl ans 1PEFFLM BF SR (Riasemedusgd by t péessnﬁdpwra@w for culturing
RrefRER Yeeli&OsBIdNs ?ro%ﬂle@aa\f aoéo%c&ﬁ%a%oh nehiodl gupby 36 %, Tore
foreskin tissue is first m nced via SCissors an

pheferatllys § 36 it@B ado,troorsipmefermbhyp 10 §/o th6® &6 kinost pedferablyaltp% to 30
/@n be dissociated by any neans known in the art
ﬁcludlng physi cal de-clanping or enzymatic digestion

usi ng ARbrd@ioRiresehtly PrifetredQhSRHnBntS BF IR (REsehhBivention human
present invention are re-suspended in tissue culture

IFRTUIR rggwé%ﬁtemp@@emratwns@dﬁ}ﬁ/mdstbc semunersplcementis provided

r ef rabl nlnal um can _be, of any
B R DA PR Expipie L SEte SRRl SR o o
ser umAseR| iaegrmat in e o xQfpidsyscBUGRNVhiBr bR, SOMHMan foreskin
replacenent is utilized in order to prOV|de an

deadgnrellsrod dheprosand Hiveriiorf ase cansblef of fesking nfanelpyerscwhdnsattached
& lta;sl%gllﬁ @?dklﬂzﬁ] as™s sk ¢ ﬂ,‘u ugprd%ﬁ%}ace 1ddaﬁfipl 9%6) J. Med.

romany conmer cCl a

RGEH/ TéchﬁGBIZGO@BS]ﬂf THig cﬁaﬂaabmfc ¢ffthé heBbe ferbdkin! Fder cells of the
products, exanmples include G bco-I1nvitrogen

OEFSEBY v Ersion makes these seliushineutbiy forgiQyemliuriog singsunenolayers
M 50l 4 HEeddl S@Hgﬂggﬁ%ﬁaﬁrhlc\}{%tew&lls UQI? psfgﬁfé te while

or serumrepl acemen €ent I nventh
mmumnmnngﬁ1mﬂﬁﬁimmmﬁﬁdﬁﬁmeeder ceIIs |s prOV|ded at

a concent r on r e of %t o 40
pr ef er'dbi¥! t*@fe%‘tte iaghe IPRS?S@ 6?6@@&9% fayer 'refess e gefl gponolayer

NR&A11yPHSth O Hs¥ie2Pp s %th%’ow%s £GGeldi 'sﬂﬂaﬂl@f&rtﬁi St[rﬂr%clrl;lﬁent and

preférred enbodi nents of ‘the present invention
SEO W crfsem Gwi, dteth mllshﬁomrmn0HMSsumtypf: 20 % and the

ser um é cerrent ed 1 trat 0{1 )
of 30% Rt oQBet R preset pyention
ichh %@ﬁﬁ@ﬁﬁ@h {d.] t gﬁeﬁé@@ |t@ fichRIetad@itiothll GRrdeRirlsQ¥Sthat PRvide a

human f or eski n der cells of the present invention
avbugagadiastage- f or mi ng nonol ayers when attached

For example, the human foreskin cells can be genetically modified
(transformed stably or transiently) to express drug resistance genes for one or more
antibiotics (see Example 1 of the Examples section below) or marker genes which
may be used for immunoisolation. Examples of marker genes include, but are not
limited to, green fluorescent jorotein, B-galactosidase and cell-surface antigens. As is
further described in Example 1 of the Examples section which follows, the human
foreskin of the present invention possess a natural resistance to at least one type of
antibiotic, a feature which further enhances their applicability in culturing.

The human foreskin cells of the present invention can also be genetically

modified to secrete factors which support growth of the stem cells in an
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to a solid phase such as a tissue culture plate

[ Dugdal e and Siddall (1969) J. Med. Lab. Technol. 26:
W@1008p313Thi s characteristic of the human for eskRCTIL2003/000804

feeder cells of the 15 present invention nakes these

cells highly suitable for EStixul turing since

nonol ayers  can be used as a feeder cell layer on

virdidereniiated stakg. s Suelh faniep itpdpda bulypgel rot 1??31“?14 & bisig fibroblast
élﬁg}tﬁ f&%jr' Ebffglﬁ eﬁ'fb@{jsl éfﬁte%ﬁfef‘leu@ér L 6}1 GLE f{l@(@ﬁ?& inhibitor

hrase er ce ayer 0 a ce

fmm@ I(ELI:B rfamufw @lflcytokfn@sn amﬁeetbnﬁﬁase ré%m MﬂsCﬂﬁpt@ieo(\IiElEE at an
urface sui far 20 growt h

devated legel((U. %» Pat g‘m% 18%@09?097%&7 an%é%‘% 88/297@,15)% type.
It W Bl dR Iﬁ@rqﬁlﬁ%&ﬂ &t Btk Iﬂcgre Ty d fcggﬁ%él‘egelﬁ Sldelition may

of the present i nvention can
peeaitdtabhdiyg moteculac tlod mganhdi deh etiadngideariag treathels] which are well

hat rOVIgﬁ . culturing advantage. For exanple, the
ﬁﬁﬁﬁhoﬁﬁpé I% &t can be genetically nodified 25

(tr anghienyeay Qi'R% Yerld6 dedeABS E&Eﬂn)(%oxﬁe%r%f?%eﬁe?nl@ﬁéiﬂlereof may

resi stanc€ génes for one or nore antibiotics (see
Bxaipled ihtomarhealiboaeppressige congmcisebow)inorg pronkeer sequences

e whi ch be.used, for noi sol ation. anpl e
OO AP FRRIES 0t g oot iy (RERTR &P, mep.
%ﬁﬁﬁof hyey esp@uiijprotei n, (3-gal actosi dase and

| -surface antigens. As is further described in

Exaanearmpbs afhanitgRlgnpingsugie dn¢lode, vinit care frit| lowided tiepcDNA3,

IR FHEh Bl 2ot PLESE el GRERR 8% S Amycreyto

adthi &3 vliitE is Gorfmadclalle avhilale fift e trdReh Wk efwishivitrogen.com),
applicability in culturing. The human foreskin cells

of themSthexngession Yeptortwhich enables| asiseplategambmueleptige expression in

TR 88 0P OGN0 SHBRAN BY Bl 12

387-9ndi Efapiped bAtr@tbvitahtvectoSuald faakigiis sysiehsidee hhdse sold by
are not |imted to basic fibrobl ast rowh factor
, YrEnbasse, dralifpiaia, nYaf dorlpding Ketregy vapigrs pLNCX and

b@%@&fnn\ghlcﬂ g%«sgllnﬁto Elonf Chﬁ?{; r(ﬂﬂltl@ ERMd @ﬁesognd thr;z TtrEa ene 1is

tel one ase reverse transcriptase
atnsnbee frexaChV beonedter( w&to@altarivdm&bm Mo- MﬁDU%é)iiB(h 1ﬁ’cluded

/ 20741 5 Genet | rranl | on of _t

ERbRAThE? e TRSs e QU AE Honoten S 5 DER BB 0er.
ef f eCtA%dls qﬁérﬁﬂm@@ hx@&?ﬂa%ﬁvé: e hlﬂﬁtr@t@@ 1ﬁetﬁ@tE‘x§mples section which
engi neeri ng met hods, whi are wel known t o one

$ididwsedhé rlnumae flaretSkmeqeééﬂ yqllsaﬂ’xg/ tkt«;f piehentgiomergion are capable of
SR RO AR B SEuPORLL ShEl e Bl

cont aihi§ %c@(ﬁt@l@t@ranﬁﬁ?l@#@ﬂ)@@tsof the present invention there is provided a
method of maintaining stem cells in an undifferentiated state. The method is effected
by co-culturing the stem cells with the human foreskin cells of the present invention
described hereinabove. .

The stem cells can be obtained using well-known cell-culture methods. For
example, human embryonic stem cells can be isolated from human blastocysts.
Human blastocysts are typically obtained from human in vivo preimplantation
embryos or from in vitro fertilized (IVF) embryos. Alternatively, a single cell human

embryo can be expanded to the blastocyst stage. For the isolation of human ES cells
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10 enabling expression in foreskin cells such as the

CW pronoter [Artuc et al., Exp. Dermatol. 1995,
wa281/p3B313 . Exanpl es of suitable constructs i neCTT2003/000804

but are not limted to pcDNA3, pcDNA3.1 (+/-), pQ3,

PzeoSV2 (+/-), pDisplay, pEFi4ryc/cyto, pCWI/ nyc/cyto

each of which is comrercially available from

thaves agiridnis erAXed fiem the Waodishynd ﬂ@ ioper erll pess (ICM) is
|
SURLATS) ALt A ARl ) Al opd od removed

frdfarthe i@aaCMWiblyl gentld PRtting. OTheITMBis Qh)ehyﬁlateﬁqmmﬁssue culture

67-9 es of. retrovir vect or and
é@i@@t%ﬂ%%@ﬂgop&a&e PRGUR Ehyrh e mi esdfoptgonth.sEpllowing 9 to
I V
&ﬁ%@( ?ﬁgb%ﬁ@ﬁﬂ ch Hpireg‘lrallm#?élc grﬁlﬁ hg? 9% Soéﬁn%f)??s InéeChamcal

«l‘ibmiamign or bgsnapeymite dogenagemend the26lls arribar febgatefl pora fresh

not er ... Vect derived from Mo- NMuLV a al s
iEP HIDHEe SidiTLe. GRRBGS GBS PRANGEIat Rptmglosy are

- IlaARGRI b@ecftéd)'%t ﬁ‘ﬁ:répﬂa&@ Rh&Hahhl Ey;('%ﬁssb&af@ﬁ”fn‘t&%ﬁﬂnps and

herei nabove and illustrated in the anpl es section
whpleted. fResbliing, E$ hellshaneeherf origkiynspliéedery @l weekef Homdurther

resent vent i.on ar abl f ai nin S I
BT, mheRR ok AfoeRf-Ga 2Reen TibestiscBe Thpriraf & (6. Fae mo.
5 883 o90;tdbiendd 28PUFL452¢09%; @uﬁg Top. PBRLEISL. 385 P$L;t1998; 1036, Natl.
resent i nvention there is provi ded a nethod of

ﬁ:aatdqtsai MYy 921’é8ﬂ4eé995§ Bongsa et akli [Huar Baprodide d061 ER88]; Gardner
Thﬁhfﬁ#ﬁoﬁterﬁ @%gcf by co-culturing the stemcells

uman f i cells of the present invention

descr itbeil b@ﬁpprﬁ@b@uahatmmﬁé@mw elvhfakleRtcae cabst édn"eslalso be
usi ng wel | -known cel |l -cul ture nmethods. For

@s@éﬁﬁﬁethlwm od ﬁlmgréfmn&mg%trﬁnc dilyrgarc B cpiés ¢asldqem11é%11ased from
I
{hﬁ%ﬂ%#@go%@ﬁ%gy f%){reghmc '“nglgtrg (gﬁ%&ﬁg ¥'ﬁlr1|’l‘g’§0% I\IIO(glﬁhmltmg
e;rdmplas o reofnmgemtia by \aivlnulablé enﬂa;yomedteﬁi va) lah raygsBGOl BGO2,
t e c uman ryo can be
3 %8@’@%%5%?@2&6% §tY 190y 4583 a%lgg%é i sol ati on of
huminsgﬁl %@M ﬁse\éooyz%?)%ét?td'g «? &%09% 808 ed ]fflona human
rom-t l'a

the zona pellucida is renove stocyst an
embryonwegermeﬂEJG)rmHs Hu@h BG celissak @t&pzirdolyfrom the pr1mord1a1 germ

PG PRt RRGRT bheioh oo P BEegalipt e laborsory

@cﬂﬁhﬁés%ow-ﬁn@ ah%ﬂé illdagh Rl ate dTﬂe%eﬁlt&l' afé%hﬁé&ﬁxted and
flask containingt appropriate nmedi um whith enab

pmtslnmjs@alémhnksv:mhmbvwmgthgreafﬁersdl@gd@ﬁ@d inke cellvby mechamcal
gls%&zﬁloﬁl l,itglg EQ%W egi]ss are g}e?l‘iggg\%l? gr)[e)‘gssgﬁ c@Fure g&gnﬁﬁstwenj&}tl € appyopnate
drgiuaslat TigN calid atheula@td Svitd @aily @Bplh@miin@tcddmediug until a cell
Inroighhology 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,

It will be appreciated that ES cells can be obtained from other species as well,
including mouse (Mills and Bradley, 2001), golden hamster [Doetschman et al., 1988,
Dev Biol. 127: 224-7], rat [lannaccone et al., 1994, Dev Biol. 163: 288-92] rabbit

[Giles et al. 1993, Mol Reprod Dev. 36: 130-8; Graves & Moreadith, 1993, Mol
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tissue culture nedium Col onies denonstrating
undi fferenti ated norphol ogy are individually sel ected

whooriaBapi pette, nmechani cally di ssoci ated i nt PCTILROYBH000804

and re-plated. Resulting ES cells are then routinely
split every 1-2 weeks. For fusther 10 details on

d%e ﬁreggxratl on human ES cell s see Thonson et
epfod[ 3t SONGEA-3 8, gevgratgiomesiic angeal species) PMgjarianni et al,

e
]tgggJ Qb Féﬁﬂ?gg Va3 ?5‘3 gogézf’nee 31993;919%0{?&:8&1[1}55[}?#%. 563-8;

Réitalpd v et ZlQGZOOlQGh]mngSéSr d8er7] aatl nah-hunfakeprimhdte species (Rhesus

Roet endeynaaitiaoiontial koo BgBfbies] 4 8K gy rsaacs

%eﬁlsmtemt h@% IHPEEprd. Sshespoesent invention. Human
cel | s can be purchased from” the NIH human

e rrb ry éhice _OQtwmdgﬁbﬂnsseﬂe giestorquliisdult with tHednomamforesiovee]ls of the

CRBPYORY e 5 T iy Uity inglash e sorum or
Gl replhdBmertiBAudiay 16b eﬁﬁﬁﬁes‘%}}gvﬁﬁg@ geregaﬁmec @’ﬂe?eréb‘i? Gulture

by the present invention can be also derived from

19 GuHengBed MlébfamOEE@}IIQbePﬂoglotﬂamCﬁbgmﬂhs Examples

d fr rtrmrd cel | s, obt
S SuhaREaRe not LCR Bobfitd e BlecBR yRars R escribed
WS teirghbb 6d) @R EbIBTIYS arfd&ﬁ@nkaues known to anyone skilled
in the arts, The genital ridges are dissociated and
cut i temsARY rregiiad enigtihe Forgskan colls o ﬂewslty which promotes cell

%hf@‘%% %trglgfg#agi%ﬁ Huf lhlnﬁtsbé/lffn%%F golsnﬁg LP? gckf§g§ giensﬁy of

Wietwreeh raeoapmamrdeayem%mmUm o(rmeemﬁ;lxﬂzss @ded. cul tured

wi th dail repI acenent of medjumuntil a cell

mor phot By be gRBTes ot thaj pifhopeh swglescelk suspersianspf stem cells are
ARG S ol AR b, PROBROER, o g
ct«erhhsatecbbefoﬁhﬂcmloem betonad co,rnp[l(ﬁelycﬂispﬁ&teld andahelcellsaire triturated

USA 95: 1372 199 and U.S. 6, 090, 622. 30
MR Pipelie saprh itk Fﬁl]m \’? ﬁat1§é§5 <& lff)sare dormiss- oBpwEYREgmeasures

farOR &t ‘J&earvoﬁﬂﬁfge%s?e?s Waldh caudeeliWirganigRigae (M 11's
and Bradl ey, 2 den hanster [ Doetschman et al.

1988, PréfennbBi, ghe ImZde faraskin] ceMsatof [tharpmacnbrmweatlomla.re growth

PO esogR Y RIAP OB, egient iy 30 Gt R s e mitomycin
@%prelveﬂm thh 20046@ fektent €033/ 000804 15 Reprod
1993, 36: 424-33], several donestic ani nal

speC| S¥hemcoaeuliared, semalcell gmydh | is) nReptosn] Rer ditermine  their
U, 05 P08 B S P
alattrmomntibu nan pé | WBd etos feeigise (c@ﬂl@&blsdifferentlatlon As described
hereinabove, a number of morphological features characterize undifferentiated stem
cells. These include high nuclear/cytoplasmic ratios, prominent nucleoli and compact
colony formation with pooﬂy discernable cell junctions (see Example 1 of the
Examples section).

Alternatively, cell differentiation can be determined upon examination of cell
or tissue-specific markers which are known to be indicative of differentiation. For
example, primate ES cells may express one or more stage-specific embryonic antigens

(SSEA) 3 and 4 as shown in Example 2 of the Examples section which follows.
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nonkey and marnoset) [Thonson et al., 1995, Proc Natl
Acad Sci U S A 92: 7844-8; 5 Thonson et al., 1996,

w@eok/0Repy od. 55: 254-9]. Once obtai ned stem cRCT/BL.2a03800804

co-cultured with the human foreskin cells of the
pr esent inventi on. Co-cul turilag may be effected using

ny. cul.ture um__ser um or serum.repl acement
ﬁ%{fﬁﬁaﬁl?ﬁ@nt %r%ﬁe@ BriBvEie deTEp élil Mo dRpe of these markers and
?ﬂc‘?@a@é@@* essﬁolﬂ Bf'{)t'ﬁfrs%gh umy. feltc%g I;W@M afglac Glut 2

actors stem ce

iafid hibdesn mﬁhoaman BxtmbleBdfeltt Exangiles¥ecaci %lch%ﬂ&\&/h
f act or s sucfl as those descri bed hereinabove,
ant i bitdsre/selhpreciifempikess cay; ayleteqted ugpg narrame@gmt gechniques

‘kﬁ&wﬁ‘?ﬁ aﬁ@?@%@} L 21688 E%X?qﬁ%ls ?12?1'3{ %ng i fimited to flow

Survi va eration’b

Tytoieady| fy; rrmmbkaleihmgndi arskdry, iminunokiswehemzhe Ubr é:&ra(&@ﬂ)ular and
cells/fcn? and abqut 50,000 cells/c is used. 15 It
Rtracel AT IHRESi AR SHZYRC lgfr?lﬁwawgﬁ%ﬁ gcesigdmolécular markers.

SUSpe'iﬁff@x‘%ﬁtlﬁfoxﬁﬁlﬁme&e&a{rﬁal% %e #&‘éﬁ:'dl% th& WA 1%(@1' duch as by

clusters may al so be used I's end enzymatic
aepest transcnptas¢~ECR| luamgdmlaﬂkr}slmcsﬁcemumlré gsdeeEmample 3 of the

oo Brish P ek R L @n bedtotig bygh TR

are qurm HPMBNA to NBASHIRS EQ &l B hSatfNOlid Sffected. via
| arge clusters which cause cell differentiation.

mne@fs‘me@bnty of alralihrphospliafass skiivity eUn@ff@fentlhted prese ﬂs cells have

R Bn R ke PHRE 57 RE gL bR T AR Sl 4 %

%ﬁrﬁf&ﬁm&‘lﬁ?ﬁ'& ahfle1dvElo Pz OWitH rt@wvwdrhlee@ts@é@uﬁ%l ki -according to
en co-cultured, stemcell growth is nonitored to

desreifasiurer’ s ineirictions {Yeqtemkabaratoress Batlingamesteslifbruia, USA).
appr oaﬁlla %’ﬂltjﬁ Qﬁ‘lﬂ’gj &% tof(? E‘ftelee)r(lggrtg epfo %gloa:llo Calgerm%nsal levels

deterni na can use

qi.&.f plueipblenty)@an a% Kéeﬁetéﬁlt@ egbnixef BSnRNal ffereatimtionh ePluﬁf)otency
e€$h0| ogi cal features characterize undifferentiated

el ran berfrosdtmped bygieigstips slie |1%tar$<é9? spcadfvens MJ and
I o)

R AU PGP SRR, by g g
Eiimlrmi Sm?. DF1B6INE], E»daotphpnzl mgmtmm fijrm ﬁgfhtéﬂnhﬁr’ﬂattOMﬁiswe fixed
ce erenti 0 e _determne

Sigmoftshyde ST bistadgaicallye AR s St e layers
E(f £, %ﬁ‘&ﬁﬁ@rtﬁ om@&deﬂg'a‘iﬁtéc‘(&ie%) dipfife Bl BRL] abl@fﬁote'r:x‘é’& of the stem

exanpl e, primate ES cells may’ express o:xe or “nor
stHgef ﬁmepmmnc Irerbig N bamletegamsd bySBEiA)abBitartal fdmasmbryonal

TR BP0 DB D5 B TR B

In addition to monitoring a differentiation state, stem cells are often also
monitored for karyotype, in order to verify cytological euploidity, wherein all
chromosomes are present and not detectably altered during culturing. Cultured stem
cells can be karyotyped using> a standard Giemsa staining and compared to published
karyotypes of the corresponding species.

The human foreskin cells of the present invention maintain stem cells in an

undifferentiated, proliferative state through more than 100 passages.
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Differentiation of human ES cells in vitro results in
the I oss of these markers and increased expression of

w@evens13giich as a-fetoprotein, NF-68 kDa, a-capdi/H2003/000804

GQut 2 and al bumn as shown in Exanple 3of the
Exanpl es section which follows. Tissue/cell specific
mar kers can be detected using inmunol ogi cal techni ques

5 knod Brillupieatet in EraemioR ef the Exampogectiorapglpws stem cells
. r . . .

COSRUTScBYne B 0 18 8 o SRLAY i Shon rtan

emtmal dekjonymr folloding 41 passegdsubraforeskirk frederardls emayimbtcsimilar

[ noassay, far secreted nol ecul ar markers. o
BRRPET W SHEFD H- ol & LeGR PR B BEnbtclp aitl subsantiating the
TR HENE braatigRufterify mefh%\ﬂ@l%ﬁ%t(&a %_g{ﬁéﬁ %@?@?ﬁ“}s@%&ﬁ' il Qulture.

mar Ker-specific priners (see
ExanplCescumuing by)the Pasergxavgntion nfyt alsb b elffddE by garoviieg of the

det ected by RT-PCR. Anot her. approach to, deferm ne ES .
B Sl PEAGHPIELT GRS SUPPEEFBAT ot & RESKPeIREHES capditioned
alddalmh.ne phosphatase activity. Undifferentiated human

ES cells have al kaline phosphatase activity, which
can bé bemarfaeskyy céli romigtiorted mediie refershtoda fedium enriched with

B0 AP P e Rl o cutring
ipBISSd, Wi E1OAStor Va6 s Offickehlp 8 MhREiR StemBINI i ElAfRe.
lifornia, USA). The ability of ES cells to

di f f er@atsyathetic magixedn sibstitud thetised forgleedrrrglls bimwe fitscontains
i, L. ' b d i E ,
Chpfel AP SRR RAR o A b BB ol R B Bl By vt

calirerci®statyy i njecting cells into SCID m ce [ Evans M

and Kaufnman M (1983). Pluripotential cells grown
di r ecEricplapln seable are B aesilaFomatrpy comperentsypych 2s those

LT MR T e——
hécspoir-digmad | doyplingan e ccohanertiak prépagsiope isnal#ildies from Becton

i...e., endoderm nesoderm ectodernm). . ]
ial%l%ﬁnﬁfa} R ryt?e gl @ﬂg@n 80 eepbtaingd |18 g forpwth Factor

RASSA forYRBbh OMBEANRRuBELEL A8 &%Ye.t hft &i%gm a soluble
to formenbryonal bodies as descrlge I n @Xa l e of
phepaatiangtas Fagelbiatin Holinedwdrol tuows .ceR6than geld ci rocan témperature

noni torin .differentiation state, stemcel]ls are
57 b P B Ghenir o pler Sfisnilar Taaix components
%84 icbpeidn® nfighued argUpli@b1eiak Yan M3BIBKE @dpending on the cell type
chronbsones are present and not detectably altered

dergnprobifiratad. Hos nowl dnaleds dameimin, cidhrbrectian poefeoglycan, entactin,
ar Y using .a st;andard G ensa _staini ng.and

SEraS YRR A0 B SHRNUANS: R YaRoR, donitlEnnn abgferably

s@eeititant SArabbBulbtiifix RoRHsi dte G for &ﬁtuhlﬁg hBfrfaf @it cells.

invention mintain stemcells in an undifferentiated,

prol i flbedumas fereglin cel condjionask medinaris poBluged by gekuringduman
299440 3&%@‘%39@5%&9%&999 819n‘her conditions suitable for producing the

conditioned medium.

The growth medium may be any growth medium suitable for growing the
foreskin cells of the present invention, as described hereinabove. The growth medium
may be supplemented with nutritional factors, such as amino acids, (e.g.,

L-glutamine), anti-oxidants (e.g., beta-mercaptoethanol) and growth factors, which
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17 As is illustrated in Exanple 2 of the Exanples
section below, stemcells cultured according to the

wo e@ehsrsgs of this aspect of the present i nvene@DIL2003/000804

retain a normal karyotype foll ow ng 47 passages on
foreskin feeder cells and al st simlar nunber of
passages (i.e., 32) in the presence of human sergm
Temmefit stemestlagro it inran wikbifgentited stgteofSerume apd semm replacements

cul turj t hodol t u rt growth..of stemcells

i Bl o BB R bt BER: RSt rR6RT o 1oy

al so gelirirtealeddby ¢ gowignelivhhfor saffRfent eineStoillow adequate
synthetic matrix supplenented with a foreskin-derived

wsHauiatione ®f pecaetedn fostgisntn Fupper ksiencetall qupliferatiphedn an
. : o a o . Y .
QRS RS, RO R ol 80P BB P24 b

it0d1 aM Hwavee theadultueinp tparibd gan pesdadell byvhssessidgthe@fct of the
are_ sufficient to maintain stemcells in culture. The .
sywittme c medium x o apfeRy st wrvethy [mad n dHtpremiatipB e fpsy described
. it s . .
FiFREoAle268, e SO AR5 P Al CRPOEBLAnkfs of i
sapettadfitiee presdrt invenSorbthe maddénm iScoiditionedifard housai t abl e

are extracellular matri x conponents,. such as. t hos

deri v§6‘ef‘f%§’§8‘§8ﬁ%ﬁppﬁéﬁ‘6r8 gonstitiqriing ﬁ?ﬁagﬁé g assed on the

%al@%lf?h&%s@%‘f%ﬁéj 'cGndi{iS&%Pﬁ@&ithgé‘;ﬁ?greC%[é igﬂﬂﬁcﬁ(ﬁa preferably
a abl e ton

conmer ¢ preparation is avall om Be
Bivokes senusgnefelediched nismeesvaContyreloRT kel aultire apstbms are reviewed

obtain .0 a h_ Fact.ar.  Reduced fornul ati on. Both
fﬁlﬁ;ﬁy gﬁ%ﬂg%‘%@%&@@ is\égflol\/ht rigel RTMis a sol uble

20 pr Pm@ﬁ?%cﬁm@mi&m gelBE R fdelohd PNRE ThédHim! gfdVth Snedium
that gels at roomtenperature to forma reconstituted

baes cqvaditionedrioredhen) iSxskearatest tfiroat 8el ningan fergskinkcells and collected.

0 ents and.c nepnt m xtures arne suitable.,as a
T PO (b pereCtiicd (T s Bimith dopesin. §Se S, oF yped Tepliledly to
Bé®lidibrefutheflbat s F wedivnd 6V 4tdRd] tRn Al dWltire fdriddeB6Yidsd that the
entactin, heparan sulfate, and the

pr ot eogl%lgan X f

pelleretarn bets 2Bty I SraditiongbemidivAnt i ons. Preferably 25

reco e 1. i e r
LU SRR oGl s RLOAE SRR Sl [0 T
comtiiidriednaelinmdif yin presqut dcdatch iy dulapplidddjrdetipmn stem cells or

foreskin cells in_a growth_ nedi um under _condi.ti ons
stirackgst o %Perﬁsa&‘d@eie%@cte\*?efw@é Reh 3soetpltnitliption. Farfuture use,

ST P T (2Dl o
i nventlherabileg ofabe cotditdonedr mediatmovithe Tiresegt awtehtiom do umintain
%% ?}J wlur? 1 gatﬁggat\é\nd gtgter}ggsrslegsle i llesfcggédo Igesféinglyo%g. as

As described hereinbelow and in Example 1 of the Examples section which
follows, the novel foreskin-derived feeder cells of the present invention provide an
excellent substitute to prior art feeder cells since they can be maintained in culture for
long periods of times of at least 42 passages (ATCC Catalogue) and provide a
complete pathogen-free environment for culturing the stem cells. When cultured for a
long period of time on a constant, pathogen-free feeder layer, the human ES cells
become more attractive for clinical research and human therapy.

The human ES cells cultured according to the teachings of the present

mvention can be used for several commercial and research applications.
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L-glutam ne), anti-oxidants (e.qg.,
bet a- mer capt oet hanol ) and grow h factors, which WO

wQO®4/0831843 PCT/1L2003/ 000804 18 benefit steptTHEI2003/000804

gromh in an undifferentiated state. Serum and serum
repl acements are added at the herei nabove descri bed

effectivye cdggcent ration ranges. Cells are cultured in
t he ngd\\ﬂEJFP PP giells gan ibgi differentigipd igo gestggfed developmental

3ge dils, &Cfe ﬂaﬂ&i(ﬂ@er@ﬁtiﬁ&?&&fg?%ﬁf&?@ﬂfaﬁo{l Qf %Hegrp Qils can be
stemcell proliferation 1n an undifferentiate

snititted byygiavahg yovetgheviiredi undifferentiated huomedEDyells in suspension
cul turing for 24 hours at. 37 C. weyer, U ,e_ .
Gl iginp it B OL b Pafie e s udengoRditions agpromote
QhifférBRiatoANH I pRAGHar RN MR E6MIAG mBy WA Ahdrawing or
differentiation (as described hereinabove and in

Exddimg| reitrignts, Agroythdfastprs or pywkens Ity the owdianbddingimgt the oxygen

of this spect. of . th resent invention the nediumis
DESRONE, SR 6o R Oh 5 CUMERRTGRE-of cult ur e
appar uird CurkAES LIV 8y RPréiehi BivBARALAbeldl® used to
scal e and pur{Qose of the conditi oned nmedium Large

1

preflage pr JANAt librrsp rdpiévedp lupcoritamishiedswithecNNA fom feeder cells.
deghi-cat ed devi ¢ces tinuous cell .culture syst.e re
TN PP YL Sy s e i BN ifls 8 5 Qe Severse

FRink@Wedgo &a1EDINAL ITOR cON A gRpuAt6n taf bOsbiabtel RAth nucleotides
medi um_ growth nmedium 15 (i.e., conditioned nmedium

ifEoms cparnerdel fhreblntth and mbey dedls exflainslesisgd spesifirity, to produce a
I i | ' hat the human

?S g%%%?«%cﬁg%lgﬁ lébr%lda/# ybtg&lﬂls E?@%@% ngt(}]ar%)?ﬁt o condition

f urt hafuthat BRegllolculiidd ube@WiRE tadkl tdactiabs 6£1HeUsresent invention

peri ods, provided that the cells retain their ability .

t%8n cBRdiseHl ol tshEepelr ufictors deethatssy smelhemelsadlier HBig8d peptides,

LB% @ebﬁd%t, eﬁﬂaﬂ ey Fﬁé{)ato?dc&{dﬁt%ns.t 5§ €as TOfrurd Oconditions or
ondi t1 oned medi um o he present i nvention may be

applipdetichi)rthet bifecinthst dharaciristcsonf stexd rcaltd. edidroexample, growth

copcentrate the effective factaor such as by salt .

FALICCREE PUHsIanEDh, (OXIRY pPaiuiial ientalion dee Rt e tested by their

Rigafiphabine flfededit@zen at -80 C. The ability of the

condi ti oned nmedi um of the present invention to

mai ntain stemcells in an undifferentiated state is

assessed..as descri bed herei nabpve. As d ri bed . . )
nor of 1O P TRI: SRR TOTRL ToseieSI Walt dgieh invention
WhilIChecofiRl dppkent & @nd Qrihadii9r &Skddnimd@e! e dpb€ ABkination of the
cells of the present invention provide an excellent

daBeving sramplespyvhish asg potfisisdded died limiinge eAddidgnatlanedsh of the
i Lned..i ul.ture for..laon riods of tines of at

LRy kO e BB R Pl gt

cadpheictipad hagte- taess 88atHonOBEBW fihed ekpériMEntilg sif®rt in the

stemcells. Wien cultured for a
following examples.

EXAMPLES
Reference is now made to the following examples, which together with the
above descriptions, illustrate the inventioﬁ in a non limiting fashion.
Generally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and

recombinant DNA techniques. Such techniques are thoroughly explained in the
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30 long period of tine on a constant, pathogen-free
feeder |layer, the human ES cells becone nore

wa@rdonmssiye for clinical research and human t hEPCEHPR2003/000804

The human ES cells cultured according to the teachings
of the present invention canobe used for several

conmer ci al and research applications. WO 2004/ 031343
ematynen 393/ i9p exapie.] Melgrular Cloningrdnlaberatasy Mammall Jaenbrook et

5 SRR ROL 57 MASLRF, S0 ORRDeal Lk A v,
Bi.f(1994nAuatbicber 2if, "Steentdeblosols anMiteculariBibkiegt] Jokn Wiley and

al | owi ng over gr owt f undifferentiated human ES cells =
Bonss BabSher avandind aBkox Beweh SAGas ol Gublsdp adolgruigg Cloning!,

gél'?;g\"vﬂg BSSGR! New R (1 685 MtBA%: AN ake@%ﬁgﬁtaﬁt ﬁNA",.Scientiﬁc

erentiation in a partrcular manrer.
Aaredichn AoekselewnConkc Simend letlnbweds) "GtenomddAnajysis: A Laboratory

trients, grqwh factors. or_ cytokines to_the pedi
St Sies ey Sy GnC Sl it by g resha ew York (1998);
SHBRIIbRIefes08s 1SBE f6ih tiHr §.$ UpS1aqfos. @ibd6I88d JI‘,EBRQ?E§4,8OI,531;

cell s obtained by the present invention can be als
0562,669 andr 5p42.854 "KdNABIdlggyard Irabbratéryellgndbook”, Volumes I-I11

BT LEG, 5 Bd et L GRS B el o B dibiaue by
ardnhey, f witdieriss evwer se. tnogpcrhied Baitfoal MekMyt Ph&ocols in

cDNA preparation can be subtracted with nucleotides
fmonmelely Yy Yelumdsi bHbblokigas ). dhdedt(894)c Stites epfal. (eds), "Basic and

desi rred specifi &4 Vi .10 \prpdyce a ubt r act ed .
ChgRa] RIS G EelinR Rptn *g, ARk ARRRRIE LY (1990
OkIidY @dd agiginsi d{edg), t'Selditedt Bagiddigm Telluhe PhREEsIbgy", W. H.
i nvention 15 can be used to screen for factors (such

&seesmn Pndndtec e dY ods (135Dt iadaiable jomyumgasseny i e sextensively
RPN oy BRI R0% BHER SR L Birot, U, par oo

clran ster3,839,053;08,83506150¢ €3,850,5Fr 385a/9817,3,860% ' 3,879,262;
af f ecti ng subst ances, toxins or £Ot enti al

it é8nt 383811 a8 3cahIWe34s a4 0y 4 HBP98.876; 4.879,219;
gg@'ltﬁ‘?”aﬁ@ g ﬁ{';t'%lfgoﬁﬁﬂb&fﬁe %9{1511%&5" lonal Moby €S (1984);

aht ages, and novel features o pr esent
i“Dueletd drrid villybridedont Hppes,eBt D.o awde Higginnal$.i Dy eds. (1985);

illed int art uppn exam nation of .t fqll owing, , .
o ot iuton ] G atoRo FafdhdcP et e ey P804 Anioma
Al Ehpnat IffeshBeE R Of. BE(19¢8Y; I 'S BiTRRd! CBRL SndBHzymes" IRL
aspects of the present invention as delineated
Pegsei (EASOV " 2 Practitab SGwiaiterddolepulah €loting hPedatt Bor(1984) and

gs/geﬁl\é\c’?dglég %%Zyemx %E,%ﬂ"%f. q'—b’ l%l,'lxggc{etmiic %retsrs];e'Pél?i)l"o(%c%oqg A Guide To
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al.,
"Strategies for Protein Purification and Characterization - A Laboratory Course
Manual" CSHL Press (1996); all of which are incorpotaed by reference as if fully set
forth herein. Other general references are provided throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.
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EXAMPLES Reference is now made to the foll ow ng
exanpl es, which together with the 30 above

waele®en3ed ons, illustrate the invention in a nPEI/IL2003/000804

limting fashion. Cenerally, the nonencl ature used
herein and the | aboratory pracedures utilized in the
present invention incl ude rml ecul ar, biochem cal,

m crobi ol ogi cal and r ec dAMERE DNA t echni gues. Such

S PR TSR IR A PR g g

exarrpﬂézteﬁcblmkzedﬂlxpmﬁlemljh@tha@lsl aboratory l\/anual
Sanbr nt Protocols in

9), “Cur
Mol ec%O %bf -gf”éf’ggﬁf f£ Fl(fpﬁggdef gl {ings = Fgraskingissyg was ghtained by
f\)/béi%ﬁt‘ll) 1nf&'ﬁ¥éd%hs§1tt fﬁ‘)lm 8 to QP' Hﬁy? Bid rfc’frﬁltapﬁﬁié WSSUG was washed in

| ecul ar Bi ol ogy", John ey and Sons, Baltinore,
Merild RBSI (lo199g¥y, Giand ﬁlé}nd NYPIUoﬁﬁ)I, oaice@uiiglecissors and dissociated

[ 5BalE St yomeihgn witf A Eah TR Tfhidnstr EDTA,
HEb SAN GBARKSlan MY - WS X9 il 20846 Hh) Résu@ﬂmg digsle )Ci’/lcl) suspensmns

"Genone’” Anal ysi s: Laboratory Manual Seri es
were gropindn Svltheg mradlb@rm@a@mg 8P &b Pulhreged’s mNéxﬂeﬂ&agle s medium

(0B, R0 B bl Bl B MR, crns
Xlah(2, 1997 ; Ué&)%l Jz ﬁwlpgmtaxﬁnbal@qr aﬁzqr¥ -feRapeeancl, and 1 %
Vol unes 1-111710 Cellis, J (1994); Culture

obn-Resentitl @emlosac;ld AtoWbr(aBIbumhamls fronTT buftnogroe Grblyd island, NY,

E@?P&ﬁﬁmﬁ?\%t oig%qegklpnmefimn %59942’151 B Ed‘ht P?mhl or serum

cHla@arnt as Bollowad. Gfo%&ﬁ%edl&h'fbﬁﬁ)r@h@beﬂ ﬁlﬁé*sSFB F'Bagd ¥8 was
and dinical | munol ogw 8th Edition Appl eton &
yme

Eamg@nemci weith 20 &b feted rwhFBSAr ygwne,gLogamé)T,, USA),
Slétﬁlgr%]lggﬁlg‘sé& ?&%ﬁ%ﬂ cag 1 n%% %gggwg‘iJgF’%st;ué)V\{en%mé?with 30 %

Iséﬂﬂiﬁﬂﬁb@i@éﬂl&ﬂﬁ&)dlﬁx&@&éﬁ? t}fanddg&@ﬂl ey USA)t, had pad et medium
and scientific literature

Kprsforeskinzagil lygs F1 353901 B, Fg 28}},@ ’y“ 14 aneg% 85(ns §pgplerF1)1ented with

30533000 enERGnaifon I nd fomeyTpSfh T30, Do pin e

4yeBd IpIA1 Bing Hrﬁisﬁl—EDF Aa(ﬂdS 7 Zﬁ'&pﬁﬁ ZIQ 25 & Bpraciedtogda, Grand

% 41 gf\;z,:{ﬁ[gﬁ%or ﬁléplﬁéagery 1veijo se apzf ggqlﬂrgt'%gsg !]f(c:)reé]g{ggells were
| 3

CHRAF Tieneg AR STy SRR, BY bR RSy By -

FEroashivgy, URA) Ifor tweel hodksoRblpwed hynbbidshee th €8IS s Cellsl were then

8 A P Lde, to

BTS00 51t CFETRED TR bars TS Iane) b iethethe fops min
AR At 1 5¥0 |RPM 134 7 mifiC AREIPeBddY BSReder Mdllium, and plated at a
Protocol s: A CGuide To
concentration of 40,000 cells per cm?.

ES cell lines - The previously described human ES cell lines 1-6, I-3 (Amit
and Itskovitz-Eldor, 2002) and H-9 (Thomson et al, 1998) were collected using 1
mg/ml Type IV Collagenase (Invitrogen, Grand island, NY, USA) and transferred into
2 ml wells in 6-well plates containing pre-plated foreskin cells. Co-cultures were
grown in a medium consisting of 85 % Ko-DMEM, supplemented with 15 % SR, 1

mM L-glutamine, 0.1 mM (-mercaptoethanol, 1 % non-essential amino acid stock,
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25 Met hods And Applications”, Academ c Press, San
Di ego, CA (1990); Marshak et al., "Strategies for

woeabesrs4Puri fi cati on and Characteri zati on - APCT/IL2003/000804

Laboratory Course Manual" CSHL Press (1996); all of
whi ch are incorpotaed by refeeence as if fully set

B} GLGHBEL bHIHES (HbGURGRESS fiven Y b06abr bsmbarienh B USA)
pfc’ihéx%ﬁﬁ dolcQIthiRs Wk n%’e ‘g? ﬂtynfotup Qodlit cﬁg‘gllﬁ{lﬁe@rﬁ\é}rﬁe?’ype v

for the 30 conveni e he reader
O@ﬂ@gemassa fon 30 ont andedplatedrie ﬂasks&onnammg)ﬁesh mediuter ei n
by ref ;1 2004/ 031 CT/ | L2003/ 000804 21
?I%ﬂ‘% e {E éE 1$ weTo\pangg epapapyerted scope

ntal Met hods
st abl | shma% hids® colfhst [ ORhHuNK 76X R 51'1)”5‘

of foreskin feeder ce i nes - Foreskin
t i ssudrewusfeasionad, Wb@l pbly gEGFB areeturr dClqntﬁfchr BEdBosoisacds Palo Alto

fro 0. normal nma Ti ssue s
dré mg?éb ﬁlﬁ@gy 3ygrr081ggm res é?agﬁa 2C, WA Wsmg@;&) or stably
angrestey i 8 HGinSH Ofoiresatm 185 0Gicat Bhsid® §aﬁs9éc%oﬁekﬁb%1onﬂuem
by incubation with Trypsin- EDTA % Trypsi n,

BERAlayersnof foregdm celts @mwm shatd CSNYﬂaSlBSA()GIﬁmer 2@eﬁ@any) were

B T L o B BASBE OB 238 S by B M
Coptiges, IRttdten ThrhdEd, Kh@ﬁituﬂi DidN Gerlidaldin qlsté@l}?aﬁd 60 pl Fugene

concentration and no pyruvate (Invitrogen, G and
ibsA28At(Raqhe, zﬁ,g;z{)ed SpioRpL - st ﬁgnsfcptlpnrﬁubclonﬂuent monolayers

Q)? f&[ﬁ&%ﬁ‘@ ﬁ)se (ﬂl 7 acpgn Ela ﬁos \Q/ t?a%gﬁ:c(t&d Wit lug R asm1d in the

ase rom n\/l rogen,

Iisﬁésenddﬁ‘df iﬂquweh&ﬁ freEanaiikh I’(Olpfﬁﬁieﬁmm\ﬁ&og&pgb%@ﬁoﬁd Rhenium
éjh serum or | acenent as foll ows

Jarsalem, {53 )sﬁmdﬂ%%h ugepe, agent:3 Incphatigngwgeffgededigcording to

?\}_ﬂg&} gﬂgﬁ%ﬁg&ggﬁérhs U%ﬂtré%k;?&al SQQ& ﬁeofsgrlﬁtilj%?)tiéz @sgarné K lones was

ceﬁied:tediiine(ihe Eﬁeseﬁfe afi dt0B6pgRb nsmpmlﬂr(gqgﬁig Iimglm;or%gﬁ @@(rporation,
MR S AR 5 o Y

F5, FMWQ lle;lﬂalRFSlJl% F 13, F 14 and F9 was

suppl enented with 20 % human serum (Chem con | ntnl
| nc. Toweskin-derived celblBines piavéle axcelbdut feedet laserz(fomﬂge?ell growth

I [ 1{: 4668% %sgabésliﬁs' nlf%ﬁﬂﬁ%& gnwn‘}/l%j'g[r }l&%h? g@“ﬁﬁ H%\%é‘)g@/ embryonic

fsteYrﬁcé’lI@ Rk diies Ritetech Gettifted hOTfcR8Ki1ys! | s were
mtotlcally i nactivated by incubating cells with 10

ng/ m Feraskiy eelts Grewwh gitm megfum mnhememgd wsA) FBSr g@veo rise to
I%Gr))%'(gbsias’c—(ﬁlkl WU (iilngéf W%lgh’agergéted I}orPnB%re than 55 consecutlve passages No
reduction in the foreskin cell growth rate or in its ability to support human ES cell
growth was observed regardless of whether foreskin cells used were of a high passage
number, or following freeze and thaw cycles. Noteworthy is that when in culture,
foreskin fibroblasts have been reported to grow at least 42 passages prior to
senescence (ATCC Catalogue). Similarly, the growth rate and morphology of
foreskin cell lines derived using SR or human serum (F1, F2, F4, F5, F6, F10, F11,
F12, F13, F14 and F9), paralleled that of lines derived with FBS.

To determine the ability of human foreskin cells to support growth of human

ES cells, the two cell populations were co-cultured in 85 % Ko-DMEM supplemented
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collected wth Trypsin-EDTA (0.5 % Trypsin 0.25 %
EDTA) by incubating for 8 mn, 25 centrifuged at 1500

WORBMHOBB45 i n, resuspended in feeder nedi um BETIL2003/000804

plated at a concentration of 40,000 cells per cnR2. ES
cell lines - The previously gescribed hunan ES cell

SO WA RN

| I V.

e 08 o0 bpgeness UL KSR AN 3kl et

fabdﬂrézlsyecm navhrirangfepedlipt asethutd pediemticehidmaintained normal ES
ul tur grown in nmedi um con st' g of .85 %

il BREARS ©03 et TRt n 108 ToRREROIORY ORieLg Poloaissgowm on

RreskiVideda épél%ﬁhgad?ﬁtped'fm{m{a&t gosaN | BhAEE. When
aci d stock, 2004/ 031343 PCI/1L2003/000804 22 and 4

grgvm Ontiﬁ@@kmdktd% EShategloWthomad mhniz@bmpngwdhe direction of

I Sl of %ﬁqegﬁ%ﬁye&@%ﬁ élgﬁ)té sgr%ﬁ% e%ﬁ-g}&evffﬁggd g’glomes or round
&%ﬂn@é} egeRs fIQraHQQC)'” BlodRder, %&hé\h&%d ndér %Sllﬁgher magmﬁcatlon

cont ai ni Ag fresh medi um Mof phol ogi cal assessfent -

thelfbmslm rderizsdibi iveld nmm@loanwam wdentied te tapef the Mﬁﬁ*‘\ﬂenved ES

)ﬁg%ﬁlﬁ%‘lgﬂﬁrﬁg eiw;r%%@tgipae te p z?r@u 8‘???@’3:( P7%V(1)fh aal?aﬂ)nucleus to

%@oﬁbﬁﬁ GhENGHH Rathble PréRncdCHf ohiSAY thiid€ Inuelicts atnﬁetyglcal spacing
hygro cin resistance gene was transiently or st

betumert Berastls (Bigwiend. fopddiipm huaansES Fpes grioa\ﬁlsmetmlly on one of

{heafp%sl?%t n%g ﬁ?l“%i)%%% gf&ﬁlﬁuf?@h%eﬁg %{és f\x% ?118\&;}1 on another

arner

ﬂ&esndiranﬁé aevalbdmd diffbenge ﬁxh Esmed grawtm eE@ﬂesiem @pfF8 F1, F5,
serumfreem&wum I nvitrogen

%rﬁﬂ&r i 1,902 addRi f@rﬁsmdmeg évmmeé #fug b/rlamlqn Bhgelberayth, and
a6 ﬁarae%ﬁ”o F Pfcult%?@ ho&ﬂ $H ﬁ{&?eeh}an'cﬁl) 3{ #i6rs for BS

ranstect on su cl’onfl uen nol-ayers
cellsl Fofvaimy Thpassage of Midskture mﬂjsetutroas;sHSamlhobvm tx’ans‘fared to

plasmd in the ese of 500 1 ser free
%@&Mﬁw £F ﬁ%ﬁqn@%& ﬁmpglgg PY3Ep Of %bﬁ emmaﬁ?sﬁ Fofirigs lines Gie,
P‘i Or10) @1 YSES &7 ahﬁ ‘P@?l Un@éﬂh@s@ JonEfﬁQﬁQES%ﬁere propagated and

| ncubati on Wwas ef ed according to Fugene's
mamifiaed plugpoteni m;ltln as undifierenSeted statofor af leasttdOlpiastaiges.

resi stant cI ones .wa effecte of . 400

07 1 mEAR e A Shofy e Prgnncel 35y R SREectafuist - EBs
Edrehatid® rm@@% stlxlﬁh@we Okt ﬂ%ﬁp{é@sl@r{ lEYar sy @leny morphology and
Experi mental Results 20 Foreski n-derived cell 1ines

pxmv:i;suel @fﬂypncalewfaﬁ@é@éws)éy%tv\gmgmonm@e |cultguemﬁt1h passages at
Wﬁg g?fe W{l cul tab dﬁts Qnr?,gqusqu sglauni fréﬁgce%rl]e\ﬁt 2 nz{r%lq}t)plel%ent to the
culture medium (foreskm lines F2, F4 and F6).

These results demonstrate the ability of foreskin feeder cells of the present
invention to support a normal growth of human ES cells and substitute MEF as feeder
layers.

Foreskin feeder cell lines are characterized by a natural resistance to
antibiotic — For post-transfectional antibiotic selection hES cells are usually grown on
transgenic MEFs demonstrating Neomycin resistance at a concentration of 200 ng/ml

[Eiges et al., (2001). Current Biology 11: 514-518]. To test their antibiotic resistance

unmodified human F-3 foreskin and MEF cell lines were grown in a medium
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stemcells, foreskin cell lines have been generated as
feeder |layers. Foreskin cells grown in nedium

waeapplozsent ed with FBS gave rise to fi brobl aspeT/1ke03/000804

cell lines, which persisted for nore than 27
consecutive passages. No 25oneduction in the foreskin
cell growth rate or in its ability to support human ES

%‘éﬂpﬂem WithaldOqkaiet & Nep@g'amdl Whdle dhe MIEH helts started to die on

d ve b
B! FER 65y RIS TR, Tty crBeTon SRR SRy N i Sherrans
pRaptipe (Fitukding), thef lmeskiofeskintdedb lapsdate deheRoBPRAIly normal and

reported to grow at | east 42 passages prior to
sermpajerfeBhERPEONEATiHon ) dotiahe avll geath peergfobaping 4 days of
f 30 foreskin cell lines derived
51% &a%&é@%ﬁ@%ﬁ%@ um (FlI, F2, F4, F5, F6, FI O F11,
F 12, TEesk&esEltéL\QeﬁBﬁistﬁ% thapafosdsk@l eslist hate of ndthrAE Sesistance to
derived wi FBS. To determne the ability of hunman
prgttalRg wh |qa§ Regutdizsp dpt PRt-tiaptedionaLARIOtESseledtio  of human
E %%\}go cell populations were co-cultured in 85 %
M suppl ement ed WO 2004/ 031343 PCT/1L2003/ 000804
23 Wi Fordshirt/odBR can lﬁ%ﬁeﬁbﬂt&ﬂyilﬁumﬁﬁlﬁwsto [beearhe ahtibtic resistant
initially grown on

;ELLE&Q &E*E&t.‘lé#gﬁxfeélaﬁ%%%l@mw f‘pélﬁa@a fRegskiny gels sypst addrgssed by
fr%s?&lﬂngd thd @ﬁge\{lltﬂ ﬁiéqu%r nﬁgﬁﬁ‘ ng%sn?%ﬁé ggﬁee dgd CPﬁ%gere trqnlsfected

conti nu proliferati n nor ma

ﬁs‘ag theeBugeme lgud Itltaasfectm patesn (oeche Thgpliedr§i@icoymdtells were
q Eet%I hon es on 5 foreskin feeder |ayers

talfastid) 5 BVRPED S PHORVTHAD TORSEET s gr own on’ VEE.

When grown on foresk| n feelers, ES cell growth was
organi zed according to the di rection of grom h of the
foreskin layers resulti ngEXaM&ddedhat el liptic shaped

o B OES IR PR Crpucb e SRt b e or

foreskin der PHEIVNOBYPECULIWTCONERUBENRES dEPLSCal tO
that of the MEF derived ES 10 cells: Essentially, ES

cel | sMaseriglneud Egpeyimental Methdds with a hi gh nucl eus to

et oA pabi B BlE rRLERGRE i BB il otcemia

(IEargblMex 1L’f1>)lcenilﬂ giﬂh@ﬁdnl, divitlopemnGiand| isped, NOWISA) and nuclear
Ig_é)l ally on one of the foreskin |Iines for 20
5JES, WeTE| vess iy hieRtonEs selsfips ageerdingy twstaggard protocols

f
cé%wg onal Y8R B Hpfifiy CRUFALRE NahALTahEG SRS Dganding of
flirémobdifiesarvhs Fﬁerfmd kagvolding So smppafhttectr 8qimstrhytidng n@diemsa,
[I_grow h, subtlt ted for each ot her,
ﬁfaﬁg W@B(PFF cP?tnn H legst iy ‘éel#h%ﬁf sgple yere @galyred ppgd reported
ERordifty tthe TOCNOW ng 76 passages of mid-culture
substitutions, ES cells were transferred to a

pat ho@enmfnpé@t@hvmmmnmtCslﬂxsppwlemd Pyeccalidt ¢f0 thén in 4 %
para{m rma{deﬁyd PlocRe & Por|l|5nrreusﬁ 1‘1'2 @/o normal goat serum in PBS (Biological

Industries, Beth Haemek, Israel) and incubated for overnight at 4 °C with 1:50
dilutions of SSEA1, SSEA3, SSEA4, TRA-60, TRA-81 mouse anti-human antibodies,
provided by Prof. P Andrews the University of Sheffield, England. Cells were then
washed in PBS and further incubated with 1:100 dilutions of Donkey anti-mouse IgG

antibodies conjugated to the fluorochrome Cys 3 (Chemicon International, Temecula
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F1, F10, FI 1, F5, F12 and F9). Under these conditions
ES cells were propagated and 20 nai ntai ned

w@bkwriopstent and in an undifferentiated state POFII2003/000804

| east 40 passages. ES cells were also shown to

mai ntain all ES cell charactewistics (i.e., EBs

formation, karyotype stability, Oct 4 expression, ES
MUY EsllompraBispized gpdeman insgiedSuorescent migipsaoat (CARL
%gsfsa@grn%wers) foll owi ng continuous culture of 15
passages at’ well defined culture conditions using

ser umBxppliaearne Res@lgs a suppl enent to the 25 culture

medi um, (foreskin |ines F2, F4 and FG%. These results
denondtaetén-dedveddiepdearcel finep peosidents celfpowith spusistent karyotype

R BRI oy AT ROBE R o T 0 ol st

Ferdes layersfte sdgroricedrnal gioesh af BS chids, &atyetyipeadalyyisavas performed
nat lii stance.to 30 antibiotic -

al. re For
98t> eeligeionting GRminuRHE PHRBIEondereskinifeiieR asersel | s are
usual b D puhtObhtctics 30 £98RE ond/GHA-SIIEIREE ?iﬁgstoég&% gt?sr‘ﬁ:d following

Neonycin réesistance at a concentration o
[22} geer 41 pasbages(2001). Current Biology 11: 514-518].

e R LA, SRR RS e

) .ePGH/ K30 | in'M
SR NORLSLEORAR, 203 G S e

dire able tot maingade dvenadalyS foell$ ovifhn stable orhyonnsaswdsefor ilomg culturing

ang10 enonstrated an aberrant phenotype (Figure 2a),

HF€°Numan foreskin cells appear ed phenotypically

nor malK. icospehiaftiod Of BEScllatiROrddehtoayt efBdted following
det ectabl e cell death even follow ng 4 days of 5

anelppgesk priogls|of cultering miidutoseskis) lineshiasthe peesghees of human serum

r t [N | ).s ve a natunal .
637 LB R L RSHBER| . BB RO s ces G
dest 20 framsdael bampla) wart fotidioi ave abeed] keryosfpeh e, ).
cells. Foreskin cells can be genetically manipul at ed

to bed8HBaAnES viellsi ¢o-pulbired atfilh feteskinTidaivadi feedsy cdls express
SR8kl Y PP RSt 8 %V(f@?'}ﬂffﬁ’rrt lﬂhgra‘c‘:{%kigt? ﬁl‘é@%ility of foreskin

addriessed by transtecting the cells wt
higgrvainfedder reedls sthamamtge neornfaB gewits oficiandn &%s feeltd, elHC was

usi t he Fugen i pid transfection system (Roche . .
A?SHEHB%P S’&ihé‘ﬂl?B;aE%ﬁgﬁsp Bty enic SBrfBteirathet gibodics including
hyaL QUBE ISBEARATRACIAG ! §SE LS hivd G0EK1. 15 EXAVPLE 2
FORESKI N- DERI VED FEEDER CELL LI'NES SUPPORT GROWIH OF
Following 57 passages on foreskin derived feeder layers, the I-6 human ES
cells demonstrated high expression levels of TRA-1-60, SSEA4 and TRA-1-81
(Figures 4a, b and c, respectively). These markers are typical characteristics of
undifferentiated ES cells (Thomson et al., 1998, 1996, 1995). Notably, the
stage-specific embryonic antigen 3 (SSEA3) was only moderately expressed while
expression of the stage-specific embryonic antigen 1 (SSEA1), a unique marker of
mouse ES cells, was not detected (data not shown).

These results demonstrate that foreskin derived feeder cells are able to

maintain human ES cells in an undifferentiated state after a prolonged culturing

period.
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PHENOTYPI CALLY CONSI STENT ES CELLS Materials and

Experi nental Methods Karyotype analysis - ES cells
woredoapsizses were bl ocked using colcemd 20 (Ke€huolgnos/000804

col cem d sol ution

and nucl ear

I nvi trogen,

sol ution according to standard protocols

(I nternational

Syst em f or ENdMRLEBt ogenet i c

G and island, NY, USA)
menbr anes were Iysed in an hypotonic

per t o ERISRN Ry el RERREIEC LS SUTERRT TR0V o
(G ensa, Merck). KaryNOpRRVAL B8 CEEaSt 50 cells per

sanpl e were_ anal

zed and reported 25 according to the

| SCN. MesetiatsansToanesimestqlMethods:| s were fixed for 20
A ‘ | For Y
5% nor nelnebicR VY Bl Y SRS Crp el yRAE it 8 2o Tea BS cells

Bebhn lia domeklin lderiael fecdardajencwbatrethobat fromethaioghéll plate(60 cm?)

Cwith 1:5

TARAC AT EBY,

%XP

SR EohEiniel o)

SSEA3, SSEA4, TRA-60,
) aad were fyrthor disepoijed into small

e A St AT LVl OB e

wht 58 IdO@etti |dikhieo N&Greihel)oG&@YangNtih - M0USEuId Consisting of 80 %

anti bodi es conjugated to the f] uorochrone

(errE¥EYh sppplemaaied onidh 20 e feiaubevivpsguoy

G I e

3 0132

I'nverte

ot

uorescent mcro

s 3
¢@%@§4@B8d, HyClone,
gooep gn?’%aﬁa&ﬁ)g%%g?ssenﬁal

Ganiif® Ay. stdokp aUnlegndtaéraRasitiéBalF Glefskirohated invad GisRORVitrogen

rovide ES cells w th consistent karyotype ]
Ap ESLONGiSteRE Siecpression widiniliehEBs stap vetifed using

cel |

suppor

i nes
FogpRIatiie

'Rir—q)dlf%ﬁlowf

nor

SmK Srobhl

f eeder

| ayers to
karyot ype anal ysi s

was perRéverseegtansenipbise QBRI scoupleddORCRY- QOB i RINAUS/as isolated from

petverd
N

ures 3a-b,

In

regp_t_lzge%

on_forﬁskin f eeder
mgh ESselljonirpiy ensrmponpthrpdd

T

2

By

| ayers. Two se

t
Izstest ed met ap

arate

rusing Tri-Reagent

epthidodlt edNAGyMhksik &y peyfpendd orel pg46tal RKXA tehise using MMLV

results denmonstrate that foreskin feeder

cells

are

abT dPrasnepai R Mpdinem Wb Eaf) soearding do gppmaifacturer’s instructions.

CIRER HRRANE S

exantnation o

S Was repeate

%ﬁcég)‘ﬁgg)flﬁﬁo}ly Elie%scrpo%ﬁ '(%n? ﬁﬁglfﬁ;ﬁg glt\é%‘(iﬁb%ioqv All PCR

frehdtmns nyluded an initial strand denaturation for 5 minutes at 94 °C. PCR products

were size-fractionated using 2 % agarose gel electrophoresis.

Table 1
Gene product SEQ ID NOs. Forward (F) and reverse (R) primers (5’ —3°) Reaction Size
(Accession Condition (bp)
number)
Oct-4 (S81255) | SEQIDNO: 1 F: GAGAACAATGAGAACCTTCAGGA 30 cyclesat 60 °C | 219
SEQID NO: 2 R: TTCTGGCGCCGGTTACAGAACCA in 1.5 mM MgCl,
NF-68 kD SEQID NQO: 3 F: GAGTGAAATGGCACGATACCTA 30 cycles at 60 °C | 473
(AY156690) SEQIDNOQO: 4 R: TTTCCTCTCCTTCTTCACCTTC in 2 mM MgCly
a-cardiac actin | SEQID NO: 5 F: GGAGTTATGGTGGGTATGGGTC 35 cycles at 65 °C | 486
(NM_005159) SEQID NO: 6 R: AGTGGTGACAAAGGAGTAGCCA in 2 mM MgCl,
o-fetoprotein SEQIDNO: 7 F: GCTGGATTGTCTGCAGGATGGGGAA 30 cyclesat60°C | 216
(BC027881) SEQIDNO: 8 R: TCCCCTGAAGAAAATTGGTTAAAAT in 1.5 mM MgCly
Glut 2 (J03810) | SEQIDNO: 9 F: AGGACTTCTGTGGACCTTATGTG 35 cyclesat 55°C | 231
SEQIDNO: 10 | R: GTTCATGTCAAAAAGCAGGG in 1.5 mM MgCl,
Albumin SEQIDNO: 11 | F: TGCTTGAATGTGCTGATGACAGGG 35 cycles at 60 *C | 302
(AF542069) SEQIDNO: 12 | R: AAGGCAAGTCAGCAGCCATCTCAT in 1.5 mM MgCl
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15 prol onged periods of culturing with foreskin |ines

in the presence of human serum (i.e., 32 passages) or
w@eoous3epl acenent (i.e., 16 passages). Al exeen/nedo3/000804
cells (at least 20 fromeach sanple) were found to
have normal karyotypes (i.e. 2746, XX). Human ES cells
co-cultured with foreskin-derived feeder cells express

LA %14 T O’I 20 dprl \Ip

302

iy oni o S AR R A BREe o Tur (e S s
FRUHEC™Eel I's to maintain normal growth of human ES

cel | s Telddoinugs farendrionneBS agellb warsultERdCR a8 1vst R0 passages with

nbryoni ¢ surface marker antibodies includin

skgn glgrivesSfeeder qells- werg 1drawseem 4nl casfiygnt lgwm%mamg. Cells
. : i | o6 .
E&éﬁegﬁ%éasﬂl?%te I Nk @GS Kdap I% éﬁ&]\églgg%te&%ﬁk-oﬁy %a?ef 68@5151&6%6 mice

s denonstr expr essi on

[RAdldn, 66nsabSEAskaeln dRERMIe BiatorRls (Ee@uaminedaistblogitdllg, at least

respectively).. These nmarkers are typica
éﬁ§%§§§29$’JF?§”bf undifferentiated ES cells (Thonson

et al BpdR98nral 86.11s1995) . Notably, the
st age-sgecifi c enbryonic antigen 3 (SSEA3) was only

moder #Setefls sppriasemdiyliffeecntiatepines embryonic gém layer cell types in
st age: speci fi.c.enbryoni c anti gen S , a_unique

PR P B oelicerepvabytont NogeSRfodertvel Geadbts i tone Wlawes - To
SBEMN khat SRR LS RN sRcdapanstifptirdkialddQte %E&E\aé cells are

deri'ved feeder cells are able to maintain human

deictionally, as weltlias fpbemniypicalbdcaisastant afithehumap B oellpederived by

| tusi i.od. 04/031343 PCT/ ] .2003/ 000804
Sihek FoBF e B TetBeets e EErf R HerERR Cpiod fures of the
St ntiofr WM Do rSnFabpensiMat Xdl PleBulBNhbryoid bodies (EBs)

Experimental Methods: 5 Formation of enbryoi d bodies

("B Jsofatasnand Fsncapsistent Izene exnuessionFSitlun|the EBgrwamvasified using

Eﬁrv-\gﬁﬁl g@@?%@gE@%%% Cclgﬁ%/ g{t‘fea\#:hrage)glr %?%gequvferrl’%@wt: r<]:(<iills of the
Qokt agenase fdmnByels)i.condesorédn, fentdbdien Hids&asieahedAs shown in

into small . cl anps usi ng 1000 tI G lson pipette t
Trareat t gthileqpadiffereatialg

mesoderm, and o-fetoprotein, Glut 2 and albumin all of being indicators of embryonal
endoderm. The diminished Oct 4 expression in EBs samples was consistent with

previous reports of diminished Oct 4 expression following differentiation of totipotent

cells to somatic lineages (Thqmson et al., 1998, Reubinoff et al., 2000).

Photomicrographs of embryoid bodies derived from ES cells cultured for 24

passages with foreskin lines in the presence of human serum are shown in Figures

5b-c.

i ps.
cedllss gy %|f9wsl@a«ieﬁﬁe¢ast%ﬁ¢ﬁr lines

1% A ST ) 4 G P
bod iSebolse HRN Qetf4:ngdel(eEBSdin ﬂﬁ@e@ﬁﬁings%ﬁﬁamﬁ?ﬁ)&n deveibment
0 S ol oL 80 cals bR P YremABiogld EBs expressed
BEART vlibh WRE @siUefENPSRE bOAMCHRELkiN liRGE ing neurofilament

(NF-68 kD) related with embryonal ectoderm, a-cardiac associated with embryonal
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corporation, USA. ES-consistent gene expression within
the EBs was verified using RT-PCR follow ng one nonth

WO poog3ensi on. 15 Reverse transcriptase (RT) POUpl2ee/000804

PCR - Total RNA was isolated from either

undi fferenti at ed hurran ES cel2Bs or from one- nont h- oI d

EBs u Tri - nt kit (Sigma-Aldrich Corp

Loui s SIth% th?ﬁSAﬁsu t ?8?’6@“}‘?53 t%‘%t Romanfhellserowe Pn §01"63k1n derived

I t
%Kﬁkfg&n% agf %ﬁdgtcm Vé ﬂm?gz?ﬁ%xgﬁ%o?lgs t?la{\g'gid?g&%{entlated to

Ve, vageny serpdorldieagest o manuf acturer's instructions. 20

PCR pr d t re describe
S PSS SR S AR R S A e
lepib gjuﬂhc sthMeheRenAbive At PRt sibsEhiist §8e Q&hﬁﬂo@forg’ lines

products™ weré size-fractionated using 2 % agdr ose ge

slenoricd ghioreask S celits) éﬂffel‘f@@ﬁ@ torepahugonabBEeth Dapd@s,. ES cells were

SR BRI Al Rt S0 eje, e

gk H3 BN lihed T- AGAAIAT GALAAGEIET AT ‘%QatGIYlﬁi e%a@ﬁ teratoma
60 C 219 SEQ ID NGO 2 R TTCTGECCCCGGTTACAGAACCA

tonfappes MgereseNeti 6 tikpyeseed fm Kaee 3emb:yon1c germ 1ayers mcludmg

R e A RSB e oo

bhidg 6l tiserecatdd paclilac bpitheBER. | RepGsertative tissues formed in these
GGAGITATGGIGGGTATGEGTC 35 cycl es at 65 C 486

(tauRion3s 519 degransirpiediny Figur, apt;rGGTGACAAAGGAGTAGCCA in 2

wﬁ#&%@%w log tﬁ\%%s 6 lIng Go_éuH%Ed with foreskin

(BEORT861 paSERs| ErdNast B ﬁssa’é@ﬁ;@ﬁéﬁ%ﬂﬁﬁﬁé&&ﬁi%‘yﬁ%ﬁce of
n15m\/l 12 d ut J03810) .SEQ | D NOQ
I @:ezﬁﬁ}i}&?‘é;m(r%ssmém tissugy from afl thrge embpgnigeerm

R e SRR

dyolas $Satells Ovas @radi2ined AFRHAZEHE DNgSEQItubngiPeridd. R:
AAGGCCAAGT CAGCA T 1.5 MM -7 WO
2004/ 03 SRS UPesy i%%%bgﬁcfﬁh% GOV P c%%gﬂnﬁe"% fogger galls were

(70 4038) Squ% ol Q@IGFIQfS{VﬁSwﬁ‘ﬁ a@c@m@tesgétocols Following

rfilitﬁffwgmazmrlraESecells Eapresseiegencs asrocitedmeith ol thr@Sembttyloaal germ

a{n%rformech %argttom%(s) i %%vsoa gr?smvt\{nghof tissue arising from all

ﬁaye utz vzt
three germ layers, as well. Unlike other protocols, however, ES cells were propagated
in culture for extended periods of time currently as many as 100 passages,

maintaining their pluripotent, undifferentiated state.

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

provided separately or in any suitable subcombination.
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foreskin derived feeder cells were drawn from4-6
confluent 10 cnR plates. Cells were then injected

WO pi0a/0813¢3 rear | eg nuscl e of 4-week-old nal e SEIDHI2E3HB0804
mce 5 (Harlan, Jerusalemls ael). Resulting teratonas
wer e exam ned hi stol ogically,29at |east 10 weeks
post-injectjon. Experinental Results ES cells . ) _
spont AHBGHER yiheli pFe@rtiont haw deemdesaivsd yonpenigesiian agdyr specific
FEbodikRRSbRon b £l i AN el BB G variatons
wdllibkyappivant touheve skledeh lilse &0- Autdrdingtl, W i intended to embrace all
foresgln derlveg eeder cells are functiaonal

wagh aliemiesomegifications wuheariations thgt (il kR tﬁrs spigit |agd broad
h I

S5 58 0 pDED R80T AEHIIBAE Q2O Bak B Rl picarins

inmengntédm ﬁnﬁﬂjspnejfxea@wmm liereis usq@epsnied.in A]seia entéstyl by reference

nbr yoi d d|e were jsol ated n .
B0 1l St B Oy DR RPE S B i A it B delepuligation, patent or
gﬁfehf laBPlidaSibR v shebifiGlly Mt Rddvilihal fﬁﬁh@aﬁeﬁff‘t& el rcnco orated
ifferentiated into représentative célls of the %)
énntfmy bpi refegarcm | layasidgian, e1tat1meenmnnﬁcaémimfeanyn eafeirence in this
ect.od

GRRPrR St acote weefeed i SRS sth ok shotuisfyrgasg is available as

foeRe et td iRGesehiAv@fRgd Oct 4, a narker for
. pluripotent enbryonic stemand germcells [Pesce M

and Scholer HR Cct-4: gatekeeper in the beginnings of
manmal i an devel opnent 20 (2001). Stem Cells 19(4):
271-8], cells harvested from one-nonth-old EBs
expressed genes, which are associated with cellul ar
differentiation including neurofilament (NF-68 kD)
related with enbryonal ectoderm a-cardi ac associ ated
with enbryonal mesoderm and a-fetoprotein, Gut 2
and al bumin all of being indicators of enbryona
endoderm The di m nished Cct 4 expression in EBs
sanpl es was consistent with 25 previous reports of

di m ni shed Oct 4 expression follow ng differentiation
of totipotent cells to somatic |ineages (Thonson et
al ., 1998, Reubinoff et al., 2000). Photom crographs
of enbryoid bodies derived fromES cells cultured for
24 passages with foreskin lines in the presence of
human serum are shown in Figures 5b-c. WO 2004/031343
PCT/ 1 L2003/ 000804 28 Thus, these results denonstrate
that human ES cells grown on foreskin derived feeder
cells are capable of creating functional EBs with
cells that are differentiated to the various somatic
| i neages.




ES cells co-cultured with foreskin-derived feeder
cells differentiate into 5 enbryonic germlayers in

W@ 2008/03133D further substantiate the ability of PEDI2963/000804

lines supported human ES ,cells to differentiate to
enbryonal germlayers, ES celdps were tested for
teratoma formation in vivo. Following injection to

SCI D beige mice, the RHEFIERENCESLINED nes, 1-3, H 9
and 1-6 were abé@dc{n@?ﬁ Vg IIeScreaslt gen%?ed 1ﬂ§¥e{1tﬁ1t§zr atoma

cont ai ned represen |ve 1SS
enbr ydnl c gerinM, a@apenten Wik, Udblagnal MS; atih |GPY a1 drtis €€ Waknitz

oé nusic]lé‘ tlfled eplthellum mel ani n

3BT kg aaiivs 3. hemsrac i 200055 dopelly getvad kenan embryonic
3R 81 0 RSOkt SRt e
o€ calfwureDswe Giolo27f D lved by the ES 1-6 line

co- culture Wi ines for 102 passages,

(the ast 36‘ ﬁ?&‘aeﬁﬁwltéél@m U2PRy.- \J;%Fggfﬁﬁom %@d spontaneous

f
?E‘S‘“?fg‘é"éﬁ"gt".féém??5@’322’%?‘?%%%?2%’?’9 IR i ¢ germ

| ayer $; EvanseMbd&anfmth&Har M%ny Fembligmient FirgwWidsre of

ﬁg‘fffﬁoaﬁﬂl%ﬂgeélg SRR g NARE RO Topner § ot 1 1
concl usi onpahkrasR ES oxel | Eoﬁﬁ@ﬂ\’rbfoi‘ Jﬁlﬁ{r{gﬁ&t nce‘ﬂefl%lé/ &thm early

feeder cells were fthus functional sti nct
aequse egbexas qmltuh:dantmfrdmnewpdmbwbbs terotdroimbomg st cells. Proc

ff el | s expressed genes associ at ed
%atﬂh‘g%q%lrgctlﬁ)ltgé%a%ﬁ“' nal germlayers, in vitro, and
formed. t er REDEIESA | dhdVBMAleyC ANEIBY ). n&oﬁf n{du§§ 4§ Iﬁﬁﬂ S¢@rating
fromall three germlayers, as well. Unlike oth

me@@b@é|CBromwmvé¢arraege@emtssdeern@phb%éeP i n

| t f
gg 13r pagg{g‘géé&@%n% g?al A hg ¢ bq%ﬁ%«{rgg[,e%?n?g%o %.WZOOO).

Bnohirf;bieic etn atlbdinsd &b hdbad blalsﬁ)c?dw r @elafit eHfftdatiation in vitro.
tures of the invention, which are, for

ertai e
g\faérglf’V’C{‘ e%&:@?%‘é@ in the context of separate
enmbodisrent §. e e n n i
single enboofl ’@ngercgg%}?agv%o%%% F reoél%%? ZZ?’h@ooz)’
i]?hmmﬁeede,rs supponlpr(aibﬁgedfmrdlﬂﬁafrexvadte}d grd@sgcof methd Mnéh&@1l masses

| b 30
(E S’ﬁ@’&’néc %{Pé‘(?]gfi &%EPWCE@M%P? ?esgubgon‘oi nati on.
V\D 20@4/ OS'tﬁékﬁSd?lerAl &a&gﬁé &ﬁoﬂ Shapird Sk W’«g&lttzh\%A Swiergiel

i nventi on has been describ I n’conjunctfon W t
dhadnrshall Véntouisnit €998k rl:bnilﬁryomlt stesn ewll dinag dtﬂmﬁd fmmyhuman

SRR e B0 St bRty LT Sblpe ! b,
is i nt99nde@h(§rﬁscﬁ1nm,al§§hsﬁhlan J, Golos TG, Durning M, Harris CP, Hearn
JP. (1996). Pluripotent cell lines derived from common marmoset (Callithrix jacchus)
blastocysts. Biol Reprod 55: 254-9.

10. Thomson JA, Kalishrnan J, Golos TG, Durning M, Harris CP, Becker
RA, Hearn JP. (1995). Isolation of a primate embryonic stem cell line. Proc Natl Acad
Sci USA 92: 7844-3.



such alternatives, nodifications and variations that
fall within the spirit and broad 5 scope of the
w@ppensisa cl ai ns. Al l publications, patents anePCPHL2008/000804
applications mnentioned in this sp gification are
herein incorporated in their #Antirety by reference
into the specification, to the sane extent as if each
i M AA AEM@Q@&H on, patent or patent application
was specifically and individually indicated to be
i ncorporated herein by reference. In addition,
ci tatilon orAicdi mlltﬁireccaimmmg‘ hanyn ferégkie oelds, isnidt lirsanl foreskin

I icatio a nat be const ru d.as an SSi Ol
5 Bl b IS 4R 25 A BAISSERD e when
Rfoﬁ‘cﬁﬁtﬂ&d‘ HMeRtthon. WO 2004/ 031343 PCT/1L2003/ 000804
30 REFERENCES ClI TED (Additi onal ref erences are cited
|nthetext) 1L.GAMt M Carpenter MK, | nokuma Ms, Chiu

Sv (hooy T esthi e uat i e Ry R SRR s ar

belb bPREmIfR MndhéLIBlekin BOtaNeMnAgd proliferative
ential for prolonged periods of culture. Dev.

Biol.. ,?27: 271-8. 2 Amit M and Itskovr tz- El dor J.
(2002) Der vatr ont ane rentijatio
human 2mbr yigh “g‘%“é f?l Xﬁ\gﬁen?% sggkcel arE\})Zﬁ:glbryomc

Mhigidauf man M, (1981) Est abl i shnent in cuI ture of
pluripotential cells fromnouse enbryos. Nature 292:
154-6. 4. Martin GR (1981). Isolation of a

pl uri ppt ent (A
cul t urLgd [ nﬂ%egélhr%{l@%ﬁdg t?lﬂ‘%ﬁlg& XNhe?g’ér a? c?ﬁg?rg Iél?/ggﬂs st %ﬁnh“ma“
celdis. Proc Natl Acad Sci USA 78 7634-8. 5. MIIs AA

and Bradley A (2001). From nouse to man: generating
nmegabase chrormsorre rearrangenents. Trends Cenet. 17:

331-9.5 6. oJquE%E(?f drghf Q@eréﬁ @ﬁd%ﬁll%ﬁ%&%ﬁ&ué&s a culture

Bongso A ( yoni c em ce I'nes
hnarhnmbhaadimeyssmm argidoraseiuin thipldcement i ation in vitro.
Nat. Biotechnol. 18: 399-404. 7. Richards M Fong CY,
Chan WK, Wong PC, Bongso A. (2002). Human feeders

supporg_ pr ofigngeg (Mﬁgllef bELERL &t @ﬂe&fno‘ﬁﬁﬁ é%frulﬂuﬁaﬁrowded at a

i nner cell masses and enbryoni’c stem cel
Biontetahioh of 20€as®3856. 8. Thonson JA, Itskow tz El dor
J, Shapiro SS, Waknitz MA, Swi ergi el

7. The cell culture of claim 5, wherein said serum replacement is

provided at a concentration of at least 15 %.
8. The cell culture of claim 5, wherein said serum is human serum.

9. The cell culture of claim 5, wherein said serum is provided at a

concentration of 20 %.

10.  The cell culture of claim 5, wherein said serum replacement is

provided at a concentration of 30 %.



JJ, Marshall VS, Jones JM (1998). Enbryonic stem cel

lines derived from human bl astocysts. Science 282:
waiehgoFisperratumin Sci ence 1998; 282: 1827]. 9. pANuze@s 00804

JA, Kalishman J, Golos TG Durning M Harris CP, Hearn

JP. (1996). Pluripotent cell 3ines derived from comon

marnoset (Callithrix jacchus) blastocysts. Biol )

Repr od155; #pgnethod 1¢f. mpidpng siam kells Shnwm undiffspryinted state

[ : ri : .
gy B8 % Mo Pl nEens SR b Yor R Pdir et
line. Proc Natl Acad Sci USA 92: 7844-8. WO
2004/ 031342%PCT/ L%O 3/ 000804 31 V(\glAT IS CLALIMED | S:
1. A dét1 diernrteod shpeiailhgWhersansaio hespy forggyin doeder cell line
81?1)1@ Qjéggg: foreskin cells being capable of
na nPai nihg stemcells in an undifferentiated state

when (g)o- culsblatigd foregde velishfrord foréklen ¢iedue; cul t ure of
wher ei n sai eskin cells are

| ai : 1 f .
Ea‘é‘gﬂkb of Uil Sl ?wg%ﬁlsi B ensuitwr) medivr e.
3 fhe cell iflldiblf Seftim CrdldF dorui R Rl Aoy

cells are of enbryonic origin. ce cul ture of
cl ai m 3, whprepanngsdidhsmanfaedkisfeade ool linaman  ori gin
5. The cell culture of claim1, wherein said cel
culture includes a culture nediumincluding serum

and/ or3ser Urie! RRIHAE TeNAim 81, WhEreGebdid Gidrh Wells Qfe ©F @hdBryonic
5, wherein said serumis provided at a concentration

ofrigat. | east 10 % 7. The cell culture of claimb5,
wherein said serumreplacenent is provided at a
concentration of at least 15 % 8. The cell culture of

clai mi, WiEHegh&thé@billgied UMiterdlh BEA sk 4lls a% offifnan origin.
cell culture of claim5, wherein said serumis

provided at a concentration of 20 % 10. The cell

orovi daa et nEhd of PERE 12, FRL° G 98, §FEH TS hfafhed from
RGT-30.2803d A8 dlividual.

16.  The method of claim 12, wherein step (a) is effected by:
1) mincing said foreskin tissue; and
(1)  dissociating said foreskin tissue resultant from step (i)

into single cells.

17.  The method of claim 16, wherein step (ii) is effected via treatment with

trypsin.

18. The method of claim 12, wherein said serum and/or said serum

replacement are provided at a concentration of at least 10 %.
19.  The method of claim 12, wherein said serum is human serum.

20. The method of claim 12, wherein said serum and/or said serum

replacement are provided at a concentration of 15 %.



32 11. A method of maintaining stemcells in an
undi fferentiated state conprising co-culturing the
we@aseid s with a human foreskin feeder cell PCHBEL2003200804
The nethod of claim 11, wherein said human foreskin
f eeder ceI I I ine is prepared3by: (a) isolati , g
foresﬁg fromforesklntlssue (b) cul turing
res

sai d 10‘@%1%3?9?1@5&’13 ture nedi um including

ser um(,?nd/ @femc,@éngn&r[@pl acenent ther eby preparing said
human foreskin feeder cell line. 13. The method of

cl ai m(11)1 Wheraeifareskindcedls eapabdd bE neimainingesaid wtemi ¢
origin. 11, wherein said stem

cells are 8Fﬂ-snl3r?élnt“§%?edf’ﬂla%e(€%gpeThe net hod of claim

12, wherein said foreskin tissue is obtained from an
- 8- 30 day old male individual. 16. The nmethod of claim
12, wRer ei hstcel cpliyrej of ciimedl, achepyim saidisjenicelts arg of ainbiryonic
f or Skl n tissue; and (ii) dissociating said foreskin .
t|§sue resultant fromstep (i) into single cells. 17.
The nmethod of claim 16, wherein step (ii) is effected
via treatment with_ trypsin. 18. The nethod of claim

12, wheér ei hsagell eulmemos sipimr 2k aleereiar s sieaprelisenrgrefl human

%gnorow ded at a concentration of at l[east 10 % 19.
et hod of claim 12, wherein said serumis human
serum 20. The nethod of claim 12, wherein said serum

and/ or. sai d_se repl acenent are provi ded at
concenrfr at ﬂgﬁ C&kjl qutug) pos\@l 513 said human foreskm cells are

5?4 égpﬁ%ﬁ%%%no-iﬂ% S’lahécé‘lﬁ&Pm‘Eé“ ture conprising:
stem cel I's; uman foreskin cells capable
of maintaining said stem cells in an undifferentiated
f. cl 21,
2: Z:negél | s Tgl.e egf cg]ﬁ.%gl nfr;lgm? ZIC \' errrém Sai ceﬁ eéurlltu?eallncludes a

culture medium including serum replacement and/or human serum.

26.  The cell culture of claim 25, wherein said serum replacement and/or

said human serum are provided at a concentration of at least 10 %.

27.  The cell culture of claim 25, wherein said serum replacement and/or

said human serum are provided at a concentration of 15 %.

28. The cell culture of claim 21, wherein said human foreskin cells of said
cell culture maintain said stem cells in an undifferentiated, proliferative state through

at least 100 passages.

29. A composition suitable for maintaining stem cells in an
undifferentiated state, the composition comprising human foreskin cell conditioned

medium.

30.  The composition of claim 29, further including a factor selected from

the group consisting of a growth factor, an anti oxidant and an amino acid.



origin. 23. The cell culture of claim?21, wherein said

stemcells are of human origin 24. The cell culture
w@Rooghzusms 21, wherein said human foreskin cel | BCHIZ2003/000804

capable of form ng a nono-layer in the cell culture.

25. The cell culture of clais#21, wherein said cel

culture includes a culture nediumjncluding serum |
r epl adbment® madee of pradkping arogpditioped medupssyitaplg fofpgintaining

of cl.ai %ﬁg i ' &hgﬁ it and/ or

§t§¥noc eﬁ% @a%?%%rl urrl{egérl%e%?%%i %gé aé&g C n%ﬁ ration of at

| east (200 %Yculfifing Tianaefdredkitl teliseinod gedvathnmadinmwhedeeiconditions
said serun1ne%k§§enent,an /or _said hupgmn serum are

provi ded afuilbleiQE Brpdpging die ondiigned megiumyad cq) |

cul tupg of -Gl alify 2hid WRRHE! Medithd 1) WBGY Pr&fikh 'he Udnditioned
of Salt@ cgf1 &g%%é}de mal ﬁtlgie% sait d st err}{ %gl I's in an HHone
undi f f er entiedivegsuitable fof natdiviagsteat eelishn ow ghdiffetentiated state.

| east 100 passages. 29. A conposition suitable for

mai ntaining stemcells in an wundifferentiated state,

the P@EPOS'(}%% RIS L1990 91 NpRE: heRu@siidlidaBhg the ability of said
condi tioned nedium 30. The conposition of claim 29, .
fcunditiened mediunhi tognainfacsant steml cells garf wadifferentatgd siage following

consj st i of a.growh factor, a nt j._.oxi dant _an

PGP eSS (e S bl B0 et 330aed Tem the

g&ﬁpgo&ﬁsﬂgomﬁiommog@owwm@y WISk taaldl @irfa0s marker
Intaining stemcells in an undifferentiated state,

tanelysret hod conprising: (a) culturing human foreskin

cells in a growth nmedi umunder conditions suitable

for producing the conditioned nedium and (b)

collecting said growmh nmediumto thereby produce the

condi tioned nediumsuitable for maintaining stem

cells in an undifferentiated state. 32. The nethod of

claim 31, further includes validating the ability of

said conditioned nediumto maintain said stemcells in

an undifferentiated state followng step (b), whereas

validating is effected by a differentiati on assay

selected fromthe group consisting of norphol ogy

anal ysi s, karyotype anal ysis and surface marker

anal ysi s.



