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MEDI A FOR CULTURI NG STEM CELLS FI ELD AND BACKGROUND OF
THE | NVENTI ON The present invention relates to culture
wore@i7m2636&| | cul tures and nethods of cul t uri ngPGL/EIR006/000998

cells such as under defined and xeno-free culturing

condi tions. Human Enbryonic stemcells (hESCs) were

traditionally cultured and derived using the

conventional methods enpl oyed for nouse ESCs, i.e., in

the presence \afings Wit BOISHPRINGSTER CEryR fetal

bovi ne serum (FBS) and feeder-|ayers consisting of

i nacti vated nouse enbryoni c fibrobl asts (MEFS)

(Thonson et al, 1998). However, for use in cell-based

t herapy, hESC cul tures should be well-defined and
FIEEDANDESA CKOR QUNEYOF 1K mvamnbmal contanminant) in

terns of culture conponents. recent yea

ext dhsi pesanh yentigmiqlaas Tm%ltllrﬁﬁﬁ‘%ﬂ}%r&? I gitugas) andrgethods of

es:

cuf B cRls Fes yllAs LS BRLLCIR AR CMIRRAHAN

( AmiHuren Eh},br@(lﬂétem realln {1 50sS evend tradidomadlyl aulturedamd derived

undifferentiated state on a trig Egﬂr) matrix wth
usipigho e Revention s BB rRlaYSihicr P uBe booih) the repengreot a

%ﬁﬁrp P@b&'@ﬁ%d PR a@%%ﬁ@? \ gﬁgsgbinﬁ%éier@%‘&st con31st1ng of

tu chard

e eplt el Tum et al
1naio<lmve13&|mmfse lendiny ¢ $ibfoktasts @ﬂEﬁis) (Tho0Bon Idbabt1938)et Haw,evel‘,

g AP REdReRt: TG ot bl b whTRatRed &id g troe

(1.6 0UERiD D f GAFRANREA LdniahA AR iﬂTﬂerg Qflcauedongroness. Theecent
hESCs to ani mal pat hogens, the batch-specific

yeorsy ieatensifeg inaptigdtionc inte Hepegerang tthe spltpigesystemsyfor, hE$Cs has

YIélg?(% %eh ?ollo%régigd%ntcg 9 UEHQ aPir“ﬂéfz £ fg?(?\gfecrellls ) esrertt?ﬁ-zl%g conditions

ure syst are xeno-

(Ashitnet t 2N 2008); ghaintchande bdtthe foeHsldn meldndifﬁjﬁft&tealn gtate on a
hES which |imts the potential of, |Iarge-scal

Melgieel iREfrigrWIHESES o MEEwoaditiop mfleng ¥ sfal 12008k a5 the
uségf lgﬁ%eé?rﬁlnltﬂeaa eg%bé?&ﬁg Ik SHR, 't ! i g{% eplthehum (Richards

us Cannot acc epeat ed
et dli2002) dr fdreském Cibsobibastsn@enitteh el \2A0B DHsvzhttm@isalpiOOC%) as feeder

f eed cells over suc .Ji t at.i ons t enpts .
1465y o IBBERCTnattle dis 1 NG HSGRLIoRH! PLQHE! of 8 HpTge matix
(mlwht wxﬁalﬁy%b ggnéﬂ@/ Both RhinG® rbeui)l 1% &xpBsd e hB8CCto animal

2005, 23:31 devel oped a

padeﬁm, éhQWclespebefge‘car@ﬁoes way effget tb@ qyalitsiiof ithe eienrgy On the

S nt ed-wit h ser,um t
o5 et ASRRIsF TR selor SRR bR UG 1 befhee, they
reqie macblmume@ﬁs bleevtirlof -b3tH fegaadediiolaybie a@dMESG% which limits
medi um_ However, under these conditions, the

the petentid nfdage peade eRkwing ohhB3Cy. hMopegsr. galiurersystensdasgd on
feé\cﬁzg g&gstﬁr Shdit OWE%MEA%% ?E%eﬁ @?ﬁné&oﬁﬁrtﬁﬁgwfrﬁ[) gﬁrately

ture er c uring systen1 ase
repdated dyelté differemies batwand the vmdumhna;lm‘ pﬁé@iafend:llsd with

ot ot B Rerpapesch BRiREus: fierapts dexg Podade o A hESCs in
felliel] fl% @xteb thtﬁi@ s?gte Q de@&?f%f %Bhduﬁﬁe@ilnedl@lgp SXu I@/at et al. (Stem

However, since both of th
Cd&»sl’@ﬂﬁe 23 Jéll §—26)1d¢miqpegel duitmye arstem based on a Matrigel ™ matrlx and
a medium supplemented with serum replacement™ (SR), basic fibroblast growth

factor (bFGF), with or without the addition of the FIt-3 ligand to the culture medium.

However, under these conditions, the background differentiation of the ESCs was 20

or 28 %, respectively, which is higher than observed for hESCs when cultured on
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culturing matrix, their use for cell-based therapy is
limted. To avoid ani mal contam nants, the present

WO pooen2ass have previously devel oped a cul t ur ePGI/HL2000/000998
based on a fibronectin matrix and a nmedi um
supplenented with 20 % SR, transformng growth factor
bl (TGp 1) and bFG- (Amt gt al, 2004). Under these
conditions, the cells maintained hESC features for

MER! e Ahthes3 2uhassaosstemA bassd heMatigd ' f owmatricts anéf4 rraefdium

culture condltlons for hESCs cul ture was rece
Byl HRgeiaom auggrmiyt i Ry Wﬁmgm%o%fj’tems
(Blﬁﬂ’gjg ré’s%l'l n?a'”ﬂ%El\E%rBu&PHﬁfe?én@ign@ﬁ of ¢ o6 OXRIRIAL k1041, 2005, Nat
n co agen ) bronectin, |am nin and

Methddsoﬁetﬁﬁ-woan d{mwavedlsmcﬂ buﬁmfethmﬂﬁeltemStrﬂyrﬂ@rMﬁt@é]r urfs 2
al bum n, .bF h condi {.i nakl.e

culigbt, T, B B o PR oo el fro B ToCHvdidi Smimal

cohtBRHRkhts, ﬁié%reieh?ﬁw@ﬁtbféﬂa@e @mwbdslyomelopbm ealtyre h‘fﬁ@a based
cultured in these conditions exhibi ed 02@3/ R

onj zn §ibedsiettin ynatix tapd acmeldgm éup%w%e et ngﬁ’r %ad‘é qupping
cul t

exgild 156 P QHOTE DT ol s b 008} YBRe ek cphgus, the

celPHalifaifbd GERUI RuRKSE o |nid1*é it 30 Pasageac oduttherestep towards
which was initially normal, converted to t

ri so
deoedicdir can@ltlvnmﬁmh%s%f cubyre was mepentty gehieved bY Ludwig and

oV nis £
o FURIET M M o8 s
hutHag Waliagsh I\ Gﬁt@mtlhj Jamiinin ahd eitenectid ascby gredium supplemented

intracel lular transduction pat n. hESC..r.enewal
witin dlumnnsgn@n albugyiny SFSF,aad sl g}\é\@ent 1{('3],‘1 Blllﬂl{l?rhse enabled the

i i
coRUGIOAS &aioxtzdsx&t hlh&Cé/\btﬂnprad limetirese scanditiony @ethlbﬂteﬁ EQ@mosomal
self-ren

instakility@ Waﬁ‘lﬁ é@l}qgﬁ grgllg%l ?ﬁ% np%gt e 06 gx ,gfne of the

isélﬁteg %h?c‘ R WalR 5&&%'1&%0’# AdkaPRtpise dMERKONARS4 @OSths of
e Wit sign ng pat hwa %gl n mai ntai ni ng hES
cohtintansesul{udiagesnd @ secqnd tine, whighsyas pally pesEgal §Of’é’P€ed to

E5RRA20 S 4 ol PR HEL, SRR Rt
frodikedb-frse BARRTheQYstehs 08HHBCE are Haghlf Gb@ikd. bFGF and/ or

LTF to a cul ture medi um which incl udes serum or seru 1 )
r epI Reasntstudiasndisenssed die ppwdﬂ%evﬁslm@?ﬁtbsﬁ“ §rreel ipiegellular

olvesm t vt "id but
YOS BT RS P SRR b . o
thb ESSeHaRRRE hd@Ening NUBSIC rself-raainiendridei mostllbhlmehmlat\/PsSato and

el 8 NG, O B B P0%R) Bl d B s

G ARG o Ut Fﬁt&%ebmr th
Seiio PR 8 y&cﬂﬁth&%tg ‘91\%,{1‘5% eeder 1 ayers provid B pathway
plafiad cluelak edte én eellfand daéﬂmﬁﬁﬁin@rnd(ﬂoldé)1ntescoadetr§m>ns wﬂlhhbe Wnt

cul ture nedium However, accunul at dat a re ?ﬂ 9 11
sipiios RAtlyes in cpintaine RESC sareseld B&hafé @5 ese
re?llﬁ% %Ogér%{s?é%ﬁ'a ?Feo ggé?lgﬁ%r— eat!ultm]eg ﬁi%tho'aeb’@g@ﬁéd @y the
present inventors (Amit et al, 2004), which is based on the addition of TGFp, bFGF
and/or LIF to a culture medium which includes serum or serum replacement. In

addition, the mechanism by which bFGF involves in hESC’ self-maintenance has yet

to be proven. Another candidate for the role of maintaining hESC properties is



10

15 -

20

25

30

activation of key proteins of the LIF cellular
pat hway, such as signal transducer and activator of

wao e@nsza3spti on 3 (STAT3) was found to be weak PCT/HZO@M00998
in hESCs (Daheron et al, 2004; Hunphrey et al, 2004;
Sato et al, 2004). The gpl 30 receptor, which is
activated by |igands such LIF, interleukin 6 (IL-6)
and a chinera made of IL-6 and its soluble IL6

NokSmePt ikHibitor! bO/thd BMDE BFralinghetaldy €KuakH. 1893),,2005).
was shown to positively affect the nouse ESCs

Hoyesiver, rtai date it dlogsain isTATE ay Nogginsanalog were dognd jg MAEF-

Smth -et al, 1988). In hematopoietic
co%c{lté?ﬁéd éa? the I L6RIL6 ch| mera exhi bited a nmuch

hi g McsusafHS(l%l day bk @ontinuvaslygmltdfdarithous feeflaulagiers praeded that

nore potent in incr |ng olife atl of ogeni
e hlon it Bt el to i bt gy [ ghhever,
ac&fl.ﬁl‘g%?{g g 2 Te %{%Hln%t h]%Cs 1982k tHab 1k Ehagtﬂbeéffgtﬁrk% pidienting

a 1 nduced difterentiati on of ESC der| ved
hESCi gnffeeemtauom(ahpms@u ek ak,51998h Raybizof etedl, 2000). 2dpaddition,

Ne 8 98 |
ol ADR 4 gh I 1onS of G et i) ndiE A b e and
acGiHi O bR tafisEphaR| 3 (STATYP Rk tfofgd AB UseweSC oe uibbeitti iInghESCs
and derivation. On the other hand, Daheron et

al
(Delgou pt sl 304 Hwmphray ehakig0bnate praly 280 Hhe p130 receptor,
nal
AR b0, R AR, BB o o
L Ql}l(f a sb{L%IbSIIfECm:bIﬁ?r (tthe HIEEKH,6 &fsturhmérsacsﬂliéba& atrekb] 97).owas
mai nt ai n e ur oten 0
shewnpeyialy afteckthbmmos Biha st hitinmanes vy § (Wifiams o
ald@'% érﬁ%' at (ﬂe\’fl?ﬁif‘(s - Siplch el 59‘885) NBAh&HAEHGERE BieRD cells the

rs of t amly cytoki nes such as LIF
IL6RIIG cinmrac@mmlwd aahuﬂhlaglwl aﬁﬁme/ for heman gp i bancavvas found to

I L-6 r-1L- oncl u t n
begRof 3t BWES-E PRI EReL PRge el h fep dRn e S -6
and 48 sollublel BLECHECERBE (RolRst e Rl 89991 1aDni the Gilidrrtagt, the IL6RIL6

mouse ESCs whi ch can be nmaintained in the

chimelifihdwesdt differsatiation ef EACrdraivpr edigadandstcyte pregaiserss(Zhang
f th t
S 09, 0 R M 000 P U SRET, Mahel.
¢! 9I9zt)fcwh&mtstéacted ﬂ’gat ;ﬂﬁe ILfﬁRIgES‘aﬁiméE’ales eap.«ﬁ:]et dnﬁmppomn@ehguse ESC
recogni zed nee or an e I
culigtio8 Pag SR na e, 13 ciber W, ebron et (A showed that
f
P et o R E BBl ShAR fo1 e kidileRil i EICRRd tha
hESC
hussMVERYcFindbite STNYE evlatich tiacleareraasioeationoin hESCs,
T AT, S LB G A S i
R peéi lﬁkﬁ e e
H&%ﬁ{.x%& Mot GRT (21064 fdu‘ﬁﬁ AR ESE d@Pellp‘?d@fdlﬁ‘@ﬂeﬂﬁétb R Sll€Rd in a

inan un ferentiate ate. According to
mechotrh&mtaﬁmg anemlﬁeri; o€ ther Hs€ familywé eyiobines lyechead BIF, IL-6 or a

Bt pEthscafibls TEHreeoetnr O ALrfe G el Cob it R tha
Cglgéﬂb{léeeg Pi&8fsEndy &F RRAPESESIS mTllﬁ&eﬂeh@@tafIﬂus it is

mai ht al i ng
currently accepted that in contrast to mouse ESCs which can be maintained in the

undifferentiated state in the presence of activators of the gp130 receptor, culturing of
human ESCs in the presence of LIF, IL6 or the hyper-IL-6 results in differentiation of
the hESCs.
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said stemcells in an undifferentiated state.
According to yet another aspect of the present
WO pwened3en there is provided a nethod of expanpdTL2a06d)00998
mai ntaining stemcells in an undifferentiated state,
the nethod conprising culturing the stemcells in a
cul ture nedi um bei ng ser umf4r ee, xeno-free,
feeder-free and protein carrier-free and capabl e of
mai Nflekd 8 gthiub €a SHRI1 f&béo%nizﬁd afecdn @i f faHent mafukdl be highly
state, thereby expandi ng and nmai nt ai n| the stem
adyantpgeoup tg h@vq, rfaflefinedle Kenoafreqi medinme suifble fayi Mgntaging stable,
r t Jghere is
Sy BRR A ARG 15O O BB RE by Bl TECT
line, the rret hod conprising: (a) obtaining an
.o a pre-inplantation stage
Nt ati on stage bl ast ocyst and/ or

a geﬂééo?clhn 't§ %‘ﬂ@ a@ ecd off QﬁéjﬁreséﬁQH(ngﬁmﬁL{h&H ik BRovidddda culture

enbryoni c Stem cel in a culture nmedi um being
medinmnbeing aerumemtf-, fenefiee, efed@ﬁﬂaeemdemdtem @rigrree and capable

arrier-free a ab alnlng sai d enbryonic
°§?%ﬂ¥%%ﬁgs¢??c %P?*% %ﬁ?zgq%% At ate; thereby

der i NedogdihB Qo QABIMYEO Répecéfetie GRédent indentiCtefedisNFotidedA cell

addi ti onal aspect of the present i nvention there is

cubipesy Peraprigingret peer edll gachar euliuse mediwngeaid palinrg mediam being
seh iR RS SEUBEREE b prohclf R SRTRBR 6 mifiining
salipdterg cSl&fimm‘meﬂ;fferemmtédme. f eeder-free and pr ot ein
carrier-free and capabl e of intaining the oni c,
st enék%cénrqhgg o) Yah aBihe RS e @aesgmawgentt% Bri gypovided a
mO&BbA ¥ é?gﬁﬁ&l %danduﬂlghftaﬁﬁihg Nid iRt &Hs SAPLY QRiSfeh83%ed state, the
cells; (b) subjecting sald expanded, undifferentiated
meﬂlbd wompcisi@gecmlt@ahg sth«*e ctegu b@llsr inng culbwrdi neding bring abiug-free,

xepditreds SrieeBk Ao @i REtEARS P SaptlCBE Fri Rl fre stem
cells @imah hﬁd&ﬂawnﬁmucsta%é ,QRR1618} Efpandiag Ahd intEnthidintethe 3fem cells in

addi ti onal {)ect of the present Invention there is
thp padiffgentiatedstabtod of generating enbryoid bodies from

e rX@c%'r&ng k& ghff Pau)ﬁﬁer Lgﬁggﬂﬁt ljﬂg %Fe%gﬁg)lﬁk/gﬂtﬁg N thél%)lﬁg Cf)v1ded a

cul t yoni cstem cel in a cu

méthod gf dﬁl\ﬁﬂé aie embrwnb: sterneell tiae,dhe nietled cangrising! @) Obtaining
caryier-free and capabl e of majntaining the enbryonic
ans?re\[a&yeéw e pe nfr‘BFﬁoq P¥ee‘|“§3r¥il}t?§t(@d5t§$eablé5t°%§tat M@Pga@/lantaﬂon

stapat lﬁéﬁoﬁﬁg%)&ds Hﬁélftisgﬁeeaf hg‘étﬁg ﬁﬁogbz QRtrisd §U embryonic

cel jecting said expand
stem d:ﬁﬂ finraeclivae eakbdéurh rbeony sratdinec elbﬂlc&fl'e@ feedetrtfreienand protein

con t|o swt ble_ for . differentjati sai d enbr nLc
A Cel 10 (GOMIBr P6i RAUBHORE. Titer SBYIGRerIAR ngdl hist e

ur@R YRt dstb felcb P Ak Ni8g Iﬁfétéﬁﬂ&?dnﬁc SleBeeBqldes -

According to still an addi tional aspect of the present
i nvehedonfing ke e aflditipnalvisprst ofthegressdt wivenjinmetbate in g)rov1ded a

méth??? g%en rgt(l:lllgi 1%1%&%@ slg%n%% |c%:n]l!]$ F;ﬁa%/ 2] r%rgﬁ%re gﬁleclgh& tthrnethod
coﬁr@iris&gt )] a:uﬁuﬂlﬁglﬂﬁ sty it BRINEElls in a culture medium being serum-

free, xeno-free, feeder-free and protein carrier-free and capable of maintaining the

embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells; (b) subjecting said expanded, undifferentiated

embryonic stem cells to culturing conditions suitable for differentiating and/or
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serumfree, xeno-free, feeder-free and protein

carrier-free and capabl e of nmaintaining the enbryonic
wee@maeskd s in an undifferentiated state, to tPEr/E2Y06/000998

obt ai n expanded, undifferentiated enbryonic stem

cells; (b) subjecting said expanded, undifferentiated

embryoni c stemcells to culfuring conditions suitable

for differentiating said expanded, undifferentiated
exSAMRIINEOIM eGSR TeRel 1S th&eBﬁ@éﬁé@dtﬂlgbﬂdli@&ge@pébiﬁ@hells_from the

subj ecting cells of said enbryoid bodies to culturing
emboytii¢ stomselsii t abl e for differentiating and/ or

exp %Fc%b{bgn fgggeg?xf a(f(ﬂﬁ&llna]fl éﬁqfegﬁl)ii t??, Bkg'ﬁ'% %Rbénﬁﬁ{‘ﬁ{e?et ilk Bﬂ)vided

t he ‘I'nea IC ce rom ryonic stem
a fethod. ofAg@eratinggerhlaryaidf bodiere froas pmbtyonic stem pelbss dimt method
i nventi %S there | s provi ded a cgl ture medi um. .
CORBFIBINES {2 GUAIREHYe CQWr g StRRR 4585 iy QRSP NHUT8 Dp i, serum-
fre%,e F(&{B-frg@,l RERNERE B1a0pifh Shiich ek 480, caphiE f MndiM@ining the

ul'ture mediumis capable of maintaining stemcells in
endmyomdli sténe reetis | it enl wndifferentiged rsthithgtor theyelty abtain enpanded,

ect. of th resent invention.thare i ovided a
unRESraf, SRS Sy SO eRdelD ampesihg) pific Rpanded
undBfréifatedial ghisiybhidr Steiedbslly coMuulteting Sonddidnsi seitablen for

~and being devord of serum serumreplacenent and .
differentéatingcaids ¢rabryonjseitesn selsafoderabiyeidr kodigse thergbysgenerating the

he .o i L Alng: sai mcell in an
enb%@ﬁﬁ §?§%P¥§V@%%@@5?892§§§f%?§g to still a further
aspetdcoffing he gillearnidditivrantaspaet tdfethe presqmt duvelednathere is
net hod of expandi ng apd nai nt aj ni temcells in an
proividsd # @peiiod ohizsherating Bneagrspsriti 6%%@%% Fﬁﬂ&}ﬁ)&w stem cells, the
gl R S A el BV BLTR b
segm-firwe . eqob denfoeterafiet grdopretem cariei-teq ahéapablglof ymasntaining

medi.um i.s capah| e. of naintai ni the stemcel l,s .in_an
G SN AERLP Rl ot 2 anaiBalid @) FERES Potaih bxBinded.
undBFdR e afd G By 6nis tseiih 6Ells; $b) subjdeang B4ld fekparrind | @deferentiated
state. According to still a further aspect of the )
engrpemint stemy 6plls dp eWEring sopdibony shitzblesion odiffsrentiating said
riwi onj [ LN t .
xpidst; PuBRAERIAC RS S8 ey IR Bifles and
suBjeptify | d¥flh asit ahidoenbiyage blddisd aeyailturipgstordipdmntatabin for
.stage bl astocyst and/or a gen%;al tissue of a fetﬁs:
diffprgniiainecand{on exprpding lineast PRASHIcceUp:dherely peneratipg the lineage-
[ IGh iges a TGFb i sof orm and
P ééllhﬁgél e@%ﬁ%@?ﬁl&%&gﬁgéﬁﬁ repl acenent and protein
car rAeordisgitd ac Gilrther exspeed i afnthe prewpafdvenoén tiaratinipnovided a

t he enbryonic stem cel i.n an undjfferentiat tate,
CUltHEsy gﬁgl%% ﬁ'ompﬁlgmghé 1;4%@@ &éﬁ%&rng ' @@ﬂ%ﬁﬁﬂ serum, Serum
repGC@hdt 38d Pﬂ)téiﬁ lchdrieR \I/l’lgré'ﬂgﬁe aﬁﬁﬁiﬁlggﬁl{ﬁ ﬁ%agﬁtﬁé §'aintaining

t ed a nethod o

nvention there 1's provi gener at I ng
stémh nelbja-aapadifferentiatdd staté.r om enbryonic stemcells, the

met hod ¢ rising. (a) cultugi t he enb ' t .
ol 1KCoRBEE ool Buciih oSl (oA et eBied thesegs Brovided a

ceilsajlﬁﬁé'nc@[ﬁ%ri ;k;neg SHeY Qefl Afd sehuite SRGHM," SRl ARRIRNnedium
and protei

comprising a TGFB isoform and being devoid of serum, serum replacement and

protein carrier, wherein said culture medium is capable of maintaining said stem cell

in an undifferentiated state.
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carrier, said culture nmediumis capable of maintaining
the enbryonic stemcells in an undifferentiated state,

wo eoovlsiseby obt ai n expanded, undifferentiated PODIN2O0H/ 0998
stemcells; and (b) subjecting said expanded,
undi fferenti ated enbryonic stemcells to culturing
conditions suitable for difgerentiating and/ or
expandi ng |i neage specific cells; thereby generating
t he Acovedigg is plt affutharelspect bf trma prhgene moepoon thesd smprovided a
cells.. According.to stil.l a further. aspect..of fhe

mefiod S pAvRE O Prbianing et ellodn S BRdigRreaRaed state, the

m&B6€ rc@fn?ﬁging ths tRodéf Tells naaiiRikonkiuit KREStdnsprises a
the method conmprising: (a) culturing the enbryonic

TGF R msofwin snd eisg destdidiosenmpui wromépdiceosnpandspotedn Fa@Fbr, said

i sof orm and bei evai d. of serum serum repl.acenent
e BERE FF ERRb et mapisg e R sel i ShedEaBRa g et
thBRbP MR dnll Sn SABMYYHHE sehEdBIIS B thS unBiffefentiated state.

undi fflerenti ated state, to thereby obtain _expanded,
undi Atcording itastelll adinthey aapast of the iwedentinvapigpn( thpre is provided a

subjecting said expanded [ ff i at .nhr e . .
g4 B boring B EpPrARNTctn st - ofi MoR el & oBtaining
ardehbBOAR! dtehi dell Sehth prbimpdatitationt @apeCBlnbidcyse, uEbiniplattation

bodi es; thereby generating the enbryoi d bodies from )
stageeblasiprypb ARd ok g denitdl | tissucapl d detupgando(by cultyring said redyryonic

t._ of A i t . i .

ST o8 LA DLSRED oL ROFE ey LA e Revoid o
se@iH) yé&liinCreplaRbmert hied piduéin neatrded ssionquitusd AEdivp@)is capable of

culturing the enbryonic stemcells i.n a culture nmedi um
mgjafaiping HieHmyaenig s s dn fip P Eprentialed gtatse thsr by gferiving the
e ﬁfyHﬁ%si%ﬁ{ E&pl acenent and protein carrier, said

cufture nediumis capable of maintaining the enbryonic

st enAcairdling ito stilh aufndhdrfaspen bf dtegutesnaimventian theeristpyovided a

o@})ail} expanded, undiff.gren@i ted e rﬁoni C stem hod
melpfl of gepsratipg fineaseryede $olls FORU EROYQRE TP, St thedgetho
cHNR @) TukRise!ths dnbristid WidndLeAONF! 4 |QAREreS Hieﬁﬁﬁﬁ 8wvhich

for differentiating said expanded, undifferentiate
caamisgoailGFtismonnlahg being davrig of strivmgiesem replacefrent and protein

subj ect i cells of said enbryoid.bodies.to culturi ]
coBit S SHEE Fpadiigf ds Fepblg o PR R i Erabegprg ot dell in an
uﬁﬂgé&l@ﬁ’tjiaﬂ&l kiaRE 39 L FORCHthR &Phhded, LRGHRRNHARAMrHic stem

| neage-specific cells fromthe embryonic stem
cedlel prd (Acedhiehting sapd sxpanded, fndiffhugntiated @mibrdnie tstem cells to

resent i.nvent] there.i.s pravided,a cul ture medi um. .
ol5FRE MomiBioER PR IBF SieRizmhr e EXhebt g, TideY ecific
colletihbidbl Secaiatyl the thedFBisPEafin bl fROMBIR eI HUD senBEediR)

cells in_an undifferentiated state. According to, stil]l
a f ubegradingdp el adhrthereaspacs ob e prﬁ&ﬁ@hmveﬁtmh&fﬁ@ jsrovided a
[ . [ e
wghEd, A Hefifte, oE8pl SoSRTMGR' bRoR RN EHIYARL nethod
cobpringsi @Y cattutih® Rhé @ntayarie atenwhetleiin s auttueuhtediven which
medi um i s _capabl e of mai ntaining said human enbryonic .
cogpires & CHBsefarm aad being dataid pbépramasesum AgRlageanang angprotein

- : . f the.present i Is h :
o, i A TRy P e R o
uddimmﬁ’(tﬂ yiate, ﬁo 3&@&y061bthi$1 é}dﬁ)aﬁ?bdu Iﬁdﬂi&“ﬂ‘e&lﬁﬁﬁtﬁﬂadrﬁdyonic stem

tate, the nmethod conprising culturing the human
ceilﬁ;oﬁ%ﬁb)c Sgkg%‘,ﬂng said r(E}Epanded,gundifferentiatgd embryonrlrcI:a stem cells to
culturing conditions suitable for differentiating said embryonic stem cells to embryoid

bodies; thereby generating the embryoid bodies from the embryonic stem cells.
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cells in a culture nmedi um whi ch conprises an |L6RIL6

chinmera, said culture nediumis capabl e of naintaining
W0 b@7l2aseh enbryonic stemcells in an undiffereet/20&d00998

state, thereby expandi ng and mai ntaining the enbryonic .

stemcells in the undifferentiated state. According to

still a further aspect of the present invention there

is provided a nethod of deriving a human enbryonic

st en\ekrding b&till & ertinee tabeadt 60 ther prédenpinveatiorvibb R B ipAgvided a
human enbryonic stemcell froma pre-inplantation

methgd of |penapigng Hpcaggsecifienselin fram %b%agestmlacﬁléc%tmethod
o 4Rkl W Pid o} 450 A CBlf il i
contyirisbs £ WEGPFPiisefsrnannd béimp H6void bfiesram, semud replhwmat and proteln

medi um,i s capahbl e of nmaj ntaining the human enbryoni
cagltl%rn%% eplgure mpedpiny osapalle ok inadptaiming the smby vy pigm cells in an

teef %r\éhﬁﬂ? S t@%ef@fﬁéf’éﬂ Cobit 1ﬁﬁ1x‘g§ﬁéledl hﬁ&ff&f&lﬁﬁgw@nﬁrﬁomc stem

er aspect o predent invention there
cells; (ﬂ»b oubjettinig aaidexpadledf ugkffercatiated) eﬂnbry@agest@:p ecll{ focculturing

f t :
oo SHAI oA A R P By G Eer S e L eppryopis tem
celts ¢! E&HfﬁlmdahésrraM{cg But§ eaﬁ{gl o%ﬁ§ oﬁghla bRBlyefd BHiBPIoulturing

said cul'ture mediumis capable mai nt ai'ni ng the
GO@dijmyl@ Auigable forrdféarendiating and/on dxpamémdtneagfespegtfm qglls;tthereby

' aj . ex gbryoni c

e BiE Ly R R R ol 5 B Tl
undi Aé@ﬁ@ﬁg k@btElt a Enittier QBpatt BF &m fr€deins 1rtvent¢¢ﬂ thard i@g)rowded a
condltlons suitable for dlfferentlatlng and/ or

cubtira HAdHED IcPRREEEE e ELARIE-Oc ghimera, rikerepy thgerdiugy medium. is
odp Bt BRSAETR Shbef <l b SR RN AR Bl e
pr esAuctorcﬂing eénstilba ﬂlﬂhl@ﬂl‘@lsp@t pf thei gresbnainventedthefe is prov1ded a
enerati ng enbr bodi fron1enbr oni.c st.em cel
e?lh QTS RO ST A el oy e AT et e o PR padicih, said

fun$ cbfﬁpﬁsﬁg”énquQSmg'dl'ﬂf%%' Whe?&ﬁr@ﬁids@lﬁuﬁ‘@ medlum is
I L6RI L6 chinmera, said culture mediumis capabl

capablatod aintgjning @alérhm;ﬂ@mrrdarmremt@m dodl ipan andlfferentlated state.

B IR T

methbil eef | igpafidihgl exPame@ehinidgdhiihen esibaloallt & YeelisC in an
stemcells to culturing conditions suitable for

unghifferentigied staien aies@ﬁtiwérﬁ@mmrxg elawingdhe dumgnearphryenig stem
B SRy SHRSL e B RS

is aspEbbd oftrhaibtagnipg ’éreémtnammﬂnyd)mm stetegetis uxsalpumhffd&dtlated state
hod of  generatjng |inea ecific cells from. .
thgihy %ﬂ%ﬁ A Baprfadning e %@Pﬁp@&l%ﬂﬁ’ﬁr‘? ells g the wpdifferentiated
stgil turing the enbryonic stemcells in a culture nmedi um
whi ch conprises an I L6RIL6 chinmera, said culture
medi Aieqording &pstill e fotharaspdcabfi thwgpreswt mvbnt)jmnthcresis @mwded a
cells.in.an un fferetlated st at t her obt a
mERpd R RYEPERIPRBY St Goplie ahe FRubR Smpdsine: @
obtMRin@C4 highad AntbrPrRa Reesl cedNGlbrhf £ peir@h@dtion stage blastocyst,

post-implantation stage blastocyst and/or a genital tissue of a fetus; and (b) culturing

said human embryonic stem cell in a culture medium which comprises an IL6RIL6
chimera, said culture medium is capable of maintaining the human embryonic stem

cells in an undifferentiated state, thereby deriving the embryonic stem cell line.
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enbryonic stemcells to culturing conditions suitable
for differentiating said expanded, undifferentiated
weerypaast stemcells to enbryoid bodi es; and BCH/IL2006/000998
subjecting cells of said enbryoid bodies to culturing
conditions suitable for differentiating and/or
expandi ng lineage specific gells; thereby generating
the | i neagespecific cells fromthe enbryonic stem
cel | SccoRig®tolitiiDa figrtHed aibfeet of thatpleRat inveftiof Berleds provided a
enbodi ments_ of the invention ggscribed bel ow, the
methest 9b gpreratingnlipeage-spegilic KeMmHornembRRe semgells, the method

. A 1 i t. r i t N .
cofBEAPRLIEP LI DL ARG PRyl Bt whi
conprises s HOGRILHGHimies0 Said noultdcc mediung it capablel ¢f huintdising the

features in the. descri d preferred di rents .t he
et s crUih Be PR ARG Ao f FED ORER PARed
untéigfbe%ﬂtiakedf Whhi§bnibeatdni e2elld) tahe ‘@@ﬁ?édb?@c@ﬁngg%%iﬁg r&panded,

nmbodi ments thé culture nmedi um conprising IL _
undifferentiatedAcenabropmig tstenst cells figr tqwdiurihg accondiion:n suifeble for

.gescribed eferred embodi men the culture di .
aiftGS R B Bl R TRER TRUR, delF S bt e it I ipenee-
spédific belhshorR il stalriyenis s@m edls| s. According to still

further features I n the described preferred

enbaicpitieg ta il & fedher esprstiphitheqweisnt Bivarfion Beyelis provided a
m&RbI IS @fiatiwgeérﬁ oﬁlabpili% éiﬁnél{éblﬁgﬁw 6! Peflﬁr 8he method
uman enbryonfc stemcells. "According to sti furt her
cofnpaisinge Sa) oultlréngd dsc embednjr afear roets ento duhrert metlinen which

st em cel nbryoni ¢ stemcell]s. . According to . .
coRPERFS FEAEIL S SRGH e S FHHE HESLR BoGumgbier a pegtaining the
enfIFRQAE NRGh ScdiReirC dht SHBER MO | $atE2RAR G B o%i‘a‘i’ﬁ“’lé;dpﬂﬁded,

sald stemcells in an undifferentiated state.
undifteperdiatag temlgyphic fstam heells eandr €b) i subjévtingdeseidi xganded,

referr enbodi nents the protein.carrier i.s al bumn.
TR CORESPRE eliet nerty ol ubRhg' Bhadifiofy e for
differehigltin@GaRéablyoRiet ster Wbl /o &biydidebddes: Btbréby generating the
suspensi on. According to still further features in the

enguxeid ibpdigs Foar the epdrmiiodreels t he suspension is

devo, - ' il .
o bR S RS RPASEED L AR AR B provided o
methdub df gemdrstirpuliheapespedific etilefivadembryanicestelarcellgythe method
free. matrix.. According.to still fupther features jn .
compaisifgs {7} StHrHe thsr PR dieRb 5eUS et ©cBRwEr medipgy which

cof;ftpﬁ%s”ﬁ{ [LERILS GhifnkR! QM8 Sl Blebiutn i 13 %ﬁigtaining the

i1l further features in the described preferre
endrpo¢ reten scellseinc ah t undififerentiated fstate.eth dherélme dbtaic edxipsnded,

undifferentiated embryonic stem cells; (b) subjecting said expanded, undifferentiated

embryonic stem cells to culturing conditions suitable for differentiating said
expanded, undifferentiated embryonic stem cells to embryoid bodies; and (c)
subjecting cells of said embryoid bodies to culturing conditions suitable for
differentiating and/or expanding lineage specific cells; thereby generating the lineage-
specific cells from the embryonic stem cells.

According to further features in preferred embodiments of the invention

described below, the embryonic stem cells are human embryonic stem cells.
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According to still further features in the described
preferred enbodi nents the culture nediumis xeno-free.
wa\ewonzhizny to still further features in the deBCYil2eah/000998

preferred enbodi nents culturing is effected in

xeno-free culturing conditions. According to stil

further features in the desgribed preferred

enbodi nents the TGFb isoformis a TG-b isoform 1

( Tmprdmw@h f@gth@bfegmrw infthe dersribed prefresd quments the

%@Sé refselrr%%b(gﬂ:ﬁ) rrentsthe TGFb isoformis a

cu SPPESIE 8 ding to still further
f eatAUc@ﬁhﬁg“td N8l Aemer fRffesPinahe deeebedpafirigndbddients the
TGFb is provided at a concentration of at |east 0.06

culigrerhedivi beingisarym eeplacementifies her features in the

at - bl ARReF ERRAG RIS A RLAEPR e PR ipots the

Cufttﬂlfetlﬁﬁﬁuﬁl%ﬁ’ipﬁeﬁlgllh6m (ﬂﬁmefal bed preferred

g?b gcgclzqgeggég? tqt)sqgl ggyﬁgﬁ éajsg(gg.{)ov. 8 eecgﬁagil pfq? fiff E‘?Alments the
cutp:%brg&ﬁﬁm' do \}H% r%%%[{'_[]?@ ehitfe?] 85d fHleRAPOAA Bﬁﬁi el € human

I'S provi t a concentration of 2 ng/
enfrgaricdsten detisstil | further features in the descrl bed

pref rred enbo s.the cuI yre d|um [ige
baci Ascpring i 44 FEhsh anret he (et PRAEIE REShgens the
cuftiibd thedivt dﬁ)%{prfsﬁfgt W6RIL 6 Bhidtea Q@@Whéﬂé@:dsdid éﬁl‘bf)rcﬁd: stem cells

enbodi nents the bFG- is provided at a concentration of
arehum@aagmbwong:/aﬁqmcﬂ&or ding to still further features

in

o RGel g L RO RRUSE Pt BRLLAERLS pHfen b i dmnts e
ste‘iﬁ@éllslhrélgmb@oﬁtd dtémicelld. her features in the described

preferred enbodi nents the | L6RI L6 chi ded

at O eorEanie sl uther fepturpgsthe zissq%@ﬁgﬁfe ﬂ&% E@Bﬁ%‘ﬂ?&ts the

cﬁ&%ﬂl ﬂgeélﬁﬁltlg' €4 ai)FeacgN:& &dlr%éaﬂ?stgﬁ%ﬂb Resh mefrseheded state.

ment’s the cul di um conpri ses serum or

ser uﬁmooechhg@ceslﬂhfurtlﬁc fotdenin the dssarihedfpmfmhied efbedimeats the

in,.the.descri bed preferred enbodi nents the culture
IRl ChRipdS a@%ﬁ"ﬁ of serum or serum repl acenent.

Accogghiodding Qo Sstillll Furfhief ttbHireb 8AttHE @Rsdribell NBeféaBardoitRdiments

preferred enbodi nents the serumor serumrepl acenent
cultyripg tpafthetedan suspenvieent rat i on of at | east 10 %

Acco d| n I e

oSO8 ok o S0 LA LSRR B SRS e
subﬁéﬂsﬁ)hl1§1§edd1d16§ﬁ©siﬁﬂeadﬁdr6no@e| Is follow ng step (b).

Accor di to st|II further features i the escri be
pr ef A¢qosding i odillnEnther ifeainres jip fhe |q€?é‘§g€ %‘qeﬁce”&@ql@ems

L{lﬁﬁglﬁ%ﬁse&i‘e%%ﬂ% @fe@@e‘%'ié’ﬁr%% nfRRAration Of cells,

es and/or tissue-11ke structures contained within
s ai dAesunding ital stild dirtiser Aeatareslimthetdessitiel préfarntd embodiments the
atures in the, detscr | bed preferred enbodi nents

fee er-layer free matrix is a fibronectin matrix.

According to still further features in the described preferred embodiments the
culturing is effected on feeder cells.

According to still further features in the described preferred embodiments the
culture medium is xeno-free.

According to still further features in the described preferred embodiments

culturing is effected in xeno-free culturing conditions.
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isolating |ineage specific cells is effected by
subj ecting said enbryoid bodies to differentiation

w0o awvoe@es3 0 t hereby induce differentiation of BEI/TL2006/000998
enbryoi d bodies into |ineage specific differentiated
cells. According to still further features in the
descri bed preferred enbodi ments the enbryonic stem
cell is a human enbryonic stemcell. According

st i |Acchuding & stflbatrmeeﬁeartﬁe& Wethe describpd areﬁ?léﬁde?m‘te@mems the

pod ment s mcell is a primte
T(é'? h1Y F’c‘s§t ’éP Or%sling%@tégent i nvention

Suc C&&:%&Hh% Yo sslngeRe ¥eahﬁ&s mhiae desutibed preférréd embodiments the
presently known configurations by providing a

T@MisoMmadEGE&mofdnméie(T&HﬁBhre medi a whi ch conprl se a

TGFb
o AGiae i A et R ik Tl Aot Bt GnBARARKE the
TéF@lt@Prd«JEﬁe%%é a RbAhWhissh Stal 1¢a800.0@hk/ntlechni cal and

scientific terns used herein have the sane neanin
conmiedoyding de sl atheb featires bif thg dgbaribed psederrpd prbe @ﬂents the

to which this inventi pngs. Al t hough et hods
T%Eéil ‘ﬁﬁ’?‘é‘??‘#@aﬁ(’ﬁ?qng?l%o@gbf ht to those described
her e\ 8.0t @R e RS st SR fldbGed ﬁﬁﬁfe'd’é@crﬂfed éﬁ&’éﬁ&ﬂ e@bodidnts the

. present 1 nvention, suitable nethods and naterials are
TGBR ik iphevdd daledt awondentretisrofdt leash.5ingfml. t he pat ent

28 Sﬂk;%)f%aitnlgﬁg s“fé{} < };Jeg:fga ﬁggflh@’ﬂsd ﬂigd C(Z gm% (léi'melnps the
gnded be limti
T R PP N AR LGS e Prvent | on s

her eAbcatémgrto bl fulhi}er\fmtumﬁ 1Ietm>r®lsq1®|dl prefemied gmbodiments the

reference to the cco ng dr.a th speC|f|c
cHBRCRERLE HEWPTTSs PR RPRRRLEo Heftarsrchl "

str eﬁ%@(ﬁd g% stifl Gu Ry trb e s thet Héééhlﬂid%rbﬁérr‘é@)én%dlments the

exanpl e and for purposes of illustrative discussion of

bEGE isprevided eth eorisentiationtod abkeafttﬂenaémés ent invention

e veruoina st gy s W B E R Bl Chibbamiits e

bEGHE §boRd des EsricBhir@ionff at Reestpirigiei.pl es and
conceptual aspects of the invention. In t

no abeerrgingitg stil furthey featuigs d4p Fh?c‘i%?%@edc@?g’ﬂeg 68? H‘éents the
t
T
descpcpérding tb aklﬂrfumhdirrfezith&s Ghn ﬂm dugerivakprafpriag partedimengs the

those skilled iin the art howtﬁ]e several fornms of the
cyliyye medBin FRIPPIRSS SHYBLITSAUWHIHIACEMCR | n t he dr awi ngs:

Fl Gs o cbdal gatE)estlﬁrfﬁf'tHéP E4AR5 3R A% AQBIISId Referd TitRdidénts the

t he norphology of undifterentiated ESC col oni es and
clHBE: siedyine isodelvbil afrsemm mlrsemanmlll@eﬁ!@eder free culture

systems. Fi gur Undi.f f.er t

curt arerdiie s e e dea SBGUPd Byt ents the
sérint d#'sBrusy RlpBIFeieht id fraRRRE 88 SohdentrhiforPéRs Eausel CD%

cul ture nedi um suppl enented with 100 &g/m of th

| L6RAceordkignersiill tgher feataresdn thg desadbegd preferred embodlments the

method further comprising isolating lineage specific cells following step (b).

According to still further features in the described preferred embodiments
isolating lineage specific cells is effected by a mechanical separation of cells, tissues

and/or tissue-like structures contained within said embryoid bodies.
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formed at the periphery of the colony (Figure Ia,

arrow). Figure Ic - Undifferentiated 1-3 col ony
w@ioroeaa on a nouse | am nin-based feeder | ayepCT/12e06/000998

culture systemfor 7 passages in the presence of a

cul ture nedi um suppl enented with 100 ng/ M of the

| L6RIL6 chinmera. Note the absence of "auto-feeders".

Figures Id-f - undifferentiated 1-4 col onies cultured
on aAddording de tstill- Bukher) featerge in fthe desqgibed raeisyred embiodiments

1sc§lﬁtr5[gq Z a%( Ssdole\r/]\ﬁ chceei]goﬁf]g C ted” F)yt uéﬂ%tﬁrgé?ilge&h o1d bodies to

diffeeatifin fa@ﬂbrsi:togﬂhémbyhﬁduce differeftiatfon- oﬂéﬁldrﬁdnbﬁioichbcbxﬁés into
for Figure. lb - FIG 2 depicts a normnal

1111@3%%/%169%"@ déﬁfefﬁﬂt“é%?ﬁﬂsar y hESC. The karyotype was
eXaM OBCLIAL LT ARAR? A 0ln ﬁ'l@lcfewriﬂg? PhfelbPRbESARAR the

of a cu e medi um contai ni ng 30
enibr§éilit Steahdethtes a homaa embbyamesiemrceﬂeeder -free culture

Nor rateording S $E REER SRt Dol hedprotrted BabSiBRy te
en%f%x’ﬁ&%fénf &1 13a%§§a@@&ﬁb1}yﬂnfc@%nﬂ’5ﬁ§ence of a culture
medi um cont ai ni n of the IL6RIL6 chinera on

a f i Bireopressnt mmefetuewcb@ssﬁllldmdﬂmsaﬁssb% sharicoméngsgt dhghpresently

Re ea assage
Gt 3, BEIRRAE a s bR bR PR Bl which

o&mle Q- TEH Skoforar & 1BE LUK AEagWARR Srdl€pablel 0Tdnainataining
i mmunof | uorescence staining of undifferentiated

Stmlcd&ﬂ@sﬁnsméiff%@ltwqdrﬁt@mface mar kers specific to the

NESG yndl fenant hated s a8Gundld LSLam AEdudefherein have

hES I'OhEcC eadersy ree

thé Whind eyt ascbMmodly padaages bynodehef prduseneRilbin #0art to
ng/ . of the [L6RIL6 chinera and were subi ected to
Whlﬁhﬁhiésm\@ptlm Relopgs hAlthoush methpds sk wategnls sppilarior equivalent

tol(:{fx&sgé." rdga_ d%er%?Ecg bé Fds lify t’ﬁg)epraéic%eop stlngz& ity present

are anal'yses depicting t
inexpioas siitahleahethedsr adaendteatialy ereglesated fbetave In case of conflict, the

ifferentiate and of e three enpryoni erm
oy epectiptimaesyfin SeaRtumuit Faitshe des i dsede frials,
m&Mbi bR &ﬂ;ﬁ@ é}é ﬂmstﬁfm! (Yrﬁfy dndadi igeeni&Be)bedanitingd
theréefrom Lane - line 1-3 cultured for 1

passages in CM oo (1006 000998 13 ng/m of the |IL6RIL6

= s i! -3 cultured for 12
S iy T C 6RI L6 chinmera. Lane 3 -
10 dPh% Ihlvéhth_;ﬁsls Cﬂl%fdn’l/ ﬁékcﬁb@dnb&@ay? ef &xxanylé Ohly\Weifh reference to
cultured for 10 passages in CM OO. Lane 4 - EBs

they é@qwnfmsrﬁrqug%ewl Ssridls roksFaace BPY P diep drgyings in detail, it

BRIy 0000 T 0l oS8 OF SR G s o

illdstrativexidkdugsidn mjfuhepfbéerredl-'fﬁﬂﬂ)duﬁegm vEthéfpresei lhumtm)n only, and
gure d ucagon; Figure 4h d.ob ure

arg,prese@gédpél&e ﬁﬂngr? Hf?\j‘E}’%é what_is ﬁeﬁ@vedﬁo;qﬁ @ezmo useful and

reAih3 Ind kYA CddbedptiodNH: the principles and conceptual aspects of the

invention. In this regard, no attempt is made to show structural details of the

invention in more detail than is necessary for a fundamental understanding of the
invention, the description taken with the drawings making apparent to those skilled in

the art how the several forms of the invention may be embodied in practice.
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FI Gs. 5a-d are photom crographs depicting the

nor phol ogy of undifferentiated hES col oni es and hES
w@Revghss3sl | s cultured in various culture systREHIL2006/000998

t he presence of the TGFb-containing culture nedia.

Figure 5a - 14 hESCs cultured for 28 passages on a

Matrigel (tm) matrix with the D nmedium Figure 5b - 14

hESCs cultured for 9 passages on MEFs with the HAl 6

medigfie drhiage SC - 14 hESCs cultured for 20 passages

on foreskins fibroblasts w the D2 d| u urhe15d £

- 1FIGESEst ern photapicregranhs é%%%tg’&esxa&}? % rp ology o

eRroneck! UgRowhiofe £1|ikﬁ1 feeder-f
un%}fqt%reﬁ %Hnlgsg?éeogéﬁ%grl\%ﬁho Eosg Saé %ele?éhpsr %ﬁoongedvcul tSu rele ntg ree
cultrk Rydtb@s Ul gguss T6Gb Undiffereitiatadd-Frealbay eylpued on a fibronectin-

ol UL GO0 B0 X8t S AR e st
meﬁl&.k%@uﬁgl ﬁeﬁieﬁe\%w 100 Sl *EeheALERITS sldarid. i Ndto theh eauto- :
erentiated s

14 hESCs cul tured f%]i
feq@assg afpesedrat ahdviperiplgsy (qfn%%e reolonyx (Bigwne e earrayg ukigyre 1o -

st ai n Wi th TRAs | Fi E f
D T e e b BB g e
cuftﬁ?tre Jy5BHY 28 7GRsshgedinGhe predeiteaifa qnltutear[edmmgsruap]emented Wlth

depi Cting the derivation of a new hESC e ungd

10Qexglmf ofcthe FoPRILIG imergn Nase Hsiabsence ? "L‘Ht‘é ‘i"@eff& :ﬁégtlr?ﬁeld' |
%gfgreﬁg%e&l "1’[1) ELBUWS cftured! B a Cﬂhxtoﬂ&ﬁﬁll BOIN] )f@edﬂ‘ ffder &dlture

arrow points at the inner cel mass

| sybtefaMor 281 @itages n thet Ihesene@bfaa edltmel\vhahulpesslsalgmemed with 100

p- 2 Magni fi cations are X for
g%al 3 tapéL R DY é(ﬁgi%‘ﬂrﬁﬁl?’ 3t gﬂr'ﬁl%ﬂgg%&ar for
hES | tyred for 3 passages in suspenS| on in the
Fl%ﬁ“&ﬁ@ ?’Lél”&\% the D2 medium Shown are i mmunost ai ni ng

analprees déiolc@al florfndal leﬁy@ty@abf af BemplafyhHSG. gUhek8pdtype was
and TRA- 1-81 (Figure 8c); Mgnification are3(63f9r..
emng]@ﬁdeaﬁegg p@ssang@f Cl@:gn@g g)rtéte [BF\Q?F‘EH’FI lacf.'é!f edtum confaining
/I%'i P%@EIE%@ OhinRta 58 GlHRORcRR FediRf-BRO k&@%e% stem Note
en e

ture Figure 9a - Histology o
thla E)Sééeﬁémnf) a( ﬂ(ﬁﬁla14l6ﬁ9$(kakyq11ﬁ)e c Normalekaryolyps w@és@ag dstected

I n suspension in the presence of. t
whytrn ARk HoReBI gt e Bt inaepiseris il bflte medium
PIRAE "R TBhilnegL bh % Hbioh d:tﬁf g@dexuﬁbe iculture
c(Jtilly [ %g f oﬁg/n%%{gstﬁﬁg%gﬁgf ogy1 Fi gures 9bec - 14 hE Csl
sy\smma(n@u sawmd Repeated teakai pgesage A3 v1as fuindite e parmpajdnot shown).

ce of the D2 di_ um,and re then re-cultured on
(R@F-} @?er‘??(@ﬁgeﬁ?rﬁﬁgf%wp the col oni es after

re- CF‘KH' r3'aft9a1‘én Nehisicidriythsadepicing inaouriftoescape staining of
Not e the typi caﬁ) undi fferenti ated norphol og%u of th HESC
urtdiﬁﬂsntlﬁﬁ@ u¢<d@n19%| gained swilesetage r maghery ficoto 1ige

oG ERaRY YaBYe DRl 15t BESEENfEp Sudts S Rbronectn
feeder-free culture system for 27 passages in the presence of 100 ng/ml of the
IL6RIL6 chimera and were subjected to immunostatining with Tra-1-60 (Figure 3a),
Oct 4 (Figure 3b) or SSEA-4 (Figure 3¢). Size bar =20 pM.

FIGs. 4a-1 are RT-PCR analyses depicting the expression of representative
genes of the undifferentiated stage and of the three embryonic germ layers in hESCs
grown on human fibronectin feeder free culture system or in embryoid bodies (EBs)

derived therefrom. Lane 1 - Cell line I-3 cultured for 12 passages in CM100 (100
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t he nor phol ogy of colonies after re-culturing on MEFs.
Note the typical undifferentiated norphol ogy of the

WO BBT9263F3 gures 9f-g - 14 hESCs were cul t ured POFI/II2006/000998
passages in suspension in the presence of the HA19
medi um (Figure 9f) or for 10 passages in the presence

of the CM OOF nedi um (Fi gufe 99); Magnifications are X
20 for Figure 9a and X 15 for Fi ures 9b-

ng/H3s thedL SRR Bcanal yoes -Gsfilee! i o e | 6 aragesdR 300
ng/ﬁgégiﬁﬂ%ﬁﬁ%&l ﬁgag{géts P@n& ndif f]ﬁ;se&triv@a %n?¥ §tc€11§$vhtch

he presence o

ﬂﬂtﬁ-@ & ﬁlt@mleo%mdrt UEBs ldaneedtfronm—a chIESWhlch
Welléwzf ur edffly? 1 Sgasssage in suspenS| on 6“1? ence 4. .
weﬂ:f cﬁlh&ed—ﬁ(ﬁl\/l(miaaseghsum 109engiml o the ,Hdﬁl:{ﬁ, Hindta > 1gure

(RSB b g PGS ORI N it 4 L P

e in sudpensi on In‘? tCed
pr i OV e (LGP Goboln Bemmard - Cardie
fre%ﬁjgggﬁeﬁi ? ﬁ%al ni nggrredl um . L 1@.1' 1-4 hESCs

actﬂulﬁtmedjfﬂklﬁlga@s‘&geé K tH %&‘E@ﬂ YEH n the presence

p ro &g&‘ﬁ 'gg\leﬂ- e g’ﬁdﬁo l%@-gg tﬂgh{o mdi ff@entiated

n al ning medium . Lane 4
hES chléhitipdshErdihsle Q:élli Qﬂttﬂecbﬁsmgms culture sg§iems i thej presence

the presence of the HAl 9 nedi um en [e-
of dIB "MEFB -chutaingrii¢ulivgn medig- ﬁégtggéég?f gﬁg€§ guliuge g flor tpée?gsalg,res

L T Bt shlaur s@d {tured for 9
g‘?iT m%%fwg‘f g[?{gnan f otnd %lgggalt‘tll\iﬁe for all
paEs%%E@ Qn QIRES with! the STAADS &ﬁedtmnBth 6d -flgr hiES G ewlipregh dor 20

were found evenly p05|t|v T
APRESERREDe KB ERSt PESE‘BF%R REINT o FEhEFCs cultured
| - deflned, X tﬁ%@t ediB Wi DD medipmi SNota the
fo%bp{flsg%%eoro% orﬁ@ﬂ tﬁg??lﬁéé chi ;rlera whi ch are capabl e
R frerBh R RibpBols e mafae| prolonged ncultvingf witdntheameiue TGFp-
state. In addition, the pres ft?,fentlo s of
cw@llmmgmedraésfp%hfﬁﬁﬂ?lqarﬁo‘tsrf’ée SR W dnd the stem

cell nd. Qf Qi% icife andiffesitiatadgcolonies stained
errbr€I i gast e%@ﬁ?@cﬂ; : g/gl I{-g efll ned, xen%ﬁf ree d
willshhe mﬁm spitifiedu éhg hEﬁ@ %déﬁfémtlaitﬁh‘\/%%&q &t hEsCgeulture

t hods of di t )
fqrrrgé rpgps,%gq?ﬁ (fnokl} i ent*%pg{}ﬁggﬁﬁ gt? rpédlE%SD{ Qﬁ&@tg%ned with TRA-1

I neage Sspecl

¥re 65)@nB TERRNL8 1 (Riguitico) Magnibieationedre X
6@?%@%& 1{“ ggbl)g regr)odum bl e, xeno-free cultures of
zhﬁﬁﬁﬁgumbsémccan be used for both cell-based therapy,

phar ti.cal screenin i Sew hESC i
Far oBTGe dch G poloERiy iphn QGG P dcfan fidon DESC line
uRid:NGhplsRs Bnditione batfbeskinffitrbidads using ehevbldi I@rmed;tgm Figure

Tarmyhblsaed smyIer ST GHHEE R071 51 SFBh GG ot g Tt de'mass
(]g:gl\gwgﬁgtf ﬁgg tﬁ% Isol 9%%%1012%@3%§&%e @Gp S MdBaffRagons are X 20 for

the invention in
F@g&@g7a,b|t is to be understood that the invention is

For t FIEh Soronmaiosn AP PP e of by cuttured
58 E%s%‘é%' €% sdspEndiflY G theNpresen6@RAbie D2 medium. Shown are
immunostaining analyses of Oct4 (Figure 8a), TRA-1-60 (Figure 8b) and TRA-1-81

(Figure 8c); Magnifications are X 63 for Figures 8a-c.
FIGs. 9a-g are photomicrographs depicting histological sections and

morphology of suspended hESCs culture. Figure 9a - Histology of a hESC clump (14
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of other enbodi nents or of being practiced or carried

out in various ways. Also, it is to be understood that
wo b@7phisseol ogy and term nol ogy enpl oyed her ePer/II20660000998

t he purpose of description and should not be regarded

as limting. Human enbryonic stemcells (hESCs) are

proliferative, undifferentihated, stemcells capabl e of

differentiating into cells of all three enbryonic germ

hEJS@gﬁxl@f culffed BB iSRS iaksaspenpbo e theagresence 96 diccR1 medium
nmodel " for early E

uman dev. nt.and hol d prom
andatninod e OB AR e R AP S e R f i ok dnall
har.nmaceut i ¢cal . RG¢ hg)%g i< abioafes Ob-odr ESC
celf%awlélén?%g%ﬁ%ﬁ%etﬁi%@gggﬁggﬁp oun ddhgge}f i vlg B/ i c hm?cle uj Sr .
culflrBO&r 3 pdefeenin ssponsiontis tsf prpseske phibg (i ngiedipay and were then

I tent hESCs. F in h t ] ,
re-Puirg SRR oS i e arpie ey 3 e AR ERRfe-blfuring on
MER 1;1)5?%%#{{ ﬁvg&&h 6 RBPL. ENBteant Bdical uadiffercatiated mumphology of

V\Eﬁ - I he cul t

ure systens/ wher axégosure to animal .
th BESCs. Fures\Adeais & hESES mﬁulaa@%gcg pagsgges 1n suspen

bat ch- depend riati e £Fs.t 8h i
theapieredve o0t ot R g e Pefp R AR o i
thgb %bﬁﬂ%lotg?e oflexbiapeitier Ofe-culttminguoe dEHsem Mok Hhe stypical

ased on a fibronectin rmtsrl X nolr aﬁf[eoﬂ E‘ﬂﬁfﬁs ere cultured
undiffpérgiatadt marphotagy 28 thy BRSCer dH&FET iRy {"att or

1. (TG-pl). an FCE . ] I Pral190hedii®d @idure!0 or for
fo%;&?ﬁ?g%ga?esgg%%sgﬁr%@% Ereg%nncgiogtﬂg% of t he 1con(‘oi nati on
1(OfashusBim €l fregace bihefGN 00 oradinm ((Eigie 3g)alggnilications are

vitronectin and g %gi:i.um s%pl emented with human serum
X Aok igurefla@nd b 40 1REEPIUEL ORI g et al , 2006). However,

a mepels §6.2uRas RTEPCRNBIalyAES BEpictidst the expyestiomol sefirbrentative

chronosomal instability of the cells associated, wth £
oetis enthedingiffaraistddrstase bf hESCs ltiyed nBspeRstinp IO Prepise ©
feeder-fre o-fre ' nsy_ RESGCaltadcd for 1
thﬁi%ﬁ%MWQngM@%g_Of&%%ﬁ gl%{ﬂlu\%g g’)é%ér gac%pfg%z achi evi ngOr
pisalef inSpentRROMT the@resehéeoe tiay HAEIMIQ) usidign {seumnt Qi Erum
ne

I um which i s based on iso].ated, regonbj
et 1R LGN Bl ABgBaes La be ChALPRASHLHpd ©or 1
Al L o R e
repRdbMBht-ddRaNENas  mediomju | Tami iy - det AESEY andtoreg foESCpassages in

t that LIF h £f ect., iy
e o 10 R g
el A, REOTRIRANL IR LA, 1k ah. [ACiRStsolinecd for 2

€ SO e receptor (the IL6RIL6
padshgmRria susgeatian lin the meseate of 1IN 19 weesliven onfh thea re-cultured on

support mouse ESC cul turing, and_ derivat i i .chod:s..et10e —

MEES for 9@‘1!519%1&/@?%?56#‘88%‘ G 9e% Fistrs, ?ﬂfb_l( Ref P’@%‘gﬁ% H0e
a - (ahy D fidl bledrBhd tfewdd hepatine BESCall tested

Sl‘)gﬂtﬁghﬂeng?(rf gsa%({g:;g%%é&gt\g?g tWheen provided with a

oENEM S P éanipl 6sepéraceseinfor (OB Aadmgereruindrevorly 2OPENE-ni n

matri x (Hunphrey et al, 2004). Thus, the comon
knowl edge is that in contrast to nouse

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of well-defined, xeno-free culture media which

comprise a TGF isoform or the IL6RIL6 chimera, which are capable of mainataining

stem cells in an undifferentiated state. In addition, the present invention is of cell
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ESCs which can be maintained in the undifferentiated
state in the presence of activators of the gpl 30
WO e@ep2as3 cul turing of human ESCs in the preseCiEL2006/000998
LIF, IL6 or the "hyper IL6" results in differentiation
of the hESCs. Wile reducing the present invention to
practice, the present inveniprs have uncovered through
| abori ous experinentations, a well-defined, xeno-free,
cubt@rddCopiprisiap Wie cdpiracedianndfthestemndlipaot ef methods of expanding

carrier-free culture di um i ses a TGEb
o Rg SRBIARG HLoks Aol AP TR Aot SeRperataee medi.
M%ré?)kb’f R r@sféht gﬁ@ isfcff%&ﬂ&dsaéﬁﬁlff&%ﬁ’ﬁﬁm @Gssoﬁ]??é’%rmed
In dures and 6a-c and 1Is descrlbed i n Exanpl e
therfeﬁbhe f@(ﬁwpgemraw pHringgec pdodfid coks. rﬁs@iceﬂmtﬂnﬁepresem
a _hu ronect i nce
gy orcan et eaue R eRiRptPE: REETHRF Spllt pgnEscs
wBHRHOlch Obe S@JedMfoS A CEIbasRAMeRdragy)d pﬁa@id@éﬁidﬁl screening,
carrier (e.g., albumn) exhibited t e nor phol ogy of

idgmtificatien eﬁduugtt@gefgg@,d eell-based sompaubieliviengl e cel | s

Srglr A ssrélg 19% a&{]? %e%tﬁgeneéiﬁ%gf ﬁler ercfﬁédl S&lf %1{“?‘9 find methods

adcbidiny s tfeapregent lilveatidh trhan be thegerpumivesivod mithndeferance to the
have uncovered that, the new TGFb-contai ning cul ture
drapgnasand accompanyping desirintinBSuccessful derivation of new
hESGsl o pﬁ{hl%g F &agt?)ng’en@&a{mé o?’tlf%fln%h%og’ﬁﬁﬂaﬁﬁ St is to be
section c on a conpl ete xeno-free culture

ursyemtmd thdthths mmumn i myg lindtedrie iGspplitation t¢ He dstalsesat forth in

i R o8 HleetrthioR s PR b et HasiFn i DnipiTis capable
of MG SniRVUiR&TtS B} o SIRIHEThIaBHd AR FRiHedBE np&@kﬁb Ii)vays Also, it is
carrier, wherein the culture nediumis ca

tomm ntldﬁrﬁbwb that dhe phraseolpgy and (eigiinglegye ﬁtﬂipg’t}’éél h@feam és for the
pBpit e NGt B ahd o ROhes Sl FyMBRITY " The o1 owe

of sHefMaf eidbSyoaﬂMs,tml della |(1ﬁESd:s3 rmre ﬁro&ferhmdﬂ, hﬁ«afferehuatee,dstem
tate. Preferably, hrase_ "cul ture medlum as u

olsicapdble g dflgreniitiog 1%Ped18§1§ B4 thise embaypREq gerplayers. RS Sucn,
t I
VST 05, 3 RILGEL Bl 50 0L nd o
piomigntfoo nvatians bappicatitrer itdsdidg nedl- bm&d\htmtapyn qthadeaceatical
conbi nati on. of suhstances such a Ut i ent.s .
SRR e cRinn RE e Bortls Chbare, donpppd Blivery which
reﬂﬁf?é IRkt ﬁi&éﬁnﬁé Al Iof %?ohfgiraﬁ Wet ﬁﬁﬁ@ﬁﬁ:nﬁHESCs For use in

hor nones, all whi ch are need for cel

htpnan thempatamd rforath@ mo@c@apa»ﬁ II@g@ﬁmnantﬁwéMSﬁg hERCssnagdhto be

diff t t E |
o in Sl euﬁqqa'a%%agrfe iR TieR S giabRled Sy AR Sypeug pere
etpo¥@Rt loOmnifRAN (B8., ArebBiirikRE) or tHusfepahibdenk endeBtttitlependent

such as Ko- M (G bco- I nvitrogen Corporation
vagiabigoe s avaidghd | sl and, NY, USA), DMVEM F12 (Bi ol ogi cal

I ndg@%@s& o %ﬁﬁ{e Lg%@ﬁ}fé& %ﬁ%&-f(% L= caf{i%l t¥48ms include

thbrtthvslbpmeﬁt ofBh elulthiresyaiem Mhicels) basedphearfibtondctiv triatrihend a

necessary additives as is further described
medium supplemented with 20 % SR, transforming growth factor B1 (TGFB;) and

bFGF [Amit et al, 2004] or the culture system based on a matrix consisted of the
combination of human collagen IV, fibronectin, laminin and vitronectin and a

medium supplemented with human serum albumin, bFGF and TGFf; (Ludwig et al,
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herei nunder. Preferably, all ingredients included in
the culture nedium of the present invention are

weuwgnzassd al |y pure, with a tissue culture graPEr/112806/000998
used herein the phrase "stemcells" refers to cells
whi ch are capable of differentiating into other cell
types or remaining in an ungifferentiated state.
Preferably, the phrase "stem cells" enconpasses
20680 HOREFer S BiGedthwbddkSSEsthe latthnlcbltet eysteml is gheaghtomosomal
hemat opoi etic stemcells. The phrase " eogr)(oni stemp. o
instablility" of ether seliso assasiajesh Wit cptendgfl RRFOGSe a%'g e of =
. differentiati i .nten . C S : RnRNEr YEST'S agehil
ImpLRyEMEnte; qut.&’? r}g%d ggl‘eé?’mgédg i?%% ‘é‘?’ﬁ‘wir‘éiﬁzg yrrgﬁasoder n, or ehly
detigip®d. ning in an undifferentiated state. The phrase

"enb ic st || s" i - _

oot ke S ety s R 6B S Pl St i

us%x%saaédlﬁ?e (n'?ecﬁ’urp RhREtRCY&Ld defigifed, Mebambabimto factors.  For
. e

., a preinplantation blastocyst), extended )
exbinpkt amyse ESEls| can(EB@ayinwpisth caliEed mlgxioﬁggpegf;ro]ﬁyers provided

-inpl antati qn/ pre- i
S Uk BB S0 G oL Thredh | i AR e Bowover
acBRAMARE: UaltefdPatdity hESCE Supfise tharldFolesanmetfeétr ampréventing
genital "tissue of a fetus any ti Kgguri ?g%&g)ﬁftagie%n binant
hERG fefapitiptioaf[Themia getkd ot %@g iR t A5 fE
pQ g}e{pﬁdga' ﬁl%hg]ﬁ%;ﬁﬁgs el HSHE At &8 GRS T).-61 Rebptee (Bt GM6RILG

ef'ved Tromany adult or fetal tissue such as
CHARLROERebitB et abk1997)kwanehqwi ko euppopripguset BSC culturing and

, t ti b . . . ]
a8 faripe BRichol> fiflot S0y My eeert arnast phRESOARRIHEL (R and biL
Qi ﬁ%‘”# $aildd"& HoeShemmal IFSabinaibaeshdiffesntbitapetater when

e martow tissue of an individual at any age or .from .
pioeiddd it DMEM/seswmbeapacemeit (DfRa(F GIE, medibeh alagyipin matrix

cells accordi to thi,S as r t
i souier S A008, ke SRR KRhuE: B BACR contpst 0 mous
ERETBRhhieh dh PRIRinRimgd , innBrKeyifferehtiated sTite ienthe yejence of

stemcells of the present inventio n, be obt ai ne
acisiatmys WEAHE lnbihieseppE CulTTiAOL RIHBHL C R Ie RERICE SLIF, L6
human e QNI i er . i ated from human
) %SB&%}E{% rqgﬁlﬁséﬁ%ﬁf&@ it tREnE Y.,

astocysts are typically obtained
f r omyiminRRedusiny ithe prsaitiplanivatto graciebr the present NYAPFS have

itro fertilized (IVF) embrygs. A L vel
G e T St A SN e B s o
s?rh@i%e%@ééﬁwﬁt{-%%ﬁa%d: Pfotéiﬁ &alriRlfdel @iy mdien whishcedrhysrises a

zona pe s renoved fromthe blastocyst and
TR isonem el kvh_ilﬂmS%n_(lbeelcqii ﬁ)rimaitﬁiah@cgdbﬁSCs 1r|1 Ia pluripotent and
i munosurgery, in which the trophectoderm cells. . .
UG EBTRAEr SHey et 17 SREhAR THRTRS SheMitsy Otyg ieis YeSoribed in

LRSI NGk mEN ' Nwhict @fols, BESES SuRwed! ditchuman
E?‘F’S\‘?Le gon gl;gnlﬁ)ﬁgd%ée%%%?o‘g@icat e ﬁed’i um whi ch enables
fitkSnc@tih 8iz0Mt I thE@rdsendend a9welbddfinedaNGEFB-cortainmy eiiure mgdium
outgrowth is dissociated into cl urrEs el { her b1 ge albumin)
whidh it levoid @f Seen serusm replagsinegh agh AR C%‘E_é’% &t fon
b AGnE ShoBndbgy lRGMhdifs BEIEBE Bolbries and I BSCaingle cells
et e Iam I 5

ne oni es enonstrati ng ]
(Bnlidst ehat)t had eekpmesah diypigyl HESG ruicfabel uamkgrss gpesdfie o the

un%lifferentiated state (Figures 6a-c). In addition, the present inventors have

uncovered that the new TGFp-containing culture medium is suitable for the
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m cropi pette, nechanically dissociated into clunps,

and re-plated. Resulting ES cells are then routinely
waeplorn2esery 4-7 days. For further details on PEL/NQAes/000998

of preparation human ES cells see Thonson et al.,

[U S Pat. No. 5,843,780; Science 282: 1145, 1998;

Curr. Top. Dev. Biol. 38: 3, 1998; Proc. Natl. Acad.

Sci. USA 92: 7844, 1995]; Bongso et al., [Hum Reprod
su&gss%gpderﬂvgﬁ&l of 8% @Cd N8ds glﬁbs 7a-bFBkirhple 3Sbethel Examples

1998 It wll be appreciated that

sectimpmrrelrich ﬁjlloyvshmaa hampbtesxe@m quifuges3ysteMso be used

with.this a of the pr
cel I'dY ’a‘?’f’CBEP &Cﬂg%ggpep Pofﬁf%érekﬁmq uérlrl;ﬁﬁne lé%% vided a
cufth@Th&hrhS The @hﬁﬁt%)fne(diﬁrh RofpES®a TGHB ¢0¥)rm and being devo1d of
Non-1imtingexanples of commercially avajl able
senmh rspomi piicenentednd prbwéscaam@r, B@gem therpltuganediupdp gapable
f CY3 é CY, 21‘n CYI %ﬂq&q E32. Extended
0 B‘i‘aég TR EFT S ERBES) Can ‘ai ned froma
bl aSA@%y&i h@{emathel plagte mmared ayeshmﬁSITeféﬂsr tol hisplitli @na dtquid
a stage prior to gastrulation. Prl%‘iléto cul turJ n

subsaa OB 1o CHBDOLRRE EEPTCPU TS (HIgeSKdtlap thetn Tn an
n%léfﬁ&@ﬁtﬁﬁ%y st%é A;??@fetsabgg 'tl?e' o}ﬁuﬁé%l "‘éhltﬁl% thedliG® 28udéd BdbeinSbfers

expose the inner cell nass.
to Bliyuid adkaaystapable of hdmaicingttbe stdmagllmmrem@ffmyn%awbﬂate
at | east ne and no. nore than fourteen days
heepyliyre Z%F#uaﬂ yspd by the rRrS%enF YERRO §8Y P 4R Q“é‘seé*n{‘bedlum
Whl@hvilnttfugeé‘l%.l E&nﬁﬁlﬁﬁ&@rﬁ QIHRUEORI Suchl NGRS, | netikhtd) infigerals,
net hods. ell's are prepared fromthe prlm)rdlal

Vlgmnns ealins aalds,amlmc feidsnreteins syclops grekines-grawiietagtors and

est n the ca ShndfSiBY £
PR 8y it S G SSRRBAC Sl nTBRLE LA bt bl Sempble o
maintaining r’cﬁe G@dth t@lls rih dge sindifferaiitiaedcitate ed Fan (éxmnple; lat oulture
smal | chunks which are thereafter di saggre%%t ed

medipms agepraied: ka e aspegt o5 8 BEPEH mVﬂﬁlEOlE@a’& asSSQ}t Fife tissue

’
cualléglggr] g%ﬁl \gp S\!l(!lll id ﬁg EM &G bo- Ig\rﬂgrg g%ﬁ%ntlﬁocélgtsl yGrand

Islagp)] BOEMESA), OIf)MEMlem (l]B1d)lbglcal Ireihllstrmrbhb |Hegynek, Israel), Mab

AbU msdyen tblons i g oo PN, (HPLoGERL In MRS, Bie

RedeGRabe bl &itis &L aShafdiet Uekibed
T S sBpFBRA Al WER fedsRabf LB aSRABLGE Uokibe

hdﬂelﬁund?al Prdfierably, ald ingsatientathgluded i heeubiviermedinmeof dagpresent
be isolated u var s net hods _k in the art
inygRifprALe ?tﬁ?&@@a@ge f8~s y““’%\e %‘g‘“e %?/?ng [J Pat hol .
2003 A4QRED herenfHireSraseCastem Lell €1 refdrs to [cBIlo Qdindﬁezhrb S:afﬁﬂle of
Dis. 2003 31(1): 18-27], Collins, A T. et aI

Il
differentia(ag : 1ntp14)(}m celh) 1yIB8 GOt 721}1a1nmg fllg A0 n g‘fer%m@ted state.

[14 t 47
PR o podgp L O S BB ESR o Yo eahBRCof au
stBnQells Mmatbﬁdﬁ%ﬂemégl@ts 2001, 15: 28-37], Capl an
and Haynesvvorth [U S Pat. 5, 486, 35 Janes A}uch are

et alhé mhygse nremBryomep eieH 2 relgy 19)embsEoe 6‘5‘]115
czﬁo%f)ﬁlof%ﬁf?éﬁrﬁﬁltllné B ReEof a?ﬂhfge%%bryomc germ layers (i.e., endoderm,

ectoderm and mesoderm), or remaining in an undifferentiated state. The phrase

“embryonic stem cells” may comprise cells which are obtained from the embryonic
tissue formed after gestation (e.g., blastocyst) before implantation (ie., a pre-

implantation blastocyst), extended blastocyst cells (EBCs) which are obtained from a
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usi ng various nethods known in the art such as those

di scl osed by Eventov-Friedman S, et al., PL0oS Md.
WQORM6/026353 e215; Eventov-Friedman S, et al., PrecT/Nané6/000998

Acad Sci U S A 2005, 102: 2928-33; Dekel B, et al., .

2003, Nat Med. 9: 53-60; and Dekel B, et al., 2002, J.

Am Soc. Nephrol. 13: 977-90. Hematopoietic stemcells

can be isolated using vari dés net hods knovvn in the

R il e R T

pre3@fidnveépitapl @1d epdbrp@bio gerfid AEG) tls athidnara nhtamed from the genital

t1s§§g?o&?%% %%g@%g (ﬂiglgg ?grer%éq?(? 0! etfjgragf 4 We%sy (rf %agta’uon

ARPREER 81 gllgor@tlkﬁ EQINE Slehs célﬁ”ﬁﬁclﬁﬂg 'sfefrﬁ‘éeﬂlétdeﬁﬁ/&ﬂ from any

state are di stinct norphology, which is clearly
aduﬂltsirlﬁa'gu msmbm@hkgs adipose ktmsu@dsknm ltldn;em.htvelf, meestatRapansEeas,

ST R T

ad Gk AR St O, Asolide steth iclss otsiasd freni blood bebdme mmdow tissue
conpact colony formation with poorly djscer nal}cgélg cg
of jagridivishel a'fA@RM @geoqarafromecaar@ blaodot 2 Rewbergi indixpaual | Bredgred

St(?%ltl %él?s Qhodd drt a%ﬁ%clt ¥f ﬁ{ Eait ifen @%'e‘ﬁﬁﬂ nlc stem cells,

ereinun ure | um accor di ng to
préfeiadbt oﬁlafhdd‘i}ﬁl (plfpiﬂmmt (el gymohkey) odgmpr i ses a TGFb

i sof orm nd hein of serum serum.replace
and B oG et 1S AE hyrp b PR e CPLae well-

fo ARy | h&n aﬁ§fs%rﬁl ol b
o 1 PRIGRL SR e S e 00 cn

isclatpd efivem THeMEER Blas}echaank mmwsblasmcm aquptymu@tés 1<)bta1ned from

TGFb?2 TG-
h“NF@nOWB‘%%%rédWQP apl r%os O’hg naﬁll ens r@fg_eg (VRS chiBryos.

AlnBark, Acsasisicen tmanw?mﬁ% 230 bevdrbaidetiup ahé blustocyst stage.
through the same receptor signaling system.in the

Fog dhe isolation oﬁhwnm EB gellothe zapd ¢ pallusiii laf%ﬁhvedafﬁan Spertdpstocyst
antduﬂ{:t 191{%? 86M5)o'i§/ R atea— q);}p iRphchdstrgbRIURI Rhich the

ranst orrra | on and negative AUt ocr i ne
tr@@%herhﬁéélmrare Aoedndd mqnbvzedpﬁrﬁhethe edac fodllbymende pipetting.

present inventign the T sof orm
Then VS dmpleifd 16.A S5 CHHE e leCOP‘F’}E“ ¢ BiecahprSpriate medium

WOIEH %ﬁﬁﬁlgsn]fté SutEfFRnOTollFHRS: 9 %Jff‘ ddy& Ehe' R HefBed éﬁt Hﬁ?vth is

obt al ne romvari ous comrercial sources such as
diSpsiateads intd mhﬂapﬂ) leitlser by, aLmAchamcall glissheiaon or F_boaﬁipl @szatlc

of t es ectl ollo the pre .
i rbon oo Betrey P daPIRER (A 8 et At GRte medium
c&eﬁfe@d@m%@at(@ gndlfﬂaﬂéﬁu&zkd rm&?umggplab 60N idang s{élel:%d by

ng/ TGb or TGFb3 (e. medi um_ the

6
mm@plmﬁeo meghanicatly dgssm@med mtmltmpSe and eg-platedn @l@ﬁﬂﬂtmg ES cells

Bl HREFIRH L) R BRSO on

hungan BS|détieded Thbheort bt mur[ej BEBANLNOT5 843!,’580a§p&nte ag2: 1145,

the present invention is provided at a conc
1998; Sy, diogx VOB Gl 13310988; Proc. Natl. Acad. Sei. A 85 7844,

1995]; Bongso et al., [Hum Reprod 4: 706, 1989]; and Gardner et al., [Fertil. Steril.
69: 84, 1998].

It will be appreciated that commercially available stem cells can also be used
with this aspect of the present invention. Human ES cells can be purchased from the

NIH human embryonic stem cells registry (http://escr.nih.gov). Non-limiting
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preferably, at least 0.07 ng/m, nore preferably, at

| east 0.08 ng/m, nore preferably, at |east 0.09
wogiomo263sdre preferably, at least 0.1 ng/m, nRCEIL2006/000998

preferably, at least 0.11 ng/m, even nore preferably,

at least 0.12 ng/m.Preferably, TGFb3 which is

included in the culture meg'gum of this aspect of the

present invention is providéd at a concentration of at

exllrﬁ?l%g of: c%rr?xg%rmally %ﬁaﬁ?& %ﬁrﬁfrg&h@/ stedt cbBasdes br® BGOTT BGO2,

prefe l east O ,__hore preferably,
BG‘rﬂ3 lBﬁOQt Cy19, @@Bﬁd CY%r(éYb‘r &E@Babd)TE33t least 1 ng/m,

%éfg@?if (iggb{qéY%cells[@ﬁé% rcg? B? gg red q?d'ni? g%@%ﬁo‘%&@bdf%t least

mﬁ@é@s’ JP & tiRs AR Abd )étagéit rﬂo@&&tgaétnﬁaﬂitgi MPriog t€ rultorigy the
prefer ab y, at | east ng Pr ef er abl ﬁé’ %(lgq
blaserystc dhet ednai prilueidntis rdegeﬁ@du [fion ormplg BY Jopeds’s geidicheplution

res t | r C e Th
R ST R LR B, Bty ) e
bldxkSdysis ale Benohilmiedess fvhole aiﬂ;rycmﬁcrreatde&slt nmqomd B0 ngfre than
tissue culture jngredjents, such as InYltro

fowmteapotaysirost bl 108 (.63 PR |1Q the, gastprlatigans e}@@ ingvitro using
les section which
st%'&%ﬁ‘kﬁﬁ}y&ﬁ%%@z&iwﬁﬂgg%ﬁ%g?t ure medi um (e. HA16
or HAG Qelieatt yoepatedciino riled mdmgrdfmggﬁn ks ﬂbth’@,e@r% BF@F)S% of

abggt : %Tt‘%@%ﬁ?‘b% C U| t St G I%T.l?ﬁjmu 'Fét&% gsmg Eflaboqﬁtory
te&ﬁﬁ § khc\f\%ﬁ Yo axéﬂﬂe 1@ieg 'irmhe Q_th:)l“h&\/gélﬁta(l? ﬁﬁ@&ﬁ e dfssociated and

taining in the undifferentiated st

out unuoumll Phurknoubish lsee ﬂﬁfﬁﬁﬂ@h éeﬁaggfsgatéd ihip sebkyrBashamical

- b .

d1§5§8a§ iﬁ%hgilr'—ce@}gng% el g@ Seent %:de%ﬁg? a% %mq{}\%ﬁ tate
madif@. Camebéetis odre nailtntedi MthgddﬂES@lacambﬂiteof medlum until a cell
PO GePSISPROTER g ycellt i OB VB Dol A0 aYS r 14
pa-gg%gec%aéd?ﬁtﬂglaf: el &l "H-%{H(?Hb Qf frBpatatdiP8GinaR EG NRlls see

Invention IS provi at a concentration of at
Slhmﬁiﬂbtt 2t aby/ [Aroc.a¥atl. e‘&&td Scind/Sat95t 43%26,4199§] and UG$. Pat. No.

@iéé 5ng/m, at least 6 ng/m, at least 7 ng, at
6,0 2.8 ng/m, at least 9 ng/m, at least 10 ng/m . As

ment jgmnedssub r&?en? HifsWag bmi’éililétéﬂ Q:fmé baﬁoﬁiﬂﬁﬁéds(ﬁnomem the art
present invention is devoid rotein carri

such ae thospdistlosed baAliser, MRed) Pathplp QA3200(Dapti ép] Cad.dr gt al.,
ol AT 355 AT, FprEesirgsomor

1i4tpt m‘:') 9@55472]3 PotieehCpsotel Mozhs, rR.el. S{Epmheliae stefroeells in vivo.
examnp bum n

1988 di @eﬂrﬁcil chapl. al%d‘%r@)] bﬁ\éhﬁﬁgz ﬁg%g{ag E ﬁ’r&n%ﬁ‘é]s E%ameost
A1g<§ QL g ps. O%SQ?Tglsbapéh%ﬁ rgdgﬁé&w&a{ (0. 81 Pafl®, 4efs6\489] Jones

M €l't he sources their usein hE
Eculet ul. gavribsitis iRitetuad2 @02, bé(tl@]n -318p8001.i Eetelastératceldnean be isolated

and/ or expos 0 pat hogen On, t he,.ot her . hand, . the.
U5 B BN AN R R B grt syl aéﬁh?sg déif%%‘?‘im’%&ﬁw’ Gegman
sandy dpy el g 2608, TRk2 B0 B8Rt N edmhs SDEEL, Proc Natl Acad Sci U
expensive, thus nét comionly used in hESCs cul tures.
smmosalmnms{ssn@@kdrﬁmabhz@&% Nt Dl 9 53-60; and Dekel B, et
al., 2002, J. Am. Soc. Nephrol. 13: 977-90. Hematopoietic stem cells can be isolated
using various methods known in the arts such as those disclosed by "Handbook of

Stem Cells" edit by Robert Lanze, Elsevier Academic Press, 2004, Chapter 54,
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of a protein carrier is highly advantageous since it
enables a truly defined nediumthat can be nmanufacture
w0 e@mozasdbi nant or synthetic materials. |n apdi/1L2006/000998
as nmentioned herei nabove, the culture nmediumof this
aspect of the present invention is also devoid of
serum (i.e., serumfree) or,,serumreplacenent (i.e.,
serum repl acenment-free). 1t should be noted that serum
ppggs)-% E& UDLER 368 Thithctefigatidd dsthdntatomséticc steinucadlsTbgiGerald T
I ch are designed for culturing stemcells, and
Sppngmdcam@Wﬂ}l,aneB‘fSﬁqym c stemcells, in or der to .
provide, the cell.s wi [
\ﬂ Ll b pphtec tlgém Jha alil[ Lig ok 1'3% ﬁﬂ&'ffe?eﬁh ek sﬁate are of a

sim In vivo

d1erﬁﬂﬁbﬁiﬁbfdg9anwlci§Iclbhgf daeﬁﬂgnmbledngrthe/ sidlledsmgthe ad from that
bl ast ocyst of an enbryo or an, adult

bt el FrRGEI0)0F e, WRIcnLy e e el
'ﬁ’l n! fudSl n%c\{rﬁ)gﬂefs (!nlﬁh(géqe roﬂﬁn&f@' FRdlecstP YA e cé@psbt . colony

fé Seru uman $ource (human seru is
fohnaﬁdneebwtly pobely s digndrhatdantellv gmmcabns;ns Additiwalrfeatures of the
conmponent s between indiyi du and the risk of. haV| ng
e TR AR A R R RS

usedype tctlﬁuﬁés ?ne‘afuntl heﬁ:c@i‘a[r% d&f ihike AR STS ke @Pes&htc nva&stion
the currently avail abl e serum repl acenent (tm

copiprizena THFPtisafgem abbgiog devaih of @ramdsargm applacepentapg protein
may be limted by the presence of Al bumax (Bovine
Cag¢'um al bumi n enriched with Iipids) which is from an

& t
Pt okt ‘BObl At 1B TREC VA B S0re. (b Bl e pr ooy of the

tralsFormIit grovath cfabfou hetangi inchudinig KGEPfe. .5 domm Fe@Rms TGFP1,
i soform as descri bed herei nabove and i s devoi

GS@QH}Q Aenspsion Nepl Tﬁﬁé}ﬁgﬁ@ DaAGFR2 (5-&¢ Bpmo éaPlF‘i‘se?G%EZ’ GenBank

I esif.gb | Iz hasgs
Héclg @gjrb(fs@ggi f‘(gﬁgg C ? o g%& @S GhRAY TOKR:, GenBank
Aééérsﬁﬁﬂ'l‘@& NpeleusDio Cﬁiﬂcﬁnfuﬁﬁtuﬂf dgotigh get saran deceptor signaling
cel |l -based conpound deliver Pr ef er apl e.culture
symm mmhgfconwlyf@g?iééltaﬁ@% chﬁ‘érepwé%n@nd ?fﬁ@&@%@qsgn many cell
of ex t he [ [
bR SRR DR R aPAT L el ol REhh Y e
gﬂo%ﬂ“fa&?ﬁpanfibé&dm?%%r%fe}&d %ﬁlﬁidﬁhﬂgs af phel Ipﬁdsemtymwéntlon the

Il's froma single or a ﬁopul ation of stemcells,
TOF@f isofalmywhicl pamludgd dntih eviiure gacdivm «f| the pegsenisingpnfipn is

o e BTy S B B SR B
s&h‘%esﬁcﬁ)gs ﬁ&?g%fs@érhssl\/ﬂ‘ﬂieﬁ Im\]b@SQPt ained froma

single stem depends on the proliferati on capacity
of t he isslewrcil Exaniile 2 pf thd Exanplesosection adiichfopws, the @Fﬁsen‘f

1rgrgllrlqlochl?ag/e t%g? ‘Za!rfq%:srgltﬂﬁlgg o tu{] %@%ﬁ %g%tlaqn g}"(gi? ge(geg, gt%l@?l medium
%Okér&?lﬂk /Ihp T‘di@ ¥ O LG8, géy e U?/,e eurhNehe HAL6

emce malntaln inthe

niéﬂﬁinﬁ be E&HEIAQQ @ﬁed‘&ﬁrﬁt\ﬁléh/\bbrﬁiin IZSngemll TGHpento gusceshidlly culture
unber of passages nultiplied t he days between each

hE'éQS agdnaintyn tharapthe ) m@ﬁe@géﬁ% s@e-i n Exanpl e 2 of
the ﬁ%{,ﬁ,’ ’[f}el%tl v%uch 18 leuded in the culture medium of this aspect of

the present invention is provided at a concentration of at least 0.06 ng/ml, more

preferably, at least 0.07 ng/ml, more preferably, at least 0.08 ng/ml, more preferably,
at least 0.09 ng/ml, more preferably, at least 0.1 ng/ml, more preferably, at least 0.11

ng/ml, even more preferably, at least 0.12 ng/ml.
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foll ows, hESCs could be maintained in the

undifferentiated state in the presence of the D
wa@ebozsas ai ni ng cul ture nmedium for at | east 5BCT/IL2006/000998

passages. G ven that each passage occurs every 4-7

days, the hESCs were maintained for 265 days (i.e.,

6360 hours). G ven that the,hESCs doubling tinme was 36

hours, a single hESC culturéd under these conditions

coul PEGAE ttRe Sdififte (hed®um oF-thié a¥pect of
1052 f‘ %Egg Pr ef‘g?%g%‘%%degﬁgm cel | sevvhef ch are pesto

thergpredeat ie@nton m)pmmdmbl at @ ¢dneewstationr ef aediasih(Sf ng/d, more

PR O 6 ORT P PIOTFE0: 0t DOy HPom Tl &
1e£hl%%(‘93ngﬂﬂl tH6R réi@rdbbﬁ ap[eagtenﬁgngfmafe prefeRiblg -at least 1.2 ng/ml,
contai ni ng nmedium (e CM OO or a TGFb-containin

mazed preferelelyg af Igist 1p ng/mHAmoeg pé@(fmabm et lgastrh6 ng/ml, more

BT APGal) 4 NGBl AR e, soBeasanaes,

I NV ePfefeRably,ahd TGHP-Ehtaihihg dﬂllt&ﬁberﬁbdluf_ﬁNMraSp&a\bé the present
uncovered that a culture medi um which includes t

invergin forther inglndes ethen srowenfstire sish %d?aﬁwa@mphlgstr&mwﬂi factor
(bf?éﬁ.r 'a{éﬁ(tjf gca#nlgé fot)ﬁﬁ t frgﬁle& tﬁ%ﬁ}e@%&k?uﬂpgiff gf %ﬂ?ﬁeo culture

he teac ngs 0
ingAARAh)s sobh adlvitrdged (Idi)pcifalmsrt piotiudtESBand fsldddeN Y, USA.

ggﬂgﬁé )e(lg :%I\&?}tq gtg ch%’l%%ﬂ ﬂ’ﬁt E%ﬁp{:}]pg nsgﬁig o Lgh follows, a
E{LE’M&H@ e g&%d' dﬁlth#nﬂ@% i) é SHABTor 148D @ﬁgﬁl’i}h wHiBl $ncludes

unmphrey R, et a 't eaches away t he present
TGhRpeaid @ng/rﬁ{sbﬂ(ﬂ?)ahm AﬂDCFB gwdasn }-dafed @iltuBamediand(e.g., D1
4a-1 and described in 1 of the, Exanples
o BRmeshiuniviaigh fing W&%TG%B Lch TaFes gopeetivabasd 1Hhng(ml bFGE)

W%%] (i%ﬁg@g rcr)g %Entgla}?glﬂislésgﬁq & uh@%i%felntétgﬁ g[ﬁ@i{ﬂ ncélrltglpé R should

bcs ﬁfentimedphac&lv&ihi AbBaB hﬁﬂiﬁm{\asbasabaﬂtwe Medrmn rwhictlnimgldes a
in the undlfferentlated statef east

T@Eﬁl ar TOEPoivetormndhFGEat aoqon?er(t@ﬂoao ﬂsa%lf»q %Pable of

e ehd

e R i S R 922&?5% S data. ot
sisvayn i n Exanple 1 of the Exanples section V\,hl ch

follows, a nmedi_um contaihnin erum.repl acepent,

nd PRETE ol o0 b upduah o RERBCoRAghE cplirg medium
of H5 AR DERRS Ry MeniObHR TSI B 3 RoCeufratip §f at least 2
n%/u}:l?ﬂrléasitflEﬁg a:tl’leds]t?m %gﬂnég ol keagtes ri@ggidlsraekalabﬁ(edg/nﬂ,l at least 7 ng, at

ifferentiation o passages. In
legst i ng/wh aﬁ%@ Rt Sﬁw%r)w@d. um cont ai ni ng t he
2%65%%%&@' E@%%@%ﬁ SR HAI AP BRRRPEt dffkhb qﬁeséﬁﬁﬁl%ﬁmn is

ited owprollferatlon capaci ty and
dewid ef agtroteén namt éuen,eptrottmn catrietfiee) e Yo pebtdinXarrier refers to a

hu d
pRFFE P e MRBGEoCRRISD BTTRe L e mrale St im0

td thetdaBs U el fuBiRNt S@epkotdiR el @anf&ecf@[r ctaRé, dBegin (e.g.,
culture systemin the presence of a cul ture nedi um

bowine serwonplbugis), tAdbumes Klipel enrioked albupping or plessragpieg(human
P glgs'nlog%e% prst@f%%} %flngehﬁxe% %%?%%S ﬂ%vc?é?f\}eﬁnfr&ﬁe&ﬁlef %uman or

animal sources their use in hESCs cultures is limited by batch-specific variations
and/or exposure to pathogens. On the other hand, the recombinant human albumin,

which is substantially pure and devoid of animal contaminants is highly expensive,
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cul ture nmedi um whi ch conprises an | L6RI L6 chinera,
wherein the culture nediumis capabl e of naintaining
wheovan2esbr yoni c stemcells in an undi fferentiBCBEN2006/000998
state. As used herein the term"IL6RIL6" refers to a
chimeric pol ypeptide which conprises the sol uble
portion of interleukin-6 regeptor (IL-6-R e.g., the
human 1L-6- R as set forth By GenBank Accessi on No.
4 i & Of Thire a2tk Beditu® which is devoid
th@é@%?%%ﬂé’i“%&@%??ﬁ ftdher, Th 2t ffediat which is
of Gprdeinlcakint ésisighly AloantAdidd9 4ihey itanableswetrulytdefinedivediug that
(ILe) (e.qg., . human IL-6 as s forth. GenBank
cahpe %Péﬁ%%ﬁo’@ﬁ(mﬁﬁmcﬁ S%r?t pis IB@‘F’G@F(I y active
fr ag 'aﬁg'tit()tl,eEt@ﬁfen{i&lea- her@inAIRFRPHHR! cubuRdinediueO 8RS aspect of
Prefera 1y, the IL6RIL6 chinera used b%[ t he met hod
thapesend iimgntion ihalso deysd pf sfruh@ ep sedaEntres)rragEUm fenlacement
,capabl e of supporting, the i.ffar ' r
(. aaHmersB g PR Teteemit LY Bl G sePle b AEAU Berlcement
ard h8dddPRS Bdkt 6ARAE iniadia hhioli ble dsigupdrioc calteihgt st odilsnand
constructing the IL6R L6 chinmera the t feglgcti onﬁll .
pagisularlyp soqbiryenic steme cplls ianRrdey fo pervidn ﬁ% cellgnwis the optimal
| Ysi ' o Ofyith{rPAMS lofddnBR koM which th
en? iﬁé@ﬁé&i Sléiqa?gonélgggrgseb@tl%@%?ggf ’ecvcla%en rgg%inng fran‘g) e
cell® agadérivaidherg.,04 bisnjcygaifeah eabtyacbedn adult tissue of a postnatal

b R Xl et e SR B s
sogfbbg(gglt bBnEXBIR & 2 Hintn SurddrPiBbardBstuRdtit Glnfitedl by the

ation as the naturally occurring IL6 and IL6
sigréfieqnt variatioos irescawplcempanenis betbicen indbriuads ans the rigk of having

as set forth.in SEQ 1D NO 31 and_ in &iaur f

56 o8BSy e tran gy erciip b By iy OF aR mdfe defined
conf}feRitiBArsatieds Y eirfenlly dvaflgilenemm teplasembnth® (Gibco-Invitrogen
appreci at ed t hat anﬂ of the proteinaceous factors us

el d
Comoratien.citandrlslapddNOnSA) taey pe disifnd Pnihenpreesics of g’%l,gumax
(Btot}ﬁle:_gggﬁll lafﬁuﬁﬁh M liGhed G ’lipgdgg Wfl]nc-ﬁqg GARnfal source within
reconbl nantly expressed or biochem cally synthesized.
thé Rom@adsitiow (Intedadtional PatemtcRublicativn oo R&E06TS td Rutarks]. et
such as bFGF and TGFb can be purified from bi ol ogi cal
alsanpl es (e.g., from human serum cell cultures) using
et Npds, WelhiniONOgih LR bnfBHOGNE TGRS AUMHACS Yeribed
the proteinaceous Tactors of the present invention
hef€ingbove tahé id dbRid 6 ehimpseaym ceplademepiarfdor pretbinisamigr is highly
st andard sol.id ase techni ques. These nethads include
d@%@blﬁsfwe%@& i‘Efﬁ)lgtP?é% g‘ﬁﬂ’ﬁegf@, plﬁ’a‘i‘inla?e&’ltlc@oll1@“sgp{aseég" for
B ' A ARIBOY oFQREE NERbIs0dhdaBel1-BARE Sdohdound
pso E%?ggasﬁ%é%g%?s} Reconbi nant gx%r%egsi on of the Y
dgbavetyei naceous factors of the present invention (e.g.,

th LORI.L6 ¢hi b t ' . .

 ccoNBIRERY: TR GhdSe LuBno BN Ree LalR,Praipt dpveggion s

cagbble (&%&%M’ﬁ% R Steinncdis ZVHTR) makbdniddGhéd4n (B uddi€fredtiated
. (199 Met hods in Enzynol. 185:60-89, Brisson_ et

state. 49 98t) heginuthe terno “sxpending,” refskaipnebipingg aplurplitysof cells
EMBO .J., 6:307- 1 Zj et :

ot sitele gportfyd (PUHRAIE" AuprbhE e blbyonic stom

celR4eReBalSdt o irfckakiay ted nahber( O3 rydlit steekells ®Bieplthe culturing

period. It will be appreciated that the number of stem cells which can be obtained

from a single stem cell depends on the proliferation capacity of the stem cell. The

proliferation capacity of a stem cell can be calculated by the doubling time of the cell
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6: 559- 565 and Wi ssbach & Wi ssbach, 1988, Methods for

Pl ant Mol ecul ar Bi ol ogy, Academ c Press, NY, Section
wO/Rdor/0243p3 421- 463. Specifically, the IL6RI L6 cPCTHER2806/000998

can be generated as described in PCT publication WO

99/ 02552 to Revel M, et al. and Chebath J,, et al.

1997, which are fully incorporated herein by

reference. For exanple, to generate the |IL6RIL6

(.6 hiRTAe ndedRA! f¥NECLR Qb Iuﬁaergs QUtﬁﬂGt@c givisish tigthie hﬁlture) and the
I'L6RIL6 chinera (e.g., the t|d set forth

peﬁEdgtheD;tm gl cultyrepgast beer @mnyanpng@tt ifigrentiated |state: {whlch is
t
eqtn[vagem.p 0.1 %éﬁlil C{’)er ol#\ﬁ%?s%}%% xﬁﬁﬁlggﬁcg ? géejfwg%lg g%!h ﬁﬁgét %e)
pol )'fﬁ)@%}daﬁ@i@fasc b&sctibed én Exantphe 2I bﬁ Ehd_ G xelples ra):twns which
Folpth TERES SR "aHEE R R GG TGgh SF Bh S gTgeGag te
Dgﬁlt)(#ll!: O[ﬁdg%m%ﬁ%“ Eﬁl Mg rh%‘cﬁulﬁnﬂ)rl a{tGIe%t 532§a§§9§és C @ﬂ/en that each

aryo C host ce re preferably a
@aige'&kcm chagt4-galays,atie hESEs wimamaiehined forCHS dagis! (.., 6360

hq;gg}asé(lgqrgpi%%gﬂ% Ib]gﬁér? | l aggm%g lflga?sg%qe h%mﬁmgglegtflils% cultured
ul BB ﬂ@%ﬁe&'ﬁgﬁf&% e PR e?(?éﬂd@& %o gﬁ@ k€ t&@lé@(l eE937Bl 85%) hESCs.

ne ut are not mted
pc Dl\]kﬁfeiz(b}y e sﬁeﬂ@:lls riaigls ViR Maar)ta1n¢c13g@q-g§12and9®ug heagulture

tg Cytr%s I\’ﬁ*ﬁfp I\ﬁ%tg?lt s@ﬁ%lﬁargotgﬁeg ﬁ&gf%?sg%mhty)

| whﬁé/ '1ﬁ AEeR, P& o R%l'& hEsay adultakideinf ﬂrenpleﬁ@negﬂ an IL6RILG6-

pMoac, pPbac, pBK- \ and pBK- CW whi ch are avail abl e
cdntnnStmetieygeea., VHES) macBGFg -cantaining mediynp f¢-g., D1, D2 or

h, .and t r der Lve vect
R bl el SSRGS RSB
suchyasgle fih&\bd the PhedRft iakEMionse Practivé,Ghy @ﬁaﬁsaitSnventors
i ncl ude pSVT7 and pMr2. Vectors, derived fraom

P S5 g e {rsiibs Sty dgalso
ste ¢
oo BT S RS 6L R8s g s
ccﬂM%M’l@DtHé tehxeitng sovf Hluﬁmh%VE,, crud., W@tWﬂacb \feitedoto maintain
al | om ng expressi.on of proteins unde l,rection o
HEHGS By IHOmRRHP DR BHOLE WOy 358l TE SRR gL GPmPIE afl thus
c&ﬁilﬁieh hfi R CONIBFapofEY e hIRARBISCst i BIA Y iifidépendent.
ronoter, Rous sarcona virus pronoter, polyhedrin

Thus;) Hmhqﬂue}dk et 4124049 mmsaw dhanpresdng Ve doTt. or
expression in, eukaryoti I 1s. Vr| o
used?fds SIWD hgufqv? faeﬁ&r S§§| deg?nl?ei%e%pr eseﬂq?1 of

tHenEfé %1@:5‘ sbdticd BARh fotlohs; aSHﬁdﬁréTﬁyéﬁ@ﬂSbaaé(E oged Eﬁ‘bﬁldnhe)ctm or
described in Sambrook et al., Molecular Q oni

langibior eedarylagarfresl maiol ahdsp enlinge mesiws whiglh C%F" yhe KeRILO

York (1989, 1992 :

ot SERan e TR e WP Shas “aBhie: o e Ehine HESCs in the
uRdfeiiBited siie £orl a6 %nst Thaog aeﬁb@hectuﬁnﬂh‘ix)cor@ r(en a laminin
Ther apy, CRC Press, Ann Arbor, M ch. ;&‘(’1995(1) (9[

nyatrix) paBsagesTwhie presesvingrd Ipfisschapgetprigfihand plurip &5 On the

other hand, as is further shown in Example 1 of the Examples section which follows,

a medium containing serum replacement, bFGF and the unconjugated chimera
components, ie., IL-6 (GenBank Accession No. CAG29292) and soluble IL-6
receptor (GenBank Accession No. AAH89410), failed to support hESC prolonged

culture and resulted in differentiation of hESCs within 3-5 passages. In addition,
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M ch. (1995), Vectors: A Survey of Ml ecular C oning
Vectors and Their Uses, Butterworths, Boston Mss.

w@ 1®88)638d G | boa et at. [Biotechni ques 4-(6)PCT/IL2006/000998
504-512, 1986] and include, for exanple, stable or
transient transfection, |ipofection, electroporation
and infection with reconbiqﬁnt viral vectors. In
addition, see U S. Pat. Nos. b5, 464,764 and 5, 487, 992

thSQ{s Rfsleliiy § neaah c¥RanflSht TOPR MR dhHsra ahll 30kGOFefRMement,
cells are cultured under effective conditions, which

inatht cabiséme 0 8F6Epreshibitod low hiodiferatierusaracgy ange could not be

r.econii.nanf | ypeptide (e.qg. ~the. |lL6 ' :
miigeph g e B 1 P T e ra RHIREAL: for the
firkmé SRAAEITEHan P LMRERE l28& niatntgint® ol te undifferqulintedestate in a

“recovery of the reconbi nant pol ypeptide" used _herein

feedeidayer fige culiire sy4iery i Hie RiBEINES phe FRlra MedpRdichqomprises

C I ni t he pol ypepti de and need not inply
thg@@?ﬁ?%ﬁ@?ﬂ%?eps of separation or purification. Thus,

pol ypiap! hetesding td Astipr asgmnt of thegpreseahinvantidyethprer is foresdded a

using a varjety of st anchadrgp% t.ein ri f.i&gti P[n dium i
cultgghwediyaswhich samprsesgd LABILG ¢HmERY WOGTeUL ;P medium 1S
ca?lg'l?lg R OatA ’hu"Erfr%g Sﬁdgﬁfkﬁﬁg SemiVe058] A0NRRRrentiated state.

tration, elect resis, hydrophobic interaction |
chr oAmtusat herkin, thgetbrnf i“T GRELIGS refehy tonatcbignerpshpolypeniide sehich

B T DR N, e

R RQls¥PRph HeGA{BInk A REQSEHTNO! AVETEI400) (efs.Ja portidf of the soluble
IL6RIL6 chinera) is preferably retrieved i

d .
IL6s evsplars Balsel fonth &y aming agids JdedShepk ﬁ?lnﬁ%lé Afiressin No.
n t H | ... t .
AT P XA ia R 8, Bl Y A1 1500 BEnpon
AbEREEBA INY) CRGR9292) be alli6REically hitiver friction thedeof ¢.qi ageceptor

the human enbryonic stemcells.in an di fferenti at eq.
bisgliealome TG, dhe LRI Sieimor 1opd U emeid gagprding to
' ' idi i | ' iffefentiated
OfERFELDES 0 IS5l i BoSPIOTp el v i
grog/tivof afimth embhERid SemicHsrehibnmbingaining éhgir plusipgiegt capacity.

s e B L DGl B Bncon
pHBOHOTYPE tRNGLE! dhbli ROLERDFRRAR Bey diragilyeVisden@qd Byached or

the formation of enbryoid bodi es (EBs)_ which express
tramelationslly fusefl) i.¢ hensedediby potingle gppmreadingsirame) to each other or

Pr.ef er apl t.he | LGRLL6 ' . Whi chui s:. i ed.j .
T
1ihlE8FR NPic@dtably, MEQVERHG eHimeric pobgaptidet dxibitsfa similieasbunt and
25 ng/nl, at |east 50 ng/m, at |east 189 ng/ m,
pyjteet of alspesylationias fornasalln geowrting e anddbpyecegior| Eggexample,
t : Fptid. i
o PREITgRb ARt ol koA hgpblg acRRaRrT ks an o wo
9900 53 tod eviehBl. cdtiahpwhich profuily émptorpterated hewewi greiference.
synt hesj s or recogﬁ)i nant eg ressji on and .t hos

ski | [tswillbe appreggt : glragala%ﬁ .eéargtpmga?qygtf?c‘j@r.s%gé in the culture
nRBRnTBE aRQRESRAE hhRSh ESPERLIRERATS SGHR L WFGE TGFB., TGFB3)

can be recombinantly expressed or biochemically synthesized. In addition, naturally

occurring proteinaceous factors such as bFGF and TGFP can be purified from

biological samples (e.g., from human serum, cell cultures) using methods well known

in the art.
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Preferably, the IL6RIL6-containing culture nmedi um of

this aspect of the present invention includes at |east
wQ200hm3shbFG-, at |east 3 ng/nml, at |east 4 ngPei/1L2a46/000998

least 5 ng/m, at least 6 ng/m, at least 7 ng, at

least 8 ng/m, at least 9 ng/m, at least 10 ng/m

bFGF. For exanple, as sho in Exanple 1 of the

Exanpl es section which follows, a culture nedi um which

i nc F&glémfcapg {i¥he 8 6F tid Eﬂﬁelﬂédebusl%tdil/omm@fprdsbﬁ invention
I L6 chimera was capa

le of maintaining hESCs in an
(e.g thef HOREDG chitmsta)stantbe neoﬁonaed PEEL ﬁtanéarsaﬁgg%gb%se taghniques.
ment Rl L6- I :
Thﬂ&@%ﬁ%ﬂgﬁjh}chl é‘ﬁ‘ﬁ"lslé’e foﬁg %@ﬁée r@gﬁﬁleg*é ééfglglcﬁﬁg syhnthems
mét%ds%@gmaﬁ béhﬁ%ﬂsﬁﬁihlaﬁdmh@haﬂenmnbn syithedioul d be not ed
that such a culture nedjumcan al so.inclu n%
(e g{ecorgbmﬁma@mﬁ@ﬁ of dhe, pjotsIARCEAUT G TOTY ijﬁ’ﬁw resent invention
(e .gh gﬁle? &) en{s %foEaJ{Tﬁé %Ex%r&e@ ESiES rbEbrebihid tEchinfyel 8uch as

State serum or serum
def@{ded teNBitler whabh(l@ﬂ%) Methadd éd Enzymiob 1338 16-249n tShudierngf al.

58 TR B AP0 iRl 0, AR Nl 051

t l7e83h7-501 3¢ o@zg. et ab (T eBMBatJ 6ri671-
T&%%&é&%ggsgmwﬁﬁ? JI east 20 0/0 at G a (t%;g % o 1 (?tll Biol.

16862BtogB @t %b., (AP84)r Fratrice @2¢: 8&&&%&?@?& PS/alnﬂ|9§6) Mo

o REO LR el R RS Y o Tl ity

ASHERY PreBE N Y ns&fuohgwmf a;@pmm@r Speifivallyetie ILﬁRHLﬁ phlmera
IS prerera evol 0] seru ac

candis fomeatss dsepdeingiC gehazen) WG DAL R Bl et al

arg (B, BPAC Hlob ! Sl mgﬁic%h%o@&gd hEreRIATRESSnce. and

anpl'es’ section ol l ows. Thus, any of
t he Eoil dxangleyedi @ndmﬂa: i HBRIE6 edhirabioy @, paljiusheogidle sequence

based on_t he TCGEb isofor or the 116 hi
engp BB ke TG eumtpora 2 PO HRILE SaeFr Y, SRnp. Noa i
pr%%égy ?%5@&1 B VR Ghc 1a8idNd Bbirict Suithisie Ifer é}@fressid)lnt ird hest cell

r applications such as cell-based therapy and
[ifeqra aellen iwhitth thegredymeleotids emodilrrgdth@mowe ptdesof-choice (e.g., the

TR B S i S0 D BRE L P B s

a&i&m ia6ld Phtt& oMl dosyaamors &7 oihthé rrﬁﬁl)allwmnmglﬂiﬁmndaﬂﬁ-& the
e., xeno-free f eeder | ayers f eeder

hq)@yehl efoploypd aha epk@y@tpcnh@sé,cp SPOTE prg?eralﬂy atrg?rp[mahan host cell
er fr capabl e of maintaining stem
Sl.tcg Laf 2)r gﬁ@f (yeﬁz . g

" &7 Un ntiated state. As nentioned
her eFdSla@Qﬂ&sﬁiﬁdindﬁsmmmem celts ExanpHes céllshmyn2ndiEKH93 cells
Exanpl es section which foll ovvs the present | nvent o

(REGG' GREOVSTDY 2 MAMOSE aify BRmeliah PSR hsTiohy dsed
Eﬁ&-‘g egenlcﬁldgarballi’em%xﬁ@f‘dlﬁﬁlté@'tﬁg HDNAS, theenead. u@w/l)nngm

a describ her ei nabove and be mai ntai ned in the
pBesHViH(el-gnipSat Bt2st piplatyj | BEF/myelsiytasr @CMWimyc/cyto, pCR3.1,

p%&}&gﬁ?,l lS%Z%ﬁeﬁglﬁ%g dﬂl\h\ldw ’a ]lef\l/Floéﬁ? th\&ﬁ[Tg {],ewfﬁ%ﬁ 8 bvailable from
Invitrogen, pCI which is available from Promega, pMbac, pPbac, pBK-RSV and
pBK-CMV which are available from Strategene, pTRES which is available from
Clontech, and their derivatives.

Expression vectors containing regulatory elements from eukaryotic viruses
such as retroviruses can be also used. SV40 vectors include pSVT7 and pMT2.

Vectors derived from bovine papilloma virus include pBV-IMTHA, and vectors
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provided a cell culture which conprises the stem cel
and any of the culture nedia described herei nabove,
wobirmd3ie cul ture nediumis capabl e of mai nt aPEi/Ng006/000998
said stemcells in an undifferentiated state.
According to still an additional aspect of the present
invention there is provi deg a net hod of expandi ng and
mai ntai ning stemcells in R undifferentiated state.

denve% ﬂ%{l rtﬁ%teﬁr? &f ViaRtia u@é’ gHEBU‘ ah8$208e Gih&rexesipldy vBctors

e cu ture me escri bed” herei nabove,

mdhttter IO G XEvion oAy apMijJOM ai pVIAY/ e, sha@m%m $DSYE, and
th di ff tiated stat |t
any ofhe 4850t T e eaprstoae iy e BE SRRyt fhe sv-a0

31?\#] %‘ﬁ‘ﬁtﬁ@tef JELELN ?Hrﬁot@f‘ tifetall GtBiohbih promdted E‘hiunde Asdrhiyary
prémotes cel I survival and proli fer ation but

turhomivires pickiadere Rola saTepma TWivE dapmgter. spokyhedrin Prowatett §F other

en bout 3, 000, 000
pr?:“é?tﬁgs/sﬁe i itb ﬁtévéacf% r ?’?p%\g\nssﬁ% he aﬁg?tgdg%é? ed that
al t h{tulilﬁ)lils &idgﬂﬂéig <hE lez lusdd‘Blpa{md)dme thoef equjramone)lebis'r af ‘f}rle present
usual |y seeded, small clusters al.so be. used. . To
mwmngn tta, hoshedfivrTuch anefbads ¥ eeasi W 48%iPeh sﬁ@bﬁo\‘}k ot al,

Ll!ll (ﬁﬁ&%n% Zﬁelﬂfofﬁﬁrg %(ag%?@oﬁf SPHasd PlatRR I(abfatory, New

es section which foll ows)
Y(br’ﬁ (11 essm 1@az)edn Hakobed et tbnCuméntPrbwcolsan delptdarBiplogy, John

di h
wlee g Naes datipere Kb (oRhCchipe s Fompib Righe R cre
Prﬁ%"‘@ﬁlﬁ 'ArbBE 3%eh 83 995 )3 er?is 8hall, Gene qra@gduaggem RiggseAsin Arbor

cause cel fer entl ati on. ment i OneTt(i1
Miwdhf QIQQS),sNemoaeIA §umy bk I\éqlpware@lcmmg degiors ang |1beg Uses,

eGP B R TR e 52
19881 Mnd"Bhdllde, fef ekanple astable Urs ttansientt cbramtﬁecﬁoﬂ; hipofection,

stemcel |l s can_adhere_and whj ch %%grefore Us
cleipgptation e Halceem VAl HEARBIRENY YiFd s 14 additipn, see US.

pa%%bss 44B43n 4'8'7’9t9%>f&15[5[b§m Lo éﬁv%'s%l%cﬁéfﬁﬁﬁﬂl%h!;lﬂ ar

nponents to s can attach and thus
| t pflfam;fdﬁﬁediceﬂ;ls iateahil@reubnder effetives coaditonspahichalliogt foy the

suitabl e use mnt ent i nvent.i are
CPRTRBCT ek ARG o @lﬁp@ﬁ%ﬁ o PPUBEPHIR0 5 o DL GRILS

CHIRERN 2HR 1B WirkeXd pAGIBlekHRE RS I Kulﬁﬁmmt)s of ki@t reb@hBinant
part “of adhesi on nol ecul e receptor I'i gand coupl

Pdgwﬁﬁﬁdglibﬁﬁ@t@x abisl ﬁga@;"rmﬁvmmfet erErcombEAnhAplY Helg‘é’ﬁ" used
hqr%\l}g y hg(ﬁlﬁlggltl ﬁp]lo 5%1itrrtelr§at%§ (ﬁurﬁ oﬁtE xg)ﬁl,é%%ggf?ude

arl PEeR! 'nBt nﬁplp had1g6idl BiepP bPécpagtive aﬂpmeﬂirtaaonu n, heparan
sulfate, and the |like, alone or in vari

conmbThis, polypeptidss ef therageat @V@@?‘Fﬂ @AM ou%&ﬁ Upjnge variety of
St§ uci&r(g :plggf% &ﬂgﬂftcétg&)fs i8S 584 abNBulMBof | H(mit§d to, affinity

erived froma human source or synt hesi zed

cmsmwgf@ﬁgm‘o islanexdiaapni qhesnatGeraphyyat filireten, i nfdbm!xphoresw
for exanmpl e, human-derived fi brlg,rtl Ctl n, ecorrb

hydrpphabic tm‘ﬁracﬁ%‘eﬁm‘ﬁ@?@g@ﬂh}”aﬁ? ratfogr R ograp reverse
plfxa{sg AhbAstoefBhy. YoRfangvaianih %Bi‘dinatography, chromatofocusmg and

differential solubilization.

The polypeptide of the present invention (e.g., the IL6RIL6 chimera) is
preferably retrieved in "substantially pure" form. As used herein, the phrase

"substantially pure" refers to a purity that allows for the effective use of the
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fibronectin matri x which can be obtained from Si gma
St. Louis, MO, USA or can be produced using known
wo e@aokizsant DNA t echnol ogy. Preferred matri ceBCDIL2066000998
present invention are fibronectin derived matrices.
Thus, stemcells cultured using the teachings of the
present invention can be ex&anded while maintaining in
the undifferentiated state.”'For exanple, as described
polgb F@i@é"’@f theZprefent Iilﬁveﬁﬁ@{m ? Stl%eﬁ%lﬁl% MRirfidtaf Bl h@WRaining the
cul turing of hESCs on in the resence
htmamqm@rm@ sf@r_smeéls i mgum;ffcnqn@at atat@rwlmma cDﬁHWedl um

b p s s i RS S0 RERads e R E o1 SR A i seption
whible fHIESE, dlqubdhuﬂgsdppmensed%m ahy $0@BE 300 al"glrﬁlaéﬁﬁ@ IDGRIL6
Qccurs ev Alternatively, as_is shown in

chupeygegabl siﬂae prgkpnge% refturing of HiREs ia the yediffsesatiatd state for at
le@f@ a%sefk@leg Vgna g{m atﬁ?lglﬁd‘f tl&a?}%éﬁ/@%%@%@l tpgygﬁﬁ QRhekt] [as

evpdreesahby nhwﬁmnatlsn ()f embryolliyodign (EBYOIGYh ekprespmaders of all
| nve tors have %qﬁ]ggover ed that human ESCs can be

GEFG ST ension culture devoid of substrate

ad hel’r@ﬁ%lﬁ Nfe AS6IM GNeHiRBrabOhitR i hrithdRd ih Bhd Efture medium of
undi fferentiated, pluripotent state. As used herein

thtsh’épfl@h phthe prgﬁ@@ﬁo@ﬁ@mm ig pravided"at psboeantiation oty least 85 ng/ml,

O SRRl 1 B ARG o o

300uigtfmr eIt shouldhBe nmeaelmatt tlhdbbﬁﬁéﬂt@ﬁoh of Y BRUL®OEhimera can vary
ubstrate adherence" ich the stemcells (e.g

dope N2 e the, paElye 0b 1t %)@bﬁ%}% golwperitie follomdng ritse Strishesis or
| f
reSoththAR exigkfg%ﬁ%ﬁ G o?§klﬁ9@Q@§g§§gr8 aEé?lE ﬁ)‘é‘%@i&é i the

mat ri X, ass mecrocarrier or
optindal umrwm'ratlcm depepbing bosudupuritly.e devoi d of substrate

adh cap b nded. for ai |eas es in

Fhe TR g TARIHA RARNSE cOltwr metial oF PonfiErear the
prédeHt inROkRIN inSluaéLat (E6EN R An oI Al Bdadt ?ﬁ%/nﬁhé’tw@ast AVMOBAL, at

cul tured according to thé teachings of resent

legsh§ gxglmb at legﬁteﬁmgz’eﬂ,l at gmw? ngi & leash Btngfreld at baaeteﬁ ng/mlat least

L S5ERBILSP 00T ELL LSDEBLTR TR i

fofl&ﬁs,@«ﬁﬂﬂﬂf&ﬁme@iﬁfrpﬁﬁicﬁ Qh(ﬂ@des /A bFOF Al éhgOwith 380 %E@erbf the
in Flagres la-f, 5a-d and 9a- and/ or detection of

ILERY-Qolpmers asrapable of mariainipgiREs Csiiner andifisrentinted state for at

I é.gpg_l' gls%gl .tl ated state using i mmunol ogi cal techni ques
esucﬁ)a %gow cytonmetry for nenbrane-bound narkers,

i mMmukomiestiasdethedLORIIG-comamingf dultoreamedinmeddsonibed in Example
nd enzynmatic

e el lylar and intracel |yl ar markers y
1 G 5, Septien it RH G i aer i R RGemG, T Should be
no@éﬁatﬁ'ﬁtl $ich h'mﬁﬁ&flhétﬁﬁﬁ%ﬁ REB iRTROYRE ((9 §§ﬁ§ aSMirhat &fum)

according to the nethod of this aspect e present

instende rmtfi serunevisplasemeite apsl pryets sinainteid HES@$ in culture in the
undfRIG R RRC statltlec Thus, serum or serum replacement which are included in the
IL6RIL-containing culture medium of this aspect of the present invention can be
provided at various concentrations, such as a concentration of at least 10 %, e.g., a

concentration of at least 15 %, at least 20 %, at least 25 % or at least 30 %.
Alternatively and currently more preferred, in order to achieve more defined
culture conditions of the hESCs, the IL6RIL6-containing culture medium of this

aspect of the present invention is preferably devoid of serum or serum replacement.
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enbryoni c antigen (SSEA) 4, the tunour-rejecting

antigen (TRA)-1-60 and TRA-1- 8 1 (Figures 3a-c, 6a-c
w@eeh782636) . Additionally, the |level of transcrP@L/B.2006/000998

specific undifferentiation markers (e.g., Cct 4,

Nanog, Sox2, Rexl, Cx43, FG4) or differentiation

mar kers (e.g., albumn, glucagons, a-cardiac actin,

b-gl obul in, FIkI, ACLl33 and®neur of i | anent) can be
A 6k 8Gkiade %%hﬁgﬁ%ms§ Ll GeNREGUES caHeb B HAGUR00 culture

anal'ysis®(as own I n Figures 4a-I and 10a-d) and/or
meJiA descibed i Eyanapled 3 siid4 oDetedixaimplesi soetiapf wikish éadlaws.

of  AAkaY e gROSHAER RAeehor e o Pl B i R Sn the

‘ TWf&ﬁl of lihes ITRRIE 68dHiRkaNBreBdifS RIFatha SRstGinkY h twell-defined,
|1 C

can be detected by fiXing the cells with 4
xefipdreafl oultat deegiien awiickleise highlngsuifable fore cviiutieg IRexfs for

applyton: Stea sl oradhetie R BARE R FlahabARipheaR2
i s frfkshabecipno Ret-afothes adifed ofnthe dp®sant bigderition there is

Exanpl e 3 of the Exanpl es section which follows, éfgﬁe
providedrst cilivienmedinneyick dp ataveid of gy H:»aSHBR ke XCN0

of hu . ESCs i o] t o- f gris . .
coBBMEROhG Seror D e B 0y ey ok ehd profein carrer
(i.8G Cpotin gcdrfelyfte)annddgitt icaprble asfpentintehinghestpnesdht in an

invention there is provided a nethod of deriving an
ungiffiprg@iated $ate&m cel | line. The nethod is effected by:

(a) &?trﬁéﬂﬂdﬁgd A SR NRNAG He& P! in Ex@MpRs 1 and 2 of the

pre-inplantation stage blastocyst, post-inplantation
Esingges flctist obichifolowy, dhe pregantiinventors bavemspveicd thapgem cells

BBl PR Y08 AR TR By 2o i

mOGh iR bell ereaiBbYOMEhS hamtsigtd irl the@ndiFfegertated state while in
“deriving" as used herein refers to generating an

cudtupg.yonic stemcell line fromat |east one enbryonic
ste ell. . used_herai " ol .
o B o SRRy SR S8 PRI Bhcnfbf s i

prdeided ededlr @Muge $ihivhl eneprisas greostmadelleanidr anyrofcihs toghture media
cells of a single_organism

. . . (e,9.,.a single hunman, .
desprbadorsyeingbovanehili: therrubipes @ﬁ‘?&%ﬁ’c‘@ @,apagoé% Oﬁwtlﬁaémng said stem

i1 : ' te in culture while maintaining
Cé?ﬁé}l%éflélﬁg%ﬁ%qeg?{g%st ate and the pluripotent )
capadbtordingbtoaistill rp addisomlyaped of ¢l eedsentf poipndon there is

Pyl TrRakac/eroang o penare REL RO 8 Al BRnised

st%@.n B REhb i EFCHI thdcuTREMGdRe KisRW1ls in g of tHe, culiSire media
escri bed herei nabove and in the "General Mterials

desadbdek hereinmbnre| thitsb cukpanding tand BRintiniag hecstemeells in the
kLch follows. Briefly, the zona pellucida is renoved

u‘i‘%'%ﬁeﬁg%t?@}“\é%y- ol d bl astocyst using Tyrode's acidic

sol utuRRrifSia6eRdinSt toL iy asp¥ed of/BAY prdsbet invepimblsasffected by

| ayer is specifically renoved either by imrnos rs%?‘mal and

pletingréhersiem cally gnto simriz 74 2 seld dprsity supich peomotes ce
proliferation but limits differentiation. Typically, a plating density of between about
15,000 cells/cm? and about 3,000,000 cells/cm? is used.

It will be appreciated that although single-cell suspensions of stem cells are
usually seeded, small clusters may also be used. To this end, enzymatic digestion

(such as with type IV collagenase) utilized for cluster disruption (see Examples 1 and
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exposed ICMis either directly cultured in a suitable
culture system (e.g., feeder |ayers, feeder-free
wOorRdo7iox6363 a suspension culture) in the presene€r/uf20eamp0998
of the culture nedia described herei nabove (e.g., the
CM OCF, HA16 or D2 nmedium for 4-10 days (in case a
prei npl antation bl astocyst jys used) or subject to in
vitro inplantation by culturing the ICMfor 6-8 days
2 ¢ft the dl_‘vmrpiesc sdckion ;Whieh fauoi@l-islt&nhhzglsa ®efo3é siefn Gﬂisebég:)ome
0st -1 antati pre-gastrul ation bl astocyst is used),
CO%R‘SG%%% g@Peﬁs% @?‘gﬂﬁrceﬁs %@efa@}raﬁeii SaH? Pipeite guddythategipmps (ie.,
10W0D €811 ah© Pérbi¥R! MYvAiveR Incdurkd SrelhiBS! @Y S1d 1hdecifters which
surface, follow ng which the inplanted cells are
maysansecell differentdatione further cultured on feeder |ayers,

f eeder.- tEIX or a .suspension culture in.the

o8 bAR-TREES i R ORI R S B on s
laybe fiee cahomsy 6esténs ubiig aGivhelFinsted 6f Qrfedder WBHIIAA:. 385 used

described herei nunder. WWen using the genital tissue
hersm, the tepms matRE” grlers ttalany ﬁ%@cag@ whiclsibe istene gellsnrinadhere

. QI e

o O R o BUT0 0F USR] SPRRUFIRIE
maiitx typldally aostatdsesxtracd! tular @dmiponany toofvhich ehe stbinlells oROhigach

cfl sct i bed  her ei.‘%ﬁov? for 4-10 days). Once obtai ned
an ﬁ’gfgﬁ‘/lgﬁeﬁlﬁ é:P_tB:fﬂSlumt%e'i n any of the culture
medpatidamelisarghiy &8 AVGe \tﬁﬂés&h iR drfih %@é&&b@&lé}fmmﬁx

the enbryonic stemcells in the undifferentiate
cogpereats dertvedt frein| hasementemembirad dresxtiapelbdarematrix components

r r Yot cel | _cul ture of the present invention..
e RF% P of (408 b e Gtonihal Fafhes o Horuifiting
exdnggled obdhithblemsteicsy whihakh beaised BRHhe hOth¥d oS aspect of the

preferably at | east 80 0/% nost preferably at | east 85

PreggR AinYRAPR finluds Matigels (Bester Digkingop, WSA4), fseninin, fibronectin,
' . bl j oni: A LL .

P e B S B TR B s omations.

In pesep evhiergycorhplefr alimbbfra¢ cvkburbapemiditionsfard desied] e dbirix is

hgl%lu di.f%{s entiated state whi|e preserving their .

PIor 1"3‘8’&‘1—6 reug At mpan sobfge ok RuNBeEZed e decqipkipant fechpigues.
SudiX aiRkiess SiAcTubeN Wi SBndpR!, | S 3 a i

uDI\/ISO, 1h ESCs were successf Ul ﬁ\ii/ﬁ?r} ggﬂé{]&aﬁr{%%’d@%m?ns{gm

fibronesiin, i humpgyderdeeds daminamd forsskie sfibioblst imatExanpl @ssyhthetic

Exappl gs. tiop. which foll : SCs
a0 ol L5 R LRRRA SRS S5 L 16 R Ran e
produdedutiingreldioavnd esomibaed: TINAI eRISe ! BeRiteli RALRBS of the
capabl e of differentiating into all cell types

{i.e., di ffe !
preggnt fysntion ae fbwenegbinderivedimatriggser s, the ectoderm the

end vi de dinyvitro,.(b
ey S Cetlo IR e Ao Rl BRRE picSend st Yap be
expapdell whits nainthining inBRCandifetentiodd 30€0T Hoiékatpld, € described
in eac&éngs o%@:ﬁ; prlesent, i nvention can be used as a _
SUR &t auRley) sertion evhich fatlews, suleingeokpBECS jon 2
JL7 tped directl,y f he ..
Maff 1™, inHE Bk b AR 1O R BhAUREE ol il LB Pl e
for af lgastI58 passages (89 mkthsP fesulied MRARKpardidabtof acp '8t @)e.aqts X

pndirect]y, vig the formation of enbryoid bodies an
105t)h%ven t al e h\ﬁs% dmfbhng time is 36 hours and that passaging occurs every

4-6 days.

Alternatively, as is shown in Figures 8a-c, 9a-g and 10a-d and is described in

Example 4 of the Examples section which follows and in U.S. provisional application
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subsequent differentiation of cells of the EBs to
| i neage-specific cells. Thus, according to yet an
w@darneasnl aspect of the present invention theCEIL2806/000998
provi ded a nethod of generating enbryoid bodies from
enbryonic stemcells. The nmethod is effected by (a)
culturing the enbryonic steggcells in any of the
cul turenedi a descri bed herei nabove which is capabl e of
NOBG0IS, 79N thberesehy noaitorsSfikih Aag.|28%,i2006)) the present inventors
undi fferenti at ed state, tg th}g‘%ﬁa, obt ai n exrgarided, .
hays dmee wrethtiehhwgan Epfy 67 Be &t n & suspRRpiqipgulture devoid of
subliehE %Jilef}gnée hd %F REGASH beUnsthialRh R tleAlmRiskrG BRI ifuripotent
stemcells to culturing conditions suitable for
statef f erenti ating the enbryonic stemcells to enbryoid

bodi es; thereb nerating t.he enbryoi.d bodi from .

Che Srbrrbi o0 Shea oboatiof B LRt U el 48 Bhich the
emBHBAN Qe BRI 88 susp@idRE $n h AP RBheR Mhebaldhslifiiol diRfice.

conprised of a popul ation of ESCs, extended bl astocyst

cell §h‘€SEB@S‘)““?HWg? ?he preBeny dmicatiofeisrilevaqid of pubstraty agherepce” in
RGOS BAh SSCAIM Eh oS B LORAR oot s

extbaakiubgtritalich s dondonkRs of kektrauslltlar amtrid, a gl rhicrahrrier or
step of EBs formation, ESCs proliferate into snall
bepdgses of cells which then proceed with

diff @ﬁ%qthﬂi‘%tqsgb%ltu#egl i](‘lll{eslfs.g&%ioipﬁﬁﬁfe 8Evoid of substrate adherence

differentia ow n days i1n culture for _
cdnLivenexfasds] for ak topstr 1 Dpassagbs de theaCMI 80F snddsunh endrethintain their

t out.er .| ayer of the. snmal S resul ti in
iyt R Hop VS B ale B SEFHOMHS 5720 days
post yichf &Rl REHQAMg (oCRBRERKINEBST tIRS Sreécdk Mntion, stem cell
Corrgl. ex EBs are characterized by extensive o
grovith &t monitered do defernaige dlpir didferentiationosiaige ritsl ditferentatigygstate

deri ' ' . Ih h ' .
oHEE Y 0T bl Ao M BB i
evaluztion @fg.t fesiowd U Figiedi ba-f]eaed iahé dah)ridiabdstection of the

order to obtain expanded, undifferenti a,téd enbryonic
eXAraTH e | Paitclh ok hiypicalipatiern ook Hie e xpdifigeentiated” state  using

‘ : Contiat . e i@
S  BOGEESE, L0 LG, cOPAASER SOl
immbuhehistochengstel tor oimsmanaflwudss¢rmat foal ¢xtradelivdard and intracellular

differentiatian.inhibitory factor i ch wer.e enpl oyed
Y GO P el B gOesSaY. Regpcieded PR OAT ERECHL 0B Gample,
i ASH lﬁ)res%%ce%ﬁ)lgfémﬁ I@RCst RutedRcdtidtg’ RMMEEHethb@BY this
their feeder cel ayers, feederfree- culturing

agppett efrsth¢ eprgsent tilieentiobr isweaded rihorexpradion rofn@eid, xstagsrspecific

syuspensi Qn ¢ nd are transferred
BHSRERC koS (FORRET, MRROFriiaNRe ShhES Ok Auto0 mad TR
qumg;a'tersi e, SR Eh@ 182! UALdi8ehalls  fRNTevelnel ﬁ&isbﬁFt@ eyfaipdcific
of differentiation-inhibitory factors, essentially as

updiSerentietépn moazkemp (s, 10ct24aMipegorSoxhe Rednfbedd, FGE4) or

affforiBlat Pbesnle po At e R cr sl {otle? SBEPU, g1
AREGB Wil ©8uidfilankét BN eQletdMaN 2R NAURREE tRAKigHesMuch as RT-

20 9%-BSd (Hyd one, Utah, USA), 1InM L-glutamne, 0.1 nM
PERanelysist(aetheamdn Figues 4a-1 and 10a-d) and/or cDNA microarray analysis.

Determination of ES cell differentiation can also be effected via measurements

of alkaline phosphatase activity. Undifferentiated human ES cells have alkaline

phosphatase activity which can be detected by fixing the cells with 4 %
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% non-essential amno acid stock. Mnitoring the

formation of EBs can be effected by norphol ogi cal
wearonaissdons (e.g., histol ogical staining), PCT/IL2006/000998

determ nation of expression of differentiationspecific

markers [e.g., using imunol ogi cal techniques or

RNA- based analysis (e.g., RJ-PCR, cDNA mcroarray) as

shown in Figures 4a-1], essentially as described in

pdrdferrhaldetpide sangleddviepinghined fhe! Vausr RENUSHstAse ki fROMIng to
in Figures 4f-1, cells harvested from EBs according to

mayHaciiner s dnsgrctionsd Vaeipr babasttoriese Burlingame, California,diSA).

exhi i t; k 0 h r,yoni c.gerim | ayer.s,
cucr aa® g Hodntln Mot REB, SR aRRF IR BRandfe ot e
Exomjdeterenfion which folil@ves, et presenbingitbaslvidre aiyshbld dflderiving a new
1.(t i cal Zﬁ{g}%,he enpryoni c_ mesoderm, and AC133 and
g an 1n CRipPYeLS ¥5periEes cufpripg eonditigng diging the TGFB-based
cufiGtOH8diM,. 't Wil be appreciated that in order to
obtain [t neage-specific cells fromthe EBs, cells of
t he 'HBs, eaording ftaiytthar additipret tagsbct of ¢id presdnd@nvention there is

PrBPBRL P AR Goc B SR, 68 cbPRTCs apetiliost iompibed dngfrected
byt T(X)eﬂﬁthﬁmg{]&ﬁ eRBFyonitE SdReSISEER 4 %%e-ﬁﬁpl%gﬂi(ﬁi: gﬂla d blastocyst,

cells of the enbryoid bodies to calturing con I ons

postrimpi@tatigrostags blagpeyist aad/oma genitdl tissuerofaniituspand @ agkuring
L1 | | s; L herehy, generating the .li neagespecific

Pk, S &1y a SORHS ity 1Rabe B RRPTen ety
detikingpthe ambryoaitlstans célpligondi ti ons suitable for

di ff@r entiating and/ or expanding |ineage specific

cel I1e 1P efesiving” s ussfdienain reiArsde gensratingsansypslimonic stem cell
llll%fﬂ)m atfl‘égsqgﬁe ﬁ?hboh@s?r&celf eeder-free matrix or a

suspensi on cu e and a cul ture nedi um which are
sui tAssed hereirt the pidsé Eerabrybait istem el refppdentity&fic stem

ﬁge%“h]i‘é: %el.leéllx' neages derived fromcells of the EBs.
CEND RS SRV EX S 3e§,m%‘f> OF gHOWU P BIRPIYgNIC IR ccEbh el asingle
orgahidnh) 4. o A8 Sihll IR HEB184 R0 SAnd Whith GFAa acFe{r%gcrl B O hitity

of this aspect of the présent invention fu
to j prolifpsate ins suliwen gvhilen swipgaisipgcitid emdidferantiatdd| statengind the

used herein, the phrase "isolating

plﬁpﬁgeé%ggps%@'i fic cells" refers to the enrichment of a

m x @btgioingl &t e0bryohicCéth Scell rdin Gl bleUbipIMAdbrC &thgeS blastooyst,

gtgied m nantly displaying at |east one characteristic
PosfEmpeaniztiog S&@&erbl%ﬁt%cﬁéfcan%(% 3 genitalylissph ehatigtpe can be petformed

e @ i h I L neages.are derived from
i gg ?@E’gi @ﬁﬁgy%n?}g %Jé’r ?ﬁcgéggflgw CTriabpyy aélga’ﬂ?‘pﬁ@, General
Mdtepds cnylt EspaimienpanMettaids ofethes Easiriplerdevtsh fWiaen tibBows.
BeHbr%]gni c endoderm ossepus, cartilaginous, elastic,

IR By U6 LoRR RASMETa & eme¥grbirom g drhdaysold thjastasy st using Tyrode’s

acidR! ttutidiP (Sﬁgﬂﬁ,r KOV ol Mo M?ﬁig{e rtrézpqiog)gagﬁ ﬂ@r@?liy specifically

endot hel i al "and snoot h miscl e | S)F

renp@stedt oipfsi eby dmowinosurgery o fnfeehanitilbt esingr 27y erbdlyOnRing the
exposed ICM is either directly cultured in a suitable culture system (e.g., feeder
layers, feeder-free matrix or a suspension culture) in the presence of any of the culture
media described hereinabove (e.g., the CM100F, HA16 or D2 medium) for 4-10 days
(in case a preimplantation blastocyst is used) or subject to in vitro implantation by
culturing the ICM for 6-8 days (to obtain cells of a 13 day-old blastocyst in case a

post-implantation/pre-gastrulation blastocyst is used) on feeder layers or a feeder-free
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mesoderm and neural, retina and epidermal cells are
derived fromthe enbryonic ectoderm According to one
w@e@eeasexl enbodi ment of the present inventi onPCT/IL2006/000998
isolating is effected by sorting of cells of the EBs
via fluorescence activated cell sorter (FACS). Methods
of isolating EB-derived-di f;erentl ated cells via FACS
anal ysis are known in the att. Accordi ng to one
cullftiRg dystEBwhadLalftve a8 AgERRGAbRYS er' Bl8tGey8OloUh Sik e, following
Trypsin and EDTA (0.025 % and 0.01 % ‘respectively),
whigh s inaplemried colls @neasolb@dumd ogerh@rﬁl(thgs;ultuneqom£$ﬂdat tayers,

f r ed
felfteyiRe P ok Bpirs it St A AROLE ak Ohr 28, B e Ml pedia
dd’éélﬁliedshéf%ﬁl@bov&n(e gerthe ohRI100F, e Hsl6 05 DD mBedip@yidsi described

cell lineage. Faqr exanple, endothF cells are
hereigpndeed N\&eat pBhithy Semitah EsBEAgT d f‘é&% ellie ogepital wideRy, are
: i
dl%%%ged%ndsuc (g gxln'?lzlchl?ﬂﬁég ovsrflggg g%tt &ef@ggflf ggreééted into cells by
madtanhaﬁdssoc{aiﬁ@ﬁSﬂtr;e amglel eddl EG cedhn #hdhdvl pgemed in any of the

cute ey SEREL o PRa o AID BTy S ot al

( Endoh&ebbigineg ahé T hiefuthe Rulttea nn &M yP HieC ot media
cells. Proc. Natl. Acad. Sci. USA. 2002. 99:

desgdhedsgeinabavenuhishoilloty expasision efr thej erabraprig siem rglls in the

fi.sor ly-1 ) j i . as CD34-FI TC,
“Iéfﬁ e‘%%gg%¥?5§§’%&ﬁg§§ E%CH@%&EF’#@{CCU 17- PE,
CD15Pietel4bly,th@séll tulfrd Of tirl preweht infvemtionl ig Characterized by at least
avai | abl e from Phar M ngen, CD133/1-P

AQ % af Jeas 0 Yo aifeatt 0y Mo Bre ablxxabg?ﬁ 7%c%z) mogg, greferably at
1%)86%’ ﬁﬁﬁ;& éﬁ-trgﬁg(a't a%t)ss %V@'uhéfffe?%xftlﬁ%@ fERt ech

out | xati1on) are
anal i zeill b appredi@8dathai( mmstabhshed kinmigponiBi stenScieB s §an be

subfoch i e R Py B RatBeiyne Sfo UGRAVE Faretiy of fhe; colis

inbfe ARALRRNA4BE staftAlhil S flesdromh (gQEéﬂ plueipbtelRcdpréity €For example,
enri ched using magnetical |l y-[ abel ed second anti bodi es

asdin dhovay rethe Exemples aedtion it fllowsnades 1 BRrpid)1 046 DMSO,
h€§¢ow>}‘% ucc%.xfsfllﬁ?‘?J I"rf) 0o Heawst @l -, (Hematopoietic

orm ng -ce errved from human enbryoni c stem

cel | s iPslakvn hiaFigureé\(Z'&Qi arfiCis. debltbed 26 WxantPlés 1, 2 and 4 of the
10716-10721) . . Accordin 0 yet an additi onal pr eferred
Exarples sastion phichrell ®Wé§l%r$lcs| Welhwebﬁwexnagéﬁda%n daalrlgamed in any

offtgelecéu?ﬂréokc?dl ‘Eé}@{%&?'he%%o%' 88 ﬁfu b tﬁi %.te.'t, ﬁé&fﬁﬁle of

or tissue- e structures contai
difBsenkiatingeinsngdl &ll typedt ofithe tiueajemlxyomytgeﬂn tagersdp the ectoderm, the

isqlated, from EBs as di s¢cl din Pat . I . .
ensioder 2y Hesosemyas gyide %Véfyo leatheéa Hazrt%ﬁ%f EBY and in

vibb e@? Nihe | AVRAIALRF %ﬁt&ﬁé&ﬁSf %ﬁ@dhES?CQ hRlided- 5&612&& to the
es or chanber slides and aré allowed to attach and

teda:lfnﬁ@r ofit that pres@poinvantioustap bonusec tab ng girges fonrgenbrating

d f i ff t
AR et SRS e, uth I oF e Biliecifectly, g the
ESOSR Ribj&bting \¥he AESCS b MRiousn @ffe@ﬁt&tloﬁeb@ﬁal@ re@.g., cytokines,

di ssoci ated using Col | agenase B
hormones, growth factors) or indirectly, via the formation of embryoid bodies and the

subsequent differentiation of cells of the EBs to lineage-specific cells.
Thus, according to yet an additional aspect of the present invention there is
provided a method of generating embryoid bodies from embryonic stem cells. The

method is effected by (a) culturing the embryonic stem cells in any of the culture
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di gestion for 60-120 m nutes at 37 C, depending on the
Col | agenase activity. Dissociated cells are then

wo e®aspsstled in a differentiati on KB nedi um ( SBCTVI26E/000998
30 MM K2HPO4, 5 nM MgSOX4, 1nM EGTA, 5 nM creatine, 20
nmM gl ucose, 2 mM Na ATP, 5 nM pyruvate, and 20 nM
taurine, buffered to pH 7.4, Maltsev et al., Grec.
Res. 75:233, 1994) and incubated at 37 C for 15-30

medid descEibkd dwsiaimpboive sduclais capablel dfismaintaisingdbel embiryonic stem

chanber sl.i.des. an [ tur in the.differentiation .
cell§ 1 B RO AR Saleghh Sherby Rt piaBhddlh i Apntiatea
emBR@it Rebm AEIEPAHNB) bebjsdtink! thaRkxpalicl] onBffelRheited eifbryonic

enbodi ment _of the present invention, isolating is
stene pellscio egltaging cozjdsidensrigitelle fepliffergniatingdhe ambgionisstem cells

o . . o
to ol Bk ANEEEE Yo RIS Re i Blo ¥y S stom
cells.s a non-limting description of a nunber of
procedures and approaches for .inducing differentiatjon
of ABd5ed BiTiBads ygtéaé?f ?eeﬂz%?lris boGe evieer & magolgwal
stru ?esoéor{lﬁgﬁegr@ﬁﬁ%o u[h‘{i%m 6f0ESC$,g?xtg§dlégat aRb&fstcefl§ TEBCs)

our day EBs ‘are cul tured ays 1n tissue
andtou | ¢mingonic dees ¢alls| @iGsy vDONEIMbEYVE 2nderdonandiffaréntiatiog) nEBs

formafhcsy ipfete? Rl e e 1 Oh LTS AP PR ASRIPSRisd riprs from ES
celldaRb@Rs.  thetfirdt step HIXEs foMB&tbn, PECs pedlife@dts ikImalllh@sses of

resul tant neural precursors can be further . L
cells vdnep thent edcaed yehakifferentipbional Incip | fiysy phage \wd differeptiation,
ol irB 1 Adays thchlurd R tnfBAHRLCH LIRYLALA RGNS is formed

partici pate i n nmanmal i an braih vel opnment. Proc.
on thatoliter Ap@el of el smallSAassO¥ksultidd A9 <Pl Bs™1. tInwhé kedo@d phase,

appreciated that prior to their transplantatjon, the
foﬂﬁ@mga%@@ #é&?%%ﬂﬁ%{?@lwppsqompé%%rﬁlda&er Fifchy Gamplex BBs

are %lill\eggét&ife%lﬂyo %%ﬁiﬂ&éﬁtkﬁoh ¢ cDHBSRRE Qn@fne%)d%rﬁ{%l_ cells and

DNase. EBs e present 1 nvention can differentiate
derivatied tisyoekendr ocyt es and nyelinate cells by culruring

the.cel ],s i dified SATO medium.i.e., | M wi,t h .
bouTRS: 18 AP Bt s p iRy (et e, BYGH S I butturing

of BSUTE 6f Cardie of tthy ldkiRemetifal HOLALET heRim®ovd 18 Wrlléh to obtain
transferrin, sodiumselenite, an no acids,

expardedotpdiphientiated embirgenjc steur eelisopi tep sublsetingtherepasded,

AR BACiofois R Bonsybi o e PFhe Bscs o
emiityoid®oblizh] SuctMbultukBgFondibhy fro 30ty 3Gid oBditkfdnyiation

. . EBs are dissociated usi ng 0.25 % Trgpsi n/ EDTA (5 mn
inhijitoryAaciprsqyhichrwera emplayed slusing gtep @blee sudpBifisiselosm or the

S cells are plated in flasks containing SATO
IL6§n£td€§%%§gappl enented with 5 % equine serumand 5 %

f etBdr BB fbrif@tdntHeAtSe)s aré ednh@wd Febnd thddyfeeden celllalyeiisefeeder-
the flasks are gently shaken to suspend | oosely .
free HiEFInG §YHens &e-€p Fhen%hrpmgﬁtlamr deyaiain FBEY) 8 SUSRERSipR cultures
r e,r j [ f .
end 3 RERTols BIRRNGH, AU Wt Brosfe; o0 SR medium
contlinigy danolr @cptes raflechmeansaidbeiggdévoid efdiffesskistion-inhibitory

cont ai ni SATO Lum for. additional .t days. . )
factph PG A Coteatbogts Bxeragls’ frr o4 o e Yoemngls spicuarhich
folléW€ ®ok BREmple, a culture medium suitable for EBs formation may include a
basic culture medium (e.g., Ko-DMEM or DMEM/F12) supplemented with 20 %




10

15

20

25

30

partially dissociated and resuspended in SATO nedi um
for cell transplantation, or conpletely dissociated
wa@pe7@2q3at ed i n an ol i gosphere-condi ti oned neRCT/MM2006/000998
which is derived fromthe previous shaking step [Liu,
S. et al., (2000). Enbryonic stemcells differentiate
into oligodendrocytes and myelinate in culture and
after spinal cord transplantation. Proc. Natl. Acad.
FBS¢ (HyCleae, Wiah, TGSAE 6031 L-glEaming 1 oM B—mercaptoethanol, and 1
dlffer LI ation vveek ol d EBs of the present

%rf%\/%gﬁ?l}’ﬁ a‘ﬁwaﬁdaﬁji rred to tissue culture dishes
i ncM&naﬁngDI\{ﬁM FGieliatiBh SUP pﬁﬁm&led)evweﬁecté@ %/3 Wﬁ%rpl%wg%a

L-gl utam ne, 100 units/m penicill
evalyatiops @r@dﬂﬁologwa%tewrxg) dﬁﬁﬂml&t@aldf enpmshmn Qﬁrhfferentlatlon—

0 nhi n rat st fact or
spel A Ge 22 it T SRR S0hnlcRts Gt R ACHinor aBFb S o
RTROR;tdDNA arficivaghy Cl shewel e Fieelsf 420 QEdHMDN RS dSIcBBRd in the
cells: An approach for the rapld anal ysis of even

Exaé’%lF%/%ﬁ‘W‘énW PﬁiPn(?i‘Mﬁt ations in adult mce in vivo. Proc

’e\liggll}llﬁc géj \Aség:l%\&}lﬁ@ Fl?‘;”g% gger re?l% 929 ﬁ%t lfh% %@s%@ordmg to the

method sédS this chspenp| @ﬁ:rtlreg phakit ﬂfvehh@n Githibiteé mtkietsnof Tadl three
ener at e henmat o- | ho d cells fromthe EBs of the
emiyyaug Jerm \axes; SHf: b&g% apfl elpesgon (Eyical pdtthe reapryenic
a8 er e ur, S n
cnd§GBnfETGRENE SURAUTS GRSl BRP AUBSANGE. gl T
mesygen mdntﬁe(hl33 Iénﬂl owvroflatdent aQEFH)f (‘dfpfcﬁb reMtheatentbyonic
tqcael Ig are harvested and di ssociated by gentle
e tion with Col | agenase (0.1 unit/nmy) and Dispase
(0.18 wiNli B¢ #fplecited Al cfi‘&@f' ﬂoacmtﬁnflﬁf%% fffc”@éf Lﬁ‘om the

Roche Ltd, Basel, Switzerl and i thve cel
EBs, <6l 06 dhe, EBs ganrhe fuobas swjecsed dmaultmng b@dw(nmedm)table for

2 and paramagnetic mcrobeads (MItenyi)
hney%é g%e%l Cglh%o goat anti-rat inmunoglobulin as

deslb‘efebe&;d}ly ithe PetiRAdifkthisAdpectbf @le. predehffiveRfi®iPRurther includes

o-l.ynmphoid in _vivo reconstitution potenti al
Stepg&ga éﬂ&“@ﬁﬂ“ggﬁ offbe ey aid badien topulfusingicpnditiens suitablg for

d1ff§tg§f%%kﬁig‘4aﬁ % %&&?@%&e&%ec%&{el@ AEQ%E% g&#eg%t Hzpt‘he lineage-

speqiBF kellscfaom e drobrybusic stent ¢atlBed usi ng a singl e passage

s Bl BRipPuP st A ERG <oian suRDIc EHoiterondating

and/ir fkpaRiid BhdQR s@saﬁ%eﬁ@%@as Qb t&ﬁm&ﬁ&}cﬁf &6 cﬁlhgs%gﬁem

specific cells include various tissue culture
e.8.gfesden celhdaysrs , feedurifiseomiatrjx aniansuspensien @nturehand b keulture

medifl PRl fios A Renain dna R s B ivetss el

linesgedederitved Exparellabd tk EBSr eNbh-fhftiRa %kérﬁb‘l'e@ lof GabA culturing
comiﬁ/l pes and/or cel]l |ineages. Additionally or

PRy 38 frther QESCFlb%b‘ﬁémﬁp‘é@l fic cells can be obtai ned
c ségéf%%%yﬂ lYl}e‘ ﬂgﬁﬁgh '@ tl]i ?spee)ép 91“&1 8 tpg?ﬁlélgtd#lg% gi'turtﬁer includes

condr £rons su
isolatinfpflpveege spatifio meld)s‘ foi;lpe;mg‘ dtep @9l | i neage. I n addition

to the |ineage-s ific primary cultures, EBs_of the
pr A\ fged lqerel%, thép pﬁras 1s%lat1ng ?/ ineage specific cells” refers to the
enrichment of a mixed population of cells in a culture with cells predominantly
displaying at least one characteristic associated with a specific lineage phenotype. It

will be appreciated that all cell lineages are derived from the three embryonic germ
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i nvention can be used to generate |ineage-specific
cell lines which are capable of unlimted expansion in
weeorees3 Cel | |ines of the present invention PERII2606/000998
produced by immortalizing the EBderived cells by
met hods known in the art, including, for exanple,
expressing a telonerase geng in the cells (Wi, W et
al ., 2003. Mol Cell Biol. 23: 2859-2870) or
layees. ¢ Mihisyr fon extimples diepatooytesh amdl HaBEBatlepeelldCite derived from the
retrQV|r roducer cel
e B0sd b 10760, IR R 1t gl dissues

my¥Gteks] Hﬁ@gﬁdﬁp%el'lsf | fon€ Gharfow celig! ‘lfasblhléheS,el%bérﬂhﬁgdendothehal
accord g to the teachings of t he present invention

andrsalwﬁvmu&piedelb) mdfhemaémmettq eils grodidtereniated from embgyonic
h t
i85 ARRLEBL P70 e DAL IR P e

ectddefibe regeneration. Thus, the present invention
envi sages the use of the

ex anded d/or . . ..
di f fAecerdinateans préeersl @40 '1?1? Presenicigypntion, isglagipg is
effeg{%d%&es%ﬁﬂ% qf%gﬁp&]* 1ge Ehg vid ﬂﬁ&kéc@ﬁc@acﬁ'vé@ﬂ den sorter (FACS).

Fequi epl acement therapy. For exanpl e
ol i g\z[dﬁ:mds of yodatingeEBrdedved-differbreiatmleckltsovia rFe%(ES nl;lelb’Slﬁ are

knglf"‘isﬁlglra glgéfrf %ﬁg %hlrﬁlg A %%hoﬂﬁﬁ]é% %%%sa%{e%%ﬁgg élSl-Ii}% 1 golu‘uon of
T%gﬁz an@ BDTIO(0.85196 an@AMIAe:0 eashEctively) R eheg Ruifed %Cf@{al Bovine

be used |n treatnent of bone and cartil age def ects
sefun §FB$ein. phiephaty; B ferabeline (RBEendsingbatedefon pY tie pn dge with

ﬂl&f{fgﬁg‘%@ %%n]ﬁgtanﬂﬁ%(ﬂe u}TEe 41%3%9'&?%?{1 %g&rf?%l %(tl gor gﬂgct&ﬁstlcs

toSdJﬁJ&cﬂIii @HNRlchge. dF@Cdeﬂiplie Ieﬁdd@helﬁﬂ callssaeqsdlated &g metaching an
product is m ssin | ack of the

angﬂsﬁéy piresdertagaingt Eﬂ@sﬁ 34610 gndloghcial if%\ltqdéﬁ%lgn {ﬂeé%ﬂll?sl FECAMI)
0
ul%ﬁ %5 g{\égveﬂggg@é@ﬂ;gaﬁeg @@%@Gﬁgém @giﬁgy?@g 84Xy %;V]Qime from

Plﬁ%l@hl (\F’hﬁirl\mmgers BaceonpDadkérsab | Bio rixinoer, ﬁaedloseo CA, USA) as

N T TR TR ——
st@rﬁRfeﬁQ'%@ Onhd ek cdd0 SR IUREA. H02009es1-439%) ESfentitsgoiatid cells

I's shoul d be mani pul ated to exclude certain genes.
are)nsqlated prsis flooresendy-tdbelidoantibodige rreeh @arCR#-EF FlecePd5-PE,

clgh i, B5LghT oA iz ey CERISRISES SagaEAG, a o

WHEH“[%UlaQrepzi@ﬂQEl@rﬁorﬁyP@iﬁhﬁgb‘ﬁ LD B3$PLEI ([5G1) (avallable from
recombi nation. DNA Res 3 (1996) 73- 50; Bedel I, M

Myléemm rioteq, Awbusid Clbpeindnalyorphasin Abis 41 elaé'alé@fble ‘from

Immu Qec% zlﬁlzé}sh?/ " ﬁf}rt LliVe Iafsh equg\ﬁt gﬂtgg\%gﬁ?&grﬁgsarf %&ed on a

In mce. ment

FAGJSS%) (Eecidn IBdﬁmolﬁgB@rTSménces)J by Lﬁﬂfgepmmdlﬁn i8dide to exclude

I Il a
pceBsuith e the SCLYSIS of e “PEkQPESTo Gy ole will be

;#b%e%&gd $hftPisbidteBCEdIRNGMAbe TBhdr"GHricA8d %@ﬁilg' RafRAehllRHhbeled

or nor nma
second antibodies and magnetic separation columns (MACS, Miltenyi) as described

by Kaufman, D.S. et al., (Hematopoietic colony-forming cells derived from human
embryonic stem cells. Proc. Natl. Acad. Sci. USA. 2001, 98: 10716-10721).
According to yet an additional preferred embodiment of the present invention,

isolating is effected by a mechanical separation of cells, tissues and/or tissue-like

structures contained within the EBs.
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respiration. CGenes Dev 10 (1996) 1751-62]. In addition

to cell replacenent therapy, the |ineage specific
w@eir®2683 t he present invention can al so be utPCT/H2d06/000998

prepare a cDNA library. nRNA is prepared by standard

techni ques fromthe |ineage specific cells and is

further reverse transcribeggsto form cDNA. The cDNA

preparati on can be subtracted with nucl eotides from

enbFyosxatple, béﬂbiga@tdaomydcmm beatdlsted frounEBs ag didclosed in

U5 Bt g o AROD i ictonXt chtlo. Firelzge it B i fhe Bresen
mv%ﬁtkdnfs ar@ brah 16y 00 ﬁ)sg‘a{tld-&}é?&lt ISIQt@s 6PPhARfet SI8dksaRd SFd eﬁﬁﬂved to

actors (such as small ‘nol ecul e drugs, peptides
attgehl andudifferetiges, s;mtmmsly ctagyacting ot whioh ore( ghretvedfrom

duychop B rtntiony R reeARagL Fraritnd ChleeBH e L wbe
corfthihfr@ 18Rt daddi@d B&dild orFIEBS . XRIMP b digdooidtdd @i Collfi@nase B

subst'ances, toxins or potential differentiation
digestmnofer 6220 eninutaseat BY Yhedepeadiont ororhe & allasenase tagtiwity.

dh t.h bout f
Disgiit e Gt 1ty BevDetiai g ShBten R KBUEHAREHE ot ket
30 efM KL eIPRY,E5 ﬁiM MEVE)UiHR BGTA, beoevrtkeaaiapariemnv gmcmgz mM
ordinarily skilled In the art upon exam nation of

Nag A TP cwinfg Drsesntp] &' 2Q/mwuan@ bydleradrip PRHE 4, Maltsry et al Cire.
Re%:,ﬁo%:*ﬂgr?? @dd di Ong ‘{?t ?Q?hgofrpltrsese %: %t\g)zlﬁw%dlssomatmn

celfehrb NRadATinke ERIARY i dad en@ Sulthrdll B dhé @iffdrentiiiah MBedium to
section bel ow finds experimental support in the

gerenate singleacdiompeaies @aNPPESatidger ence is now made to

t he

des (I:Axrcl%xjd \g]ntg gtlﬁéﬁ%%ﬁ%{lalw% elqclac% %ﬁ%@g%n%i{tﬁe h&%erﬁ BRRtion,
isolatif tis a@ecftashy suhyj ecfﬁgeheiEBy to tlff&rmmann tfzaimrs ¢o theeaby induce

herejn and_ the l|.aborator ures u zed in the
dlfﬁ%@ﬂtm p @élﬁ%sdﬁtoi Iieper eﬁ’(ﬁc prgptiat fé erri cal ,

Eeﬁb&a ng9iscal n&H‘Hm‘itﬁ‘f%o ?f@éa?@ﬂbn QA t ﬁﬁﬁ%r%ﬁ%roc%ﬂ&ﬂés and

tec ni ques are thorou [ained in the literature.

app%e&qheﬁ tor induming chffefematgmﬂfdiBGOdmea@e spacificgbldy. at ory

Vo QEUTFBrS Ot B0 RF Hiralr b el B e gE i Bur-

day-ROBBs ardusHBRl f6 5-3b days' faWsk@NéulitEO8ioRa!ifcluding DMEM/F-12
Mol ecul ar Bi ol ogy", John Wley and Sons, Baltinore

meRiny valed megsbipsulpe 5i9ane/ml Arapsigetn, 38n\gsplgaiuppchloride, and 5

o, G5y LS DRYL S oy o, M Bk 5 33102

ThAmwultarameBmD lpchuNem éémrﬁe fuBher &:linsﬁlanwd to (gEtkarate re(mb oalis in
Anal ysi s: Labor at or% Manual Series", Vols. 1-4, Cold
V”’Sp@rﬁﬁﬂ%é? b%tr ak.a b3t r Virprasasratode BPuydly RIecyigews) participate in

I t
mdfELRACHER G5 Rpnapl PAL R CARESTNSALER: Lig0o-14814). 1
wil, l&mpﬁlﬁaiatedcmlat pBlooItogt},hmrAtrmpkanatmn,y thidanelablptecursors are

Val
tryps(,]mllire? ancl trlturated to single-cell suspensions in the presence of 0.1 % DNase.

EBs of the present invention can differentiate to oligodendrocytes and
myelinate cells by culturing the cells in modified SATO medium, i.e., DMEM with
bovine serum albumin (BSA), pyruvate, progesterone, putrescine, thyroxine,
triiodothryonine, insulin, transferrin, sodium selenite, amino acids, neurotrophin 3,

ciliary neurotrophic factor and Hepes (Bottenstein, J. E. & Sato, G. H., 1979, Proc.
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Cellis, J. E., Ed. (1994); "Culture of Animal Cells -
A Manual of Basic Techni que" by Freshney, WI ey-Liss,
WOR2007/02633994) , Third Edition; "Current ProtocoPGI/II2006/000998
I munol ogy" Volunes 1-111 Coligan J. E., Ed. (1994);
Stites et al. (Eds.), "Basic and dinical | mmunology"
(8th Edition), Appleton & 17ange Nor wal k, CT (1994);

M shell and Shiigi (Eds.), "Selected Mt hods
Natloghdad) ei. Mﬁﬂﬁél glﬁrg 17; \ﬁaffﬂ MrfedfilleralidHec®, NNQW Nor 1083

1 t @850
ot o Ol O BRSPS W A DTA
mmsam C?Tanﬁ%ﬂfﬂ?itted td kifgle Rall sud¥ession, 7RkpORR 031183& fl&8d in

850 850, 578; 3,853,987,;. 3,867, 517; 3, 873 5%2)
ﬂasss ounaigsy SATOIncdm supplopenisd it h35 Yopuasserumgag Sopdetal

A, B o Ao Ayt

suspdﬂ!dclcﬁlsélyﬁddhdniry hiellsil(pzarhan]ly' olltgmbadroaytei), ,w}dhda&ﬁoggieﬁgire

nqqg}@g@dhé?rfgjo thg slﬁ @gaﬂigﬁ &9(& %Trg?&o%d]‘;%g]gil)rgg uﬂﬁ] fFgjmary

. oh@%x}xdr%lt%# e tFIRAMREY 10 Rewl flabith cod@dfifls SATODhiddivaedfor

Enzynmes"” | RL Press, (1986), Practi cal
add@irmelk two div. e EollawinGlactoiah @f 6Réaysdn, cuBure phm}wrgﬁ gre either

ods.i.n. Enzyno Vol 317
partiffr 35BS vt 1 SOk i JPASH) fabiifafaon, or
corfi18LRAiSs SRS and>@ Pl HOan @?gc{sﬁﬁéi@-);ondiﬁbﬁé’dﬁiﬁeéiﬁmwmch is
Strategies for Protein Purjficatio

derivied e éha prgvioys shaking sip 1 bitve Py elcdy K%@%E@Fym&ﬁﬁm cells

citelgsr S Doy Ry Y p bk P AR i e spin, cond

tradspla@tagion SBroarath mmado&d WHA 0 63 26- 611311]5 docunment. The
procedures therein are belie e known .
P heFair masiris hacingiateqporeermid BoRsihe mes gy ypion are
traf PR to tshe Eﬁl?urb 'ﬂﬁsﬂé@'ﬁfchﬂﬁhgcBMW%lehﬁeJ@bIénieﬁted with 10

I ncorporated herein by reference.
% mﬁmmmaﬂlgmmRmmsﬁﬁwp@mumemymsUmntomycm 20 %

oG N UL b B SESE TR LA O St

(rSERAPa1, | MY ©f aff F BBOC B Vb iifhgh S Edg@da furickion pf essnicells derived
i nventors have tested vari ous conbi nati ons of gr om

froma@nbrrys)mcagemcﬁqll@mén approaeh Apstheraridanahisient ﬁ‘fen embryonic
letlﬁ ‘[S ?ns o a %iﬁ% l‘nté%g 1vzg3“%? ﬁ%p r{%}g@ '05&1 :‘(Z Qﬂl $186-91 90).

CuRQ{QE]areW@X@nﬁbtl e lelgt lfyofrarfb@erﬁﬁgl RO c¢lbsivagss ﬂasks and replacing

res&gct ively, with inacti vat ed nouse enbryonic
half phhgsnliggedngdizms) in an "hESC basic cul ture mediunt

con 2-3
cor g‘ bmsg:eh&ﬁ aegIeenngaﬁo Y(x@% Q\%M W B}eﬁ%ﬂ]&iﬁge ‘ﬁ‘r%s@ntjiﬁve@tmn
day-oté |EB$patre) enhsfowed tolga%pnnmab%@nﬁnaﬂlsm inshepiesense 0EK,5 %

COgPaglgfﬁ: /OT@S;E};S&;] l}?&o(?l\}%ﬁ aldﬁl\é aH e?ger?%{) rat F&Towmg 15

days of differentiation, cells are harvested and dissociated by gentle digestion with

Collagenase (0.1 unit/mg) and Dispase (0.8 unit/mg), both are available from
F.Hoffman-La Roche Ltd, Basel, Switzerland. CD45-positive cells are isolated using
anti-CD45 monoclonal antibody (mAb) M1/9.3.4.HL.2 and paramagnetic microbeads
(Miltenyi) conjugated to goat anti-rat immunoglobulin as described in Potocnik, A.J.

et al, (Immunology Hemato-lymphoid in vivo reconstitution potential of
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USA). To test various nedia conbi nati ons on

feeder-1layer free culturing systens, hESCs were
wo e@nstasy ed to 50 ng per 10 cnR fibronecti n- cCRUEIR2006/000998

pl ates (human plasma fibronectin, Chem con

International, Temecula CA, USA) in the presence of

the "hESC basic culture nediunt with the foll ow ng

conbi nations of cytokines: (i) "CM6 nediunmt - 0.3
subgépulationt @etiestkirombin (id MiftsehtDitdd &@biybniklsbens @b Poc. Natl.

receptor (both from R&D Systens M nneapolis M, USA);
Agady P S5 1997694 H295 HO309). 6Fbe Gplaiast FEMA-positisg cells can be

. . . RI L6
oo Corich Y Mhingfe Dol Bher AACS Cyh @il o
Revelt ™ill bd glprecBEed | thafNGhd 13ultidivgn cosdidond t uithBR for the
.pg/ m. of the IL6RIL6 chinera, this nediumis, also .
aifieiay e Fre AP &1 A Sopcit hrllspinede various
ﬁgeégzlt b&kRurk MYédid, QS8 WHCPRRS 24itbticTagiith heldandd Me 1%14%%1 it is

It
Cells were passaged every four to six days using
witigjnthe eapphilitwofcaiel skiledas shq @t tedetérmiing whipbreonditions should be

ratiqn, G and.lsl.and. NY. . l1s re frozen

PP ol RS A pariSilh oy b AR oef BiSihes.

consAdditigligfor heHalPMPR) 1{nShgEbeciBlc deflican B obilad by Herectly
. 3/0 SR (Chem con International, Temecula CA,_ USA) and 75
Indpq@Re wdedcendiffgentizigb ESCh g evlatringreonditiong suisabdgpr the

: *J%ﬁ, h ] . 04] . I mrunohi stochem stry -

dl%%( T er eo[rftS gﬁgﬁéﬁ@é@%r own in the feeder-free

cul tlur addityst ¢on thadlitiafé-speifid piiadrg adulltared] FRICbAtHBE present
. usi.ng trypsi n-EDTA fromg14-da ol,g EBs were fixed with
myengoR Gan s, wigr fengrierak linsasebetitg sl dines gikich ary cepable of
unfhdifed bxphsibinlilciens, of the follow ng primary .

anti bodi es: stage-specific enbryonic antigen (SSEA) 1

( SSEXI hnes Df tigspas@y invedtidn ¢8SEAprduced /by itmostaBeng the EB-

.0una, , r.fecognition antigen (TRA) 1-60 and .
kB ool 0 PR 3P bt P AR o Sl asiesing o
telamdraSk dnd iHiaht aclly OFe) W.Q¢ 91326030 Ml QOB 3P 08589870) or

Chemicon International, Temecula CA, USA) were used

Coé%‘lt%% Ehsagalls avith B 353 hph-HOX hlomtigiviralk producakaello (Hpeley,
R.6N& 2 Sh 994, dﬁ%&%’e%ltebp?-lé} al ysi s (G bandi ng) was

perforned on a east 20 cells fromeach sanple, two
sanpt edl beapprediated dmt piney theUumleygedgreifichets bABRI! ligds Mtained

2083%. Kfr ot y.pes re anal yzed and reported according.
acqsci ot feap ey phiie mgsent FveBHOIHaTRasF elAPEE diediffrentiation
prd(‘flf@%ﬂ Gl & tlfo'scs%uralgBoE&{rﬂﬁé\gﬁ Mhe Huflant .‘-5181&{ | L@'c‘&ﬁ be

EBs, one to four cornfl uent |'s were use
furghex uogsl for pimee cqllibasedBerafy30d tiseweerepamapatizah. f r om t hei r

cul tyre di sh using 1 /M type LV coll agenase,
fur illl#‘g?’ g}eoi%fi'?eli“tn?'bvegﬁ%f Iené’fségeﬁs thes "% %g(%? FEPRgded opnd/or
differ@@iated] liricRSe-stREiCAHIT OF 6l lifesSHSRE PRIsOR ihPert®n TR treating a

.petri dishes (G einer,
disorder requiring cell replacement therapy.

For example, oligodendrocyte precursors can be used to treat myelin disorders
(Repair of myelin disease: Strategies and progress in animal models. Molecular
Medicine Today. 1997. pp. 554-561), chondrocytes or mesenchymal cells can be
used in treatment of bone and cartilage defects (U.S. Pat. No. 4,642,120) and cells of
the epithelial lineage can be used in skin regeneration of a wound or burn (U.S. Pat.
No. 5,716,411).
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Fri ckenhausen, Germany). EBs were grown in nmedi um

consi sting of 80 % Ko- DMEMb suppl enented with 20 %
wOo-BBd/otddyCl one, Utah, USA), 1 nM L-gl utan ne, PCUILEZM6/000998

b- mer capt oet hanol, and 1 % non-essential am no acid

stock (all but FBSdfrom G bco Invitrogen Corporation,

Grand Island NY, USA). 10 d?y-ol d EBs were harvested

for RNA isolation and hi stologi cal exam nation. RT PCR

anal §ai sertaid lisrddfy suthiSas seMeticeiséierd MERERNO4 %ﬁ@cigg loene

-15 passages in feeder-free conditions, or from1

1
Pragyet gp dnigsas (e-8n deck of the €ETRszegewnerduch in logstic fibrosis patients
f i i . i St ..

R I BBy ottt Mo bt S8 e i pung disease. 1. R
SacnMaduBs Sopysl 41cTNY)eES Gilar vedsiell € frefprefetably Batkiptiled BBver-

BB iy 68 b el Elptniraimn fofhe moidvbalt wil be

appestatied Bt &} JtRér disdfiaN! @8 BC.84ived i
p(rpsepeat ed cycles 1ro1‘894 C for 303§rg§gn gl’kgfgﬁ.ﬂcé%}éi%agm?%?ted to

exghidg eeraingenas. a tenperature specified in Table 1,
her ehphe .and extension at 72 C f 30 seconds, PCR
ot roraexlfsy B BEHEHEHAF eftsrean decheibd e Piselrin gndor
knbakroat donshectei[shefopwxalpls, PuREHKEIS SVBHE Tkeda, J. E.: Trapping of
si ze-fractionated using 2 % agarose gel

mappalisnpiegioss by Goxiloxsitrepesifgaeeombhinationo Doy Ries M(1996) 73-

i fvihg T tapt,f Tab - RT-P
R oRa i Sheranr s ot pbfP CEPHES St bl s gpfbuman
disgage. glaov]: dBathaiqoey and tésotifves Gon Batkic AGERSHEI AMmMMNPRASs and
pdkihe @ ltlf:%Zﬂlt-gla\CﬁC”'pts' Experimental Results
Rl d ol 292h det WBemmibeRaitbl st Seberer 08 rgLannell, S,
ArtdsQRIL O KGNLITRE 0 2w RING. T BERoSAIR L S AR o li/scrp

suppor t und’i fferentiated proliferation o
regilderera fupisgie c siEp uine peypsheesh myShnationl andris ervguizéd dB6 Mfrmal

. | hi ted for the ability to
re;sp%g%%ﬁr_'?}%tn%gljf%‘éégz!ﬁ@gZﬁ'gﬁe cul ture of hESCs.
| ni Th addision toreel MR BRUERE WRrSpy) HRidea o S TR
abi.lity of the hEng to groap}?n the %e?ﬁer-f‘%gég?thepmsem

invegtien can @lsor bavptilzgdetoy isBare e cBYE Bibrayf frERMA isipiepared by

. . Eum.suppl.epented with the
i ey e R
forbF@GPNas flbenddNA pephladonnsh belisuBRhded iglPRGEbtides from

ndifferentiated feederl ayer free hESC proliferation.
© OPLﬁE‘?{QBfﬁﬁééggmeﬁ cellsqfjundpsiredesppei firitn ie prdung a sebtmcted

cDNQY %ra@’:lgfte@lﬂﬁqﬁ&%ﬁlﬁzhgﬁﬁ?e £pnponents 1L-6 and IL-6
e

sol ubl e receptor fal to support hESC prol onged
cul dbe dingags spesidiict etls jof tith plesers ibveationanfbenE&Cso screen for

1.5 Rl n.3-5 t t.sh . Alth h 70 % of
fecflet Wil SBRRTREE S SRl DRk ePanivcltasiion mgetiniie) o
cordités® (S@hckistdudinge EHditfonk %Wnﬁ’ﬁﬁﬁﬁ&ﬁﬁl{) tﬁaﬂ%ﬂ%%grhk gi?tyf@rgﬁtﬁ)ﬁion

rate was | ow and with each passage the nu
of lingage prasyrspEtastmmel e diféuentiatedacidlist iFon exarmple Lgroneh afffecting

b§§§ i 0 ' ai nin he IL6RIL6 chjnera and.
sobdntes; LIuR TR AR Ehlo i e o tsrensd bEBidditon to
thelcoltuppmaddidmar at i on of cells and failure to maintain the
hESCs beyond 1-2 passages (data not shown). However,
i n nmedi um
As used herein the term “about” refers to + 10 %.
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suppl enented with either 100 ng/m or 300 ng/m
I LBRIL6 chinmera and 4 ng/m bFG-, the hESCs coul d be

W@ eoreed conti nuously in feeder-layer free coPCi/IL200%000998
for at |east 43 passages. hESCs cultured in these
conditions (in the presence of the IL6RIL6 chinera
medi um) mai ntained their E8C features, including
undi fferentiated proliferation, karyotype stability

andAgditienab sthiastsy adyantagest and @aveloferigvdsnef the praseshdaxention
0 | oqy u
ot EBF AR P rgR:OGHGL IR P RBANRRN B of
follbWwirgeexatplssy whithi dte abhigkentied tebe limytarg: fAénhnsndlIyu esch of the
net hods | Xu et al, 2001, 2005; Amt et al
varipys gbediments Angi 3speste Af itha Rrgseab MySPE &y fi%lmeéf&d hereinabove
andf GEAelimb@Via" ttfer RO Wbid 'Eélo@vr $inlib |é%?51rnﬁ¥: 1 'sﬂpport in the
Figures la-f. Interestingly, when culture medi um
follswprg eexamplesd Wit h t he | L6RI L6 chimera and bFGF usi ng
fibronectin as substrate for the feeder-free culture
system the cells differentiated at the periphery of
t he col oni es and for neg¢gramPeiEgr owt h of feeder-1ike
cells (Figure la). In simlar cultures, lamnin did

not Refaenes issnew madef @r'élﬁtfoﬁt)W@ﬁ qBmgiase which tegethenwihrihe
abo@@ ﬁeJEPBﬁ?ee fliﬂsﬁlb 1 HBE L rgt?q%, nfh%iﬂg at%hﬁgsc

i Acons heir 18 supp

undiédepaiBn thieatotbnglanme I‘&sahld:relh lagd efedbisoratotoprodedirésutilized
appears preferabl e spltet formati on of feeder-]like
&Iéq |pgesety rigntion  fcdides melecidas, -higghemiegle émem%eq}?@galorand

fniah rt@(ﬁﬁfcfu%g t §&Hf Hﬁhhé&”a&f thﬁgﬁ%ﬁlé/ Eﬂ;ﬁi&in@@%sthe

Xu et a 2001 Feeder - ee culture
litemturs efies fof exangueé, t"M@lem:m (EinnmgnAdaburatgr}t ManualB lenﬁrook et

o D008 TyieBP Rl Vol B Bhie duKunu R M.

Ed. r(@99mr RhgIbeDéiGa) "@mfr&ﬁm@&@@&s ﬁPMo%cGI%r mﬁs%}ye womlew@se And

col oni es g\éovvn in the feeder | ayer-free culture system

SonsaBaliigosn wlandz(ﬂ?ff%) B«rrbala"wmc@ﬁals@wée %Mﬂe@ulamlwmg ,

snp ST S0 g B L R SRR s

AmneHeannBo gl INegv Galk;f BRicdr & al a(Eds N € GeRhogk eﬂuﬁtf)l'sﬁs |Ai‘\lﬁ.boratory
remaj ned unchan the cells remai ned snal

Maw&i%aﬂe%n XO&&Hr‘g@@é Yorigs Haukordaboratory Rrgss) 5@}1« Yartki @298);

mefﬂb&rﬂ gieg‘ OJsaF’étefo?{he%?r‘g% FPat. Oﬂ%ﬁt Q. dBs08: Musdienbt @%531

ypi cal ‘spaci ng between the tells {Ffgufes
5,19%65 EﬁDSFﬁYQLDSQt i"Gall ddioligynd Laberateas Handbdak”, Velurhest I-111

celfifa”hy S HoS s el Ao Mitwabel Blic Bitaiahe by

Freﬁﬁé? agW‘i’le&-@iéﬁs‘ NRI. Y YEV 1904}, 0ufhifdo Bditolday&urht aPJochbB in
or'1/3, similar to'the splitting rati o enpl oyed

Immmghogyﬁ eVelmaes A Cdighn Jr Bd Edn(198#) Stitdsect @bl(Eds. )A/é‘Besw and

cfiggy B ndbe o s RCTRREE, Al € Y, Aorilie CF (%00
MishkRbird Syiigia{Bds0f, '®eRicted0MEthdds i g CEBul¥e $ﬁinﬁﬁ1@lo]g9" 6w, H.

DMSO, cells were successfully frozen and t hawed The
Fre?tnm Gdcon Newddrark 2/ 1O80% r sailgblet { un@ugwwm are extensively

t u 6 6
csSHREL TR St i o AR L B . oo
3, 791 932 3,839,153; 3,850,752; 3,850,578; 3,853,987, 3,867,517, 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219;
5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M. J., Ed. (1984);

“Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., Eds. (1985);
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or at |east 23 passages - Karyotype analysis by G ensa
bandi ng was carried out on two separate cul tures,

WO e@res@sss i ng the two medi um condi tions: medi uUPECT/IL2006/000998
suppl enented with 4 ng/m bFG- and either 100 ng/m or
300 ng/m I1L6RIL6 chinmera 23 passages after
transferring the cells intqg,the feeder-I|ayer
envi ronnent which is based on fibronectin. At |east 20

"TRBbdrptvVET Mdl TedneliibhOMagReh BsaDR! #rd Miggied ISs X1 Bris.edOB4);
medi um conbi nation. Al exam ned cells were foung to |

"Asigel SieH Giiwel] FrrehoppiBrde Fsk (1886):mmebilwsd ©ells gpd Eapymes

ine d 1 i ' " r
1R} P35S Q2P ReA Barf € RRES K co R TR Dher b BTRI0PH I
"Meupdaid Eniynesegy"asall -8 1destdsmiaPess; TRCRt retocels! 4’ Guide To

Mo Gadich it ABBIPRr Boyatie FrestogIeEHt A A a0, FBtchale et al.,
"Stkﬁ%éﬁ%‘%&‘%{ aPﬁﬁﬁ%ﬁ@h SldVOrafdederiz i daSCsA ILMRatvht Tourse

cultured on fibronectin feeder free
Manubl" GSHIS Psdse (E996) mbll afvehricle arevinediperhted hygeieraice s Hefply set

i um express typical hESC marke of undi f.f.er jate
forfp i, "G Rsnerl{Feiding S s P ) BB UF ot ime
prodairkd eenh aad Bélich&d eLbé Svellaindwaxatha el audiaRgprovided for the

i mmunof | uorescent staining as describhed, el sewhere

colvpisneo of ghe gpaden.oghll the geformaey conigmed; thegeip s dgcqsporated
he f] ctin feeder-free culture systemfor 27

hﬂ%&%@%égéggf%h medi um suppl emented with 100 ng/m or

300 ng/mM of the IL6RIL6 chinera were found to be

strongly positive to surfac rkers TRA-1-60 (Figure
3a) Cct4 (Figure 3b), §§Egﬁ5?§$6ure 3c), and TRA-1-81

(d | . .
e R oML SRR T Al

( datCONTHINTYGrHE Thes 4 6 RRECIERT QB r(BEL GRIdio) GHIMERA

capabl e of . suppor.ting plLuripat hES S .evi dent .

o Tonopiig RFroe cRrRUtR A, RO ORB s i 8 odiuing
sydt&B8 )the prdRentdavkdRP RBV Rbte® ¥h8d\sl Imihatiohe of gtdvah &#dt@s, as

rol'onged culture in feeder |ayer-free conditions was
folgwasm' ned in vitro by the formati on of EBs. Wen

cul tyur 'y ' 7 passages in medium
sup g%&ig{sgg%ﬁﬁ%ﬁ@eﬁﬂléﬁ%&%ﬁsﬂg/ m or 300 ng/mn
| LORBST ediftvre -aHuhiSEabiyoniereknitBal @B%id) dines b6 bhd$8 [Amit &

i Sl 220 Fovesehieh b ool P et SRy, win
il SPAERL Bt oL S IS HPD] B B B, s
comsigtinpssfe’b YoyKbdAVEM, fsupplementad ivath haPksarsmaeplatdment (SR), 2
g g, Bekt v A BRERCRBT f | epentrSbatioh B8R0 gid fipck
o5 BROEGE b 95AoLBECBRcti B8, A pRga S Y

USA).nera, RT-PCR anal ysis was performed using priners

specific to.both differentiation.and.undifferent.iated
cel I'® fest VRS BRYR &Wl%lgnf o8 %gﬁl rlayer freg c_Lu?&rmg systems,

hESCs were transferred to 50 pg per 10 cm® fibronectin-covered plates (human
plasma fibronectin, Chemicon International, Temecula CA, USA) in the presence of
the “hESC basic culture medium” with the following combinations of cytokines:

@) “CM6 medium” - 0.3 ng/ml Interleukin-6 (IL6) and 0.5 ng/ml IL6
soluble receptor (both from R&D Systems Minneapolis MN, USA);
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her ei nabove). As is shown in Figures 4a-1, while
undi fferentiated cells cultured on the fibronectin
w0 e®der63fy ee cul ture system usi ng medi um suppl BCEL20€5/000998
with the IL6RIL6 chinmera expressed undifferentiated
genetic markers such as Oct 4 (Figure 4a), Nanog (data
not shown), Sox2 (Figure 4b), Rexl (Figure 4c), Cx43
(Figure 4d) and FGF4 (Figure 4e) [Bhattacharya et al,
2004(i) céiIL&ﬁ-Halﬁ\gesetp&ﬁ( (L.ORILY) c%’l%iﬂer@’(l; d 5Fasg/mx,prm)sﬁ@/ﬂal, 200
enes_suc S um n_ (Figure 4 an ucagon (Fi gure
) or 1GPnedt o6 LML SRR E AF Eetieilb Gbrny 1992 ABARY0 99107552 to
RG] M L1, SCPIT NO:3 P SRl o ST AT BRI D e,
thix@iGBur( § gov ealk)CmA0.neur of i | ament (NFH, Fi gure 41)

(typical Qf the embryonic ec Al t oget her, these .
res Lﬁlﬁs a(g%'f?étrflﬁgg“{ he?i ‘?fz’i’i‘ﬁ W@ﬁ?oo?ﬂvg‘r%ﬁ {%gra)orauon,
GrRdigamdayedsan. the IL6RIL6 chinera which is suitable

for maintaining hESCs in a pluripotent and
undi ¢4llsrvesie passagedsevgre favn tasik sleprevsing eangial typed Vopdlagmase

[ ectin ed feeden.fr system . .. .
(GHED ikl CHRERTGE AR LR B8, SUBL o i i
nitregdnsysimy € fileezdg sokish lcyndistinglifeld v DMIGEESigmehSEDoWR RO,
Ugggose them to ani mal pat ho&ens. In this st

330 SIS Fteriren Tekratienofomeatla 6 /b LK) med S erMEM
(USSR DORER At

hunelmicerlgstechdmisigr -aUndifferentistat HEIAst growdeirettal feeder-free
oncentratipns.of .t | |6RI L6.chj nera wer.e d for
oo b et 1 SR ratef i Gispsasieq Foa UyRGRELET A o dlay-

BTS00 D SRR ° i

1: 5 Aikiitido @ the following ptinery hmtéediesasisfespeeifichdnBEybnio@atigen

in t |ferate ' retaini ng no | hESC
SIS A PR RS I 95 b 0B, OB S,
tugel tre€cpRition bhes® ¢PRANT1-B0SakRITR A1 -88d((Blelnicon International,

characteristics of ES cells. After prolonged culture
Tegpeculs € 2B SPasandydct4t (fantpel(rased).emfiyised conjugated antibodies

) B eapnsinated by the col.on d,.
(Ul TRl B PR FST Yo B e SR B Sdics ata
1:80frdiatiensrar kers typi cal of undifferentiated primate

ESCs [ Thonmson et al, 1995, 1996, 1998; Reubi noff et
al , "é{mm’e rralysini-t Kerotyppiavalysis) (ubanding) wasepesformed on at
T p ifd.C . f h .
R P APr ra PO LR S BRRG (oo REBLSy bR At
et BIRA03 JasKayntypss wateghabyzed nnd mefdried mesardingeo (o 'nteiiatjonal

SYRARY B P o gashete NpReatais’ (N Whpr ccont at ve col

SaMER forAeonst Fat 88 hhadtidns }gﬁs?ﬁlgl 3 %éﬁo&%lgﬁe%tr Wilés were

remai ned stable in {he propose tions
usprhingagieavelliplat 49 ewi e EYCndereiremsyed fiiomehaif cultuee dish using 1

Xxam n 40, cel |l s exhi biited karyotype
mg%mzi1 type 1V collagénase, ?\JI‘HICI' ro%(enKmtoysmf:%ifJ clumps using 1000 pl Gilson

pipette tips, and cultured in suspension in 58 mm petri dishes (Greiner,
Frickenhausen, Germany). EBs were grown in medium consisting of 80 % Ko-
DMEM, supplemented with 20 % FBSd (HyClone, Utah, USA), 1 mM L-glutamine,
0.1 mM f-mercaptoethanol, and 1 % non-essential amino acid stock (all but FBSd
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abnormalities. The cells' pluripotency was exam ned in

vitro. Cells cultured in the feeder |ayer-free culture
waymremssdr nore than 10 passages, forned EBs BCTAL2806/000998

to those created when grown on MEFs [Itskovitz-El dor

et al, 2000]. RT-PCR anal ysis denonstrated that cells

within these EBs differentiated into different cell

types representative of the*three embryonic germ

| ayers. These resul r t
f Gk TR Se R e B R BR RN S VRRTCTo 1R R EBs were
hdre&faY for RINA Belatioh bidRistdsdedl erasinatibrch i ncl ude t he
I L6RI L6 chimera while exhibitipg, h SE features. Th
laFﬁ%a Tam; RESE

mechBRi BeRgnafrsisch TetesdNAeves #R m; REGY grovgpfor 10-15
: r
PEMRE in [P odiltort W 5630y ohd ERL R0 AP frolIFEIR ghown
inJAKfESTAT Rep ayshammlysingnT il eagerit {SiggaESCd ouis MO, USA), according
undi fferenti ated prol onge ulture i.s well. knQwn
tq the; FROEgOULer s ToBIotiORS. ?icgw@_\ é’YaSa?Xnﬂ?é‘%‘,& figfd U5 tojel RNA
u%‘?}?t AIMERN RN B se & Qérgoté%g%qa%" M@n?&% ?’mnég%%adison WI, USA).

ernore, to date the only ne for “deriving new
P@BusactisB€ ihclndsl denafwatiter foray eninfitesat 9417dl fdllomedi by repeated

based. gn { he addition of factors fromthe IL-6 fam |\ .
exYRroctt e Lot 3P SecnygnbeatioB oo 1450 R Hreramiaratord Spectfed in
TASEON HetAh R0 RS atd) xteREb6n ROYEMC FRC@seddrds UHTKR torikters and

the feeder layer-free isolation of mouse ESC |ines

regpliarhennsliteans aised agodeperiteddnitnble bt hegeinkelewd Bedt products were

SRRl e O "B ERCEsl U TR Reuh BN i e o

cddfirth the s@pbOthe rovulthimerp@dntsrai nt enance of

undi ffere
et al,

2004; Sato et al,

ntiated |i ESCs [ Daheron et al,
2004]. The specific

condi tions for hESC gil.tiuprepcResaiibied here may
explain why the IL6RIL6 chinera was effective in

2004; Hunphrey

Gopeddid: N
didlcéessiopnt
f idgmbarbCt

OF dria@d (1) Qhd feFsa(R)primeds (SHEQ0 N@:t h m
iation. One difference being the us
in substrate as a nmatrix (and not

N Ra®drion
b Corfdition
use

Size
(bp)

| ardcind n)

hESt25as s
el uci dat e
| LRI L6 C

aid SAAEACARGIAMPAKT TEAEEAs dSEQ hEY

T

ra at the level of signal trans

it[a Jniid”:
Rak ‘é@i‘ég
al, 1997)
will requ
xeno-free

113 cxsfes
taé60 °C
h 6‘?;)[? hq
jug}‘;bgn,

219

|
o it t g T f
Ry N R el
Rl &R @ AdUNdOCA TerC AT p@bgua@:
iN@4@ reproduci bl e, well-defined ang

culture system Although the serum

B5tycles
/1

]l mM
MgC 12

6o
5 af 1.HES

302

efptbaaeneg
EBOITSRAY o
l'ipid-enr
not ani ny

amnst i

M: {-SRYGASETGTATAAGGHTESERRAS (FQy I 4
AN@6ch, it contains "A bumax" which
i Bhed BeCTaeAGAA AT EF BN AIN PEQ: HR
IN®Pee. The wel | -defined conditione

5 30 cycles
2 6%°C
efibl-2,

216

S

t hesidof/ S

R
‘ég?%é Rk
S8¢is3gyal n

o

t od_1n t+the acont ctndvy arna ciit ah
K 8 GAGTGAY CGATY T\{‘O?p”
ng r esear choon hgﬁ\ér:g%&zéggﬂggfxsks
t enance, especially of the possible

TAT3 pat hway and various integrins as

) RE%’FI
%0 cycles

| at 60 °C
~ in 2 mM

r @{ggg g

473

—

o~-cardiac
actin
(NM_005159)

F: 5-GGAGTTATGGTGGGTATGGGTC (SEQ ID NO:9)
R: 5-AGTGGTGACAAAGGAGTAGCCA (SEQ ID
NO:10)

35 cycles
at 65 °C

in2 mM
MgCIZ

486

B - Actin
(NM_001101)

F: 5-ATCTGGCACCACACCTTCTACAATGAGCTGCG
(SEQID NO:11)
R: 5-CGTCATACTCCTGCTTGCTGATCCACATCTGC

35 cycles
at 62 °C
in 1.5

(SEQ ID NO:12)

mM

838




fibronectin receptors. O her studies using hESCs, such
as the research on differentiation pathways and
wore@hnanidshs, W ll benefit fromthe avail abil i tRCDIL2806/000998
wel | defined and reproduci ble culture system This
culture systemis a further step forward towards fully
defined culture conditions %or hESCs, and pronotes the
devel opnent of a xeno-free Culture system f or hESCs.
EXAMPLE 2 CULTURI NGHUVAN EVBRYONICSTEM CELL
MEDI UM CONTAI NI NG TGF- BETA | SOFORVSDEVA D G:SEREJ?/f
ERUM REPLACEMENTAND ALBUM N Material s and
Ex§eRi menddCACREGSCASTAGON (IBQADNG-BYAN enbfr yonties | 448
Fo®el || 3(THESELOCORESAGABACAT(RIDNGBI4) Arri t| &t 60 °C
Itskow tz- El dor, 2002] were cultured wth infaciilatgd
nouse ermryonl c fi brobl asts (I\/EFs) for 40 60 paéages

" Mgl o

R TR e oS UV G0 AW GA S Grlen | 306
I P e eH%E, RECNE
suppl enentes 6y 15 % serum rep ace ),ln 5

L- gl ut am| ne, O 1 nmM b- mer capt oet hanol , %

nonessential am no acid stock, and 4 ng/m basMgCI2
f i 6X6bl ast' Wﬁcﬁaccmm@m‘@cmem BNOeD 1N34 dyEi@JE N9
(M 981aR) | BRAPTBETRITATGARAAGEGAAREQNIY NAIBY) .| Tiwlrest
the abiljty of various culture nmedia to supgorilithe
growt h of hESC in an undifferenti ated yet pljurimdbdt ent

Ot aF A th Co . \wWwnra fn sever.al PIMSCHZ‘P

@g%%éﬁgje Né%ﬁrg {iﬁ%‘gﬁi G%gglc%i%% pl@%%ﬁﬁ( h%ﬂ?” 370

pl asma f | br onectl n, Chemicon International, |Tefgulla
CA, USA)| (ii) Matrigel(tnm) feeder-free culturl\ggcs;zystem
-GlMagani Qb ( tONCAGBOABCOBCARINGRIGARCH T @ B[ 39%%Wies | 370
(X399 DVEFNO=21yTouse enbryoni ¢ fi brobl ast feedegtehaye
system [?'v)AFECETREOSHCHAGHTRISIICAAG f(BEQSKDN in1.5
fi brobl ap¥e2fkeder | ayer system Tested nedila mMhe
tested-npdiumwere based on: (i) D nedium - MESLADCB

r’egﬁag »—le JGABFQ‘F\TGQ@OGWT&%@B@ WPt B5Zyqhwl | 410

s and NaouiAGACBRRGrROCRAE 8, Hofin ity a@gﬁﬂs
M nneapo |s WM\, USA), and 10 ng/m bFGF (I miti%I en

Coripor at | 9RTRCRIGGE RTCTIGEMA TCTSENED W25 USA) T(F5Tcdcddd 537
(¥ o225 B ) MbT&Dﬁ&G{H@C@KK}&W@T@%SE i) )0 265 at 62, oC
suppl enmgnted with 2 mM L-glutanm ne (Invitrogensis
Cor poratj on products, Gand Island NY, USA), 2mng/ mi
10 ng/m bEG- (I nvitrogen Corporati oeCl,

%ﬁ} gl 3 @Aﬁ"ﬁ@r GFATEHKIGTGAAAA (SEQ ID NO:27) 35cycles | 200
017) '3' GGCCATCCAAATCTGTCCTA (SEQ ID NO:28) at 65 °C
in1.5
mM
MgClg
Nanog 5' ACTAACATGAGTGTGGATCC (SEQ ID NO:29) 35cycles | 800
(NG_004095) | 3' TCATCTTCACACGTCTTCAG (SEQ ID NO:30) at61 °C
inl.5
mM
MgClz
Table 1: RT-PCR primers and PCR conditions are provided along with the GenBank
Accession numbers of the amplified transcripts.
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NY, USA). (iii) HAU nedium - 96 % DMEM F12 (Bi ol ogi cal
I ndustries, Biet Haemek, Israel) supplenented with

WA 20000363 | uti on of the ITS Premi x [the | TS prROi/K.2066/(00998
Xl OO0 st ock solution obtained from BD Bi osci ences,
Bedf ord, MA, USA and consists of 12.5 ng Insulin, 12.5
mg Transferrin and 12.5 ng gelenius acid], 2 nM
Lglutam ne, 2 ng/mM TG b3 (from R&D Syst ens

M nnEgpoimaitdiResids?) , 4 ng/ M bFG-, 500 ng/m ascorbic
, and a 1:1000

| MG larsesielt e embisilion o6d00 st TRARBLS chimera
and 31 BRI BFCLR 06 shBbble k}Ht u%jpoge r%ﬁe)%ﬁ d ?:}Sﬁfer)ltmn of

wer e obtained from G bco Invi rporati
hE§G avt & feaderdide | calltane spitem USBgverdli sgnckifitatidnsredi then[L6RIL6G

I | nd Bet ,
oferdsrof® Ml Tok et ab 6 sumBortbt it iavon lor CHRGeIof§ESCs.
Inmaﬁm tovo 1B SRt RSedre iSRBto RAHhLAY e abi Dy UBMe hES Mo grow in the
| utam ne, 2 ng/m TGFb3 (from R&D Systens

fe?\qeﬁﬁ@glg:g[tp@ yslemygamelyapetegnidgehdGliffesagatioy and e of lgtawth.

RS PP S8 BLRGN pedod Q3 Rb et

4 @fnﬂﬂiﬁ‘ﬁF wad faund td 08 thé st suitable tSi sibperdiuad@Rrentiated feeder-
P5556 from SI gma, Stei nheim

Pl ot ﬁ@bﬁtﬁ@? ’Eaglg’lkutplél?%n@/bW%W#h@@ulthredmdlmn@onsstmg of 4
ngﬁhpBFGF Chrt ’chél chithr§ '}%ﬁﬁ%h%g s 9f.-60artd 10-6(EHTR receptor failed to

St ei nheim  Ger nany) t those 0O hervvl se sp
suprerehBBE girelengddr Qllihu@ m[rbrdsulmd mo@ﬁbreﬁaatﬁlm af hB8Cs within 3-5

e T B i 0, LB S
unﬂﬁ“fe@é‘ﬁtl)itea@mgb @rﬂﬂlﬁi‘,eﬁ‘&)nﬁdﬂ(ﬁs Ior R SBINEAEE g*@ﬁr?ﬁgéﬁtu{xﬁ@e’ was

2 mM Lgl utam ne, 0.1 nM b- ner captoet han
low @Hd é’%lgéﬁﬁqhdl’asﬁi‘ﬁ? e Bembersefoskyivingnff$€s Berséased. In addition,

E d.l a/ | L6RI,L6
cultpeD ot S M G cdfining; R pralRiBY himeppag pgrumm
replmm:sat Imdrerabbemet of REGDY fdsultddSihaet)proifetatiot tof CB®Sfnd failure

oth [ fied were obtained from G bco
i‘%@“ehﬁ@f? Rt loh PaTsagRs(data not shev)s | Bewevdy;, in medium
suﬁMenté%ﬁ vﬁthcé’iﬂfef ql()O ﬁ 1%?%0%%/&1‘1‘ rIE6ﬁﬁ€ée§%1\é@? Tag& 9 ng/ml

t he renoval e growth Tactors
bFﬁﬁghe\blESé?h Cpelddqerwh:uxed cohttmeoslyrio Ifeadlef-layelefrwebﬂdﬁﬂor@llﬁr at

leagtﬂfﬁ néa%?a@ ;n%tgﬁbemthega quulé fl\%%{%%g@ &%E%}L L6
chinepd agedRf!) ERMitaindd MMdir ISt a%ﬁlﬁeamlﬁcgﬂ%? q %hffe&entlﬁted

ner capt oet hanol, 1 % non-essenti
qlféqrﬁqlon@ Faryetype agam]@)t/yn’and 1goripgéndy, a20@angésttd dblld@ihg 28

ebath J, et al 1997 and
paciibel Bhel 28 hOREGRETTIR takGthdeepniionts sifrrpataron racs
wefd aﬂnout 157%4, singige o tﬁ@ﬁ@@mmxfghnmtﬁ&%é&r 1dFeAREe bél'nﬁ@ thethods
fjﬁ) Wien used with 100 ng/m of the IL6RI L6
[Xu ef a 01, 2005; Amit et al, 2004]. Examples of undifferentiated colonies
cultured in feeder-layer free conditions are illustrated in Fi igures la-f. Interestingly,
when cultured in a medium supplemented with the IL6RIL6 chimera and bFGF using
fibronectin as substrate for the feeder-free culture system, the cells differentiated at
the periphery of the colonies and formed an outgrowth of feeder-like cells (Figure 1a).
In similar cultures, laminin did not induce such differentiation (Figure 1c¢) but, human

and mouse laminin matrices were found to be inconsistent in their ability to support

hESC undifferentiated growth and, therefore, fibronectin appears preferable despite
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chinmera, this mediumis also called CM QOO (vii)

HACM OO nedi um - 96 % DMEM F12 (Bi ol ogi cal Industries,
w@e@r/oriaeek, |srael) supplemented with a 1: 10B0OI/1L2006/000998

dilution of the ITS prem x (BD Bi osci ences, Bedford,

MA, USA), 2 nML-glutam ne, 4 ng/m bFG-, 500 ng/m

ascorbic acid (Sigma, Steingeim Germany), a 1:1000

dilution of a lipid mxture (Sigm Cat. No. L5146,
thS@intiieh of feelortiky )celid LQthen gtudiesobn Fded&-lagerchrearenlaures of

Cell s were passaged every four to s days_using 1.5
hEfg)sralsorgpertqdyhe Ermatian aéée{lvdﬂi%%k%ﬁ ezt cal

corp

[ i et e chARB R e pofinc ol h?.”%ﬁ‘fz%‘é%ﬁ Potdiining
the L ERIRG EdvEferd Sipgpaets KBS Asovitistyntoal wamyholagy \Vianepmpared to

G one, U ah S, nd 50 %
I T ar PRORSEDYS BeToTlay o DA FRORDIY Qi i ferences could be
142@1%& apdiRBerPf colites | e shdl fasde@Clagbr-fl tdut@id Gfstem (a

Zygot es were donated by coupl es under goi
fipoaéctipirasitinanén ndiion FepRiRgih wah (HEBL Ahllimers apd PEGE) and
o bl 83 B e CEANE s B9 S 8By,

mblﬂﬁl@fdgﬁﬂt felx@rdsr adithé @@éle—béﬂz leve:lc e:dﬂzilﬂedafdrlehang\td,r itieen cells
stimulation V\/lthcgonadotro ns &"‘gytererleva

remypipse cunalle pd aoynd;raad it o-gytgplesm Tatio, with a
n(ﬁ&fl@ E)gésg&et& dn¥Fo! AR grﬂ%%%% aﬁggﬁgﬁi}%dﬁi PRER betBELthe cells

si'ng specl alize r 1nsemnation,
(Rigwed ha-dnd Tk d8S€E pepuldiare doptangt tih€ovasesidilar to that observed

rivation SC L Aft.er, di gesti.o t he ona
WhEH SRR @Fﬁg 36 hogrsh; 4ndgh b PERe w&e@%%egfo i the
cd¥R cofPbe Pasdab&d ﬁﬁﬁﬁ@@' E@ky F6EDNALix dafs @xPeaRdof 1/2 or 1/3,
bl astocysts were placéd in whole on a mtotlcall

sijnilac td ﬂlatS@l:ittanrr@‘sk |emPﬂQ}f§r1cYmeasth§ hE@&aare caljed emMEFS The

h tur ed
cAIB R rROal R BiHbE ety £ SRR s B DR B iion
cdlRipkt 80 cRASHIATER,same Vidhiliv T ate OFf ower 90”\%1: ﬁ%u@lﬁ)% $Rlané 10 %

culture medium The cells were initiall y passaged
DY Pssile a/IeI%ﬁ“é%ﬁ@‘HV igzen and thawed.

g?gST}z &ff?@%ﬂﬁé? )fey e NVIAEET E‘ztehtats )@g@ﬁ%d w1th a

tes esystem refl
migdivai emraimimgﬂ yldeﬂafﬂ[ﬁxﬂomedz supporss KRS Csawith awvrirdob &mrystype

s et} Beagess: Ry ant Bty domEsBEmEIE Y8 comigdyout on
’tvgrdJ ”%&&ﬁ&ogﬂ'tﬁrbém r@ﬂ%&éﬂﬁﬁ%( TRA) tvlo G%e@ﬂﬁ'n TRAddifidns: medlum

con I nternational enmecul a CA, USA) and Cct

Sl(@meaatadr withB# orgheoh Gy wnd m@a 10;9 urg/mtmr 108AngAudr EL6RIL6

d
oh{FEi a0 e b SR SRR 1At oo O TR e cpudggament
WHERhE s $a8s @S fHRiRGAr Widbist ROtcHS weke 280 frif@r s40h p@ple, 40

anal ysis - Karyotype analysis (G bandi nﬂ) was
cgllsr fromneaghonedipm Combination. All examined cells were found to sustain

normal karyotype of 46, XX and 46,XY for cell lines I3 and I6, respectively.
Examples of chromosomes from examined cells are illustrated in Figure 2. Overall,
these results demonstrate that the cells’ karyotype remains stable in the fibronectin
based feeder free culture system supplemented with the IL6RIL6 chimera medium,
similarly to ESCs grown with MEFs.

hESCs cultured on fibronectin feeder free culture systems supplemented

with the ILO6RIL6 chimera medium express typical hESC markers of
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| east 20 cells from each sanple, two sanples per test,

as previously described [Amt et al, 2003]. Karyotypes
wowree/0z38d yzed and reported according to the PCT/IL2006/000998

"International System for Human Cytogenetic

Nonencl ature” (ISCN). EB formation - For the formation

of EBs, one to three confluent wells were used in a

six-well plate (30 cnR) . Cs were renoved fromtheir

ufdé){/%%éz?iaz@ﬂ PSS RBral s ﬁ@%c@mzfru s typledt Bg bﬁgﬁﬁ%fgrfzﬂtla&d ES

broken into sma s-usin
cefls pettee ekamined aming uhtumetluoeseus maisingnas rleS@ibeth elsewhere

refgion,eh i TRl Fleor BT cISCH R PR HE TERRg i foadr-fee

cultukVENidR Zod By %@,a%%g%h ?ﬁétg%xh% 155@?%1 Gl%aiglgg bo &g/nﬁl or 300

Israel), su e
ng/Shpf tmnméﬁﬁ@/mmm i foand fnbe Sirou POBHBO FUrtNe markers

TR 00 e d By P SN Bllne o, o1 B ot

smemii tAsdinSothe@ priniAeESOcelaystsihihgEBRh SSEaat wak el hégative
in the tested culture systemfor nore then 10
ﬁ%§§5ééé§¥aﬁgﬁ$@“m?l-Reagent (Sigma, St. Louis MO
u&w
oL UETERRL A G DEAITRR | BERBIH Sl a3y nizSCs
asr ewdmte byr ﬂmsm I vitre sdbiffeiantiatibh nivern) sen(li?yazde@aﬁed\/t(ﬂil}s}m The
on cluded den tion fo
ey laEatb PogRtEl 0ol howEl® YL dpaiRpedl EyRiEoiofcedar ger-fee
con@ltiodd WRC eRAfine@NNeakb NGy RS f@i%a‘ﬁ%ﬁ%ldEB@ &hen cultured in
temperature as specified'in Table 1 and extension at
sugpengjonp pftg07 passegrisin AaiRuprsupplesieated widaeithasnl 00 ng/ml or 300

g LR DR ASCEREA T Bl oS EEG{VERS oot

gro®nngn ZMEFag ar\xzﬁmng&ieseelm r@@howsl diffebdhartedr ks Scell types
were used to confirmthe S|ze of the resultant

repreggitathteof the st peHa P Whlayelsor ter at onm f or mati on,
cel lEfg%ltl}llé‘ aﬁohﬁthtehﬁE.?&g gﬂﬁzgre LHI{ y[e lg@iﬁgdﬁu Q;a Mr@ssed

t ha ass were I n ecte e rear
typicakdi ﬁem‘ntmttm abarbér qﬁul[&enﬂ@y@etb eelg tnoagee —-(Tol\ﬁlrmer: define the
for each testgd cult steF%S%CEII nunber s

d
eXPPESHIOR BtiegE Of dhg amgferen IO &k - fibrepPciin-based

febderefr@htulife ]sgst‘éﬁleh? i bRkserde] &€ hLIRBihRCcHSRinYeie IL6RILG
sacrificed and the resulting teratoms exam ne

chingtag| B@‘rE@\RI ynalmpewaﬁe DERPInRes Wsing | primériss speaifily toheboth

o e TR o 1 R e o e hue 1

hepsifhuveRd AGUk tshiéwen @ Fidueéss4d-N whifd ei@ftreatidtbd F:@lls cultured on
condi tions was exam ned. The basic nmedium Di

D2,

the Sfibjopestinefeeder fige gulfwied st Ysing medinm r&uaple@ﬁated with the

ILBRING CRlmd %?.ﬁx%gs%dg&dlttﬂggnt Fcﬁ‘édt g%ﬂ%u? A8k Horas dc@ 4 (Figure
e medium i ani mal, serum

suspensi on. roma
42y Nanopt Qlatangbt p;hﬁ)Wﬂ)' 189x2 IRigute 46)( REWIL OFigie 4eds€xhD(Figure 4d)
t
angleErdﬂﬂle& 1guare EE:)I I%hatta rilaryat et al, 2004], cells harvested from 10 day-old EBs

expressed genes such as albumin (Figure 4f) and glucagon (Figure 4g) (typical of the

embryonic endoderm), a-cardiac actin (Figure 4i), f-globulin (Figure 4h) and Flk1
(Figure 4j) (typical of the embryonic mesoderm), and AC133 (Figure 4k) and
neurofilament (NFH; Figure 41) (typical of the embryonic ectoderm).
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The effect of two isofons of TGFb, TGFp 1 and TGFp3,
i n supporting hESCs undifferentiated culture, was
wezammsss Initially, two neasures were used tPRPCT/IL2006/000998
estimate the ability of hESCs to grow in severa
cul ture systens, nanely percentage of differentiation
and rate of growh. The culztlure system used were: (1)
feeder layer-free culture sygstem based on fibronectin
or (
Ve, Ao AR BEk: KO o bl P o TR RIAPE p dffined Fledium
bap@dr amether $L.6RAG chidicaa swigph sﬁesrmtabﬂev\fdrhm'ﬁtﬁ%ﬁngﬁESGw in a
refo to be th uitable to
A0 o, Bgi Bl Bip B et PecE ShelBrRE caftisn Sysim sk as the
ﬁﬁrsﬁécﬁﬁb@ggdtfée@rmygyggn Cul ture nedi um suppl enent ed
wth 10 ng/m bFGF only, failed to support hESC
pr olbprfesis end Discassiom al| the tested culture
con thau 090 t mai.ped, at. .t
AR L e TR T A N
winiels seyesxposé ehqpi @b iahiznd tpativgend. e Inelss |sﬁi&y,athé Wiekdht Q@&‘dﬂtors
e the numher of surviving hESCs decreased and

% 213513}1%%%@ éingpe%g@wﬂba% fesfien ey enfrpeatylbiic wagem based on
thé & @ias%ﬁﬁn %a ladB ™ BRGR. fIRRIEE chAYEL ahd ﬁ ay ﬁi)?d?i‘te{;]t%n asa

capabl e of Intal ning a 1 ESCs features a ong w
miktrlgisuwwtﬁfer ation rate - When cultured in the feeder

th I ce of the D
SoHaF otk Riiie e [POER SRR bvetruieiod h thetimbilipy to
mzﬂhﬂanh EE@@S fig %Ulﬁrﬁﬁffélﬁﬁﬂléiéﬂ Bt ghe Rh&Y: IsliRERE 'lﬁ&inﬁlﬁt\«%’s that

When cultured on the tested feeder layers in th

supplemepied vath 1Wengrinl bt IhoRILIGechiragado ghdimy rveith éng/mldaFGF in

R o L G e RGN M R
hESKﬂfeameﬂ thtough@tsmotcmgetmmlt@aers systenms Wt h the D2

di um , D2 and HA. 6 nedi a
f eeddls| %E‘IQIFGdf %"@e%ﬁ @@&wmalmam@a. Ak @he\ﬁaqﬁ@glaﬁleseﬁ ESncells.
Affer Fii'r@lbhé&f éﬁltuY@ of 'dP @5 0B %%Fésatt}?edce?fs q%ﬁam%i tuﬂd1f&ge&1§1ated as

chronosonal st abi | ufi potenc
degloomtfvdn by Ithe ppk@s\grﬂnd sigle kbell lhiorpﬁ)ﬂogy, 4l by tie dipiegsion of

eder Iayer fr ditions were
st e erpior o ‘o beafibtgne pSCs i thdiun et al, 1995, 1996,
199&sRabinofebyal, Y00]e tHRUMBHWAG ElRIEd el @ditfRs, hESCs
i ncl udi ng undi fferentiated proliferation, chronpsoma

exglteaf@rilspwﬁ@ aprkass tf@rdthb%anwéfemlygédsagalsysh 85 Ocbtl, StrodRexl
nd 0018 4 AAR0ERGKa LML RGeS Lok Pl uf P BrfetBiyses

(for Det4iSok @y Rek1 aid PGF4pt es occurring when hESCs are
cul ?ur ed in the tradjtional culture system based on
typre apal B canrigg cqut pngrepregeniativeupsll sarapies dempnsirated

tha? qhe! rHE’S@%I’ ?&W ! ?Qﬂalﬁecf]?(agj H{:onl gﬁo“”ﬂgu ?%cldﬁ% Ogﬁ%er 23

Exanples o eren
passagesrazttwrtem cénditbatisunNoie 6 el exarhiay@n0 celbLe:aMbitdiafttype
b ththeD20r HA16 nmediumw th the tested feeder-
a 1}05% Sare illustrated in Figures 5a-d. hESCs cul tured

g?f TR eI MBFipSERS SUSERIEinkd i DE-P" BSRICRIAEA i ShPreeder
layer-free culture system for more than 10 passages, formed EBs similar to those

created when grown on MEFs [liskovitz-Eldor et al, 2000]. RT-PCR analysis
demonstrated that cells within these EBs differentiated into different cell types

representative of the three embryonic germ layers.
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D2 nmedi um are devoid of autofeeder - Interestingly,

when the hESCs were cultured in either the D or D2
wore@7om3eh t he feeder |ayer-free systemthe cebdBHIR0EH/000998

not differentiate at the periphery of the col oni es and

did not form an outgrovvth of feederlike cells (also

call ed "autofeeder") (Fi gure 5d), as described in

ot her reports on feeder Iayé -free culture nethods for

hES P!

coul 158 toflts Homebii 1 Sl G8aRtaitbd bELARIERopiated
cdlByr deﬁmeelefeexia:k-t aﬂdeseﬁmiﬁemcamﬂtlbﬂmsmcb iravrdevthé HLERIEGehimera

ers. | S5a-d). Correspondingly, norphol ogical
W\Lﬁ‘gf”ﬁh‘ mg ﬁrf@%f“’[?ﬁchanged on a single-cell |evel,
rendend RebcRglidm lﬁr"ﬁ’hich%(fsoééi‘ﬂmaﬁl@ﬁn g 'E’uf?'rfo't Rebafi QH ouse

nucl eus-t o- cytop asmrati o, a not abl e presence o
E8@e thegoternfddF and bthst inearhdrst quthe: HL -6dmady agtibe thweegh ¢80 and

R JAR ST AT el e i BB Se Y WP RaRatgE Bilafte putture is

wel Wabih JSmitlietrhl, 2D88; OVARAMS 0410188 RoMEESal, €894, Conover et al,
cultured with D2 or HA16 nmediumin all tested culture

1963 AN, etafld 19984 Drurtheamore ite deteethe cade anqtla@tb fqrr dasiving new
mgéibts Egg thr%@ﬁ if 8RS ?agfgfj 60 #Hﬁigh% ﬁvlfaéé(d gfl (?dlﬁbﬁ( of factors

e sane
fremnthé &k -6pfamilly fNicholdetdd) 1994 .t e IBSRIclifé dHRSER WindemaiRtrated

The cells were a a edi ng
aSeNf#E*F.Da?Sé ﬂegﬁnbfacf:%dwu Posiing &@f e%qr %V%Zwewﬁﬁ@n O mause ESC

| ARINGRR HRBUODLL b, ROV N 8PSl AL EREerof

serum and S wWere success ozen
thadb-G fravibsd mdhadwg)mfm;ompmtyalo& porhioma lod dIL{ﬁoamhﬂhe IL-6 receptor,

o Bl Sl SR oD b itofl bR Pt el 0 byl

alc 20045 Saftt @ o, IDDOURSTRE sRRUII UHIRMNS forE IO LiRGeRBXCHBEShere
was perfor nmed by G ensa banding on two separate

may, pxplpasvhyt thplle i dhimenaevaseifiecredingnrpatog theanelifepition of

h%cl east Bgﬂ%eﬁﬁsre&gﬁo gz?rgeldﬁifr cr)er%n{%acezlj'% P@t ggﬁ’%necﬂn

substrats af namatda ¢imdned iniense dmﬁﬂni'rgtalnd ranothkt beng Ehd’lﬁécn@@bdh&dule
found to systain nor karyot ype of 46, XX

@%Sq PATasing: a#sd'ﬂﬁzr e\t W%vreé elo elycidate; éhf{ daxfiarlymg

m@éﬁan%ﬁ%vﬁf)acﬁg}{ oF &ld 1 oRIEE &h gxgei?&' lf ﬁlesiﬁ&g %?ngtrxgﬁ{raﬁsjaﬁctlon its

cells' karyotype remains st
time ntwumeomd intemdityaa yhich B8@semgr mfdnwmyst WAKASTABI PG kinase,

iti et ., al 2000). hESCs cul tured
I'%@Ef Sf:'f‘lgl]rﬂm et[?i gg%—é?fb“éxﬂ?%ss typical cell surface -
mar Keitére clfos@dks sEhESCS Wil 66fise hytRhroahciBle, Welll®iBed and
undi fferentiated ES cells were exam ned using

xqnarfeeotultye eisteant Adthangh iy setuvo nepdaceatenk(SR)1@e4 in fgopresent

e T R T

setuth blbuenia andithdrefose, is\Rstenfraal febel T He&vetl-deigt YoRdifibhdMBedia
to surface rmrkers TRA- 1-60 (Figure 6a), SSEA4
denmngtinted g the resent sy ( mﬁgm@blsc)?ora%@tu@eg hESGratrd ey be

%@‘%A\sggﬁus At & ﬁgﬁg)ﬁ rBleh Rt S 8 rféhhfismS %?!E@Uq&alﬂntaﬂtenance

especially of the p0351ble roles of the LIF/STAT3 pathway and various integrins as

fibronectin receptors.  Other studies using hESCs, such as the research on
differentiation pathways and mechanisms, will benefit from the availability of a well-

defined and reproducible culture system.
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negative for SSEAl (data not shown). hESCs cul tured
with the DI, D2 or HL16 nedium are pluripotent as

W e®ymeeb3sy EBsformation in vitro - The devel opP@nii2006/000998
potential of the cells after prolonged culture in the
tested culture nethods was examned in vitro by the
formati on of enbryoid bodieg (EBs). After nore than
15, 20 and 30 passages in nmedium D, D2 and HALG,
r es s icukliny yESas i arfirberEBep $orwakditowards idte defn@t adture

hES I on MEFs ot sh thin these
codNiiine g ST oA hpmatcs A s Rt o £y peteno-free Suire System
fof fRgesent ative of the three embryonic germlayers as
described for EBs fornmed from hESCs cul tured on ot her
culture systens (ltskovitz-El dor et al, 2000). EBs

forned fromthe hESCs ¢ t he , D2 or HAl 6
medi um are capabl e of d%&gﬂ;tl ng i nto t he

eCiCWErURINGIIUMAN E BRIVNRT STERI CELL VEEDRA MEMFU’M
undi fferentiated cells cultured in the tested ned %

f e CUYTARYEYG T4rie-BEekA I%E,ORM%P@H@@ QEYEREPE m%ﬁl%(t’

enetic markers AN, , x2, Rexl, Cx43

gnd FGF4 (not st{gﬁ\/\ﬁ?f@ggﬁ]&g%arya etMZ&, 2004], cells

har vefateeihls amhEXpd interthliMellodexpr essed genes such as

al bumi n and gl ucagon (.endqde t| n

b- gl B8G |0ﬂ(fu&’rm¥§ﬂ|meﬂ %ﬁﬁjrl? eg,{gﬁﬁéﬁ ings [y and 1-3 [Amit
&rl?s'l%@ifti BRI Mook We%j&ﬂﬂ?(e@v%ltﬂ %Eﬂéﬂ%&té@hﬁﬂsé)é!mggroﬁ%broblasts

anal ysis (data not shown). hESCs cultured with
(MIRF9rfotiA0& 0npassages dn e {hasici IpliﬂCe etilters medivwd ObySIStlng Of 85 %

oAU TRBRER Mos By et G ee E b RRA R 15 %

se?tﬂhtréﬁlﬁéén{é?ﬁ (SNEN HR 1 PASIRAERSe, 01 1M fHMeBsaptdeti®inol)d % non-

medi um in the tested culture systens formed teratomas

essgitiabwinigp atidi stodknjand t4 ogmil rasicSBDbIRe grewih dastorvibERi (all

erat hESCs, dj f era tia
oy aEalsiedt (RSl bl RRTHRBLRE AR ¢ germ
| ayers tdshelelatiig; ofSakious ageure li’ﬁbﬂfd ®, sul p@l@t}&l@toﬁaﬂi of hESC in
(mesoderm), stratified epithelium nelanin containing

arepditfereniigted et RiwaperFnt sitelthei Gy WeRdragsferred {f geveral Culture
}[Sgeﬂ%oderm and nmesoderm), and epithelium of endoderm
orirgin (data not shown). Teratonas formation rates of

90 %) #abkohbarin\yuvder-fiet culthbcsystens el J0supvpes 10 dewt fibmhectin-
to those denonstrated by cells cultured using
cqvetsdi pleisp humar bapsna fhiopedin, Qhenzm}ntemﬁtewbt hepecula CA,
? se results denonstrate that hESCs cells subjected
0’pr ol onged culture in the tested culture systens
deno@ﬁtmtﬁgiel [fedilebfecet @diure apsteimnct Wdatrigel™ (BD Biosciences,

u chronosomal stability, expression of
B%‘ifé%i 8’? é&s and surface markers and indefinite

pr ol n LE 3
EVAL{J ﬁ%‘%&”‘&“‘?ﬁ?&c{i’&‘k&ﬁ%@ %@Jﬁ%@%%?er SKTAI NI NG

VEDI @v ) DEu@s EinFBEr!s -SERediRERoARENVENEHcANDerdyBlom. N
Tmu?ﬁv%tnedia - The tested medium were based on:
(i) D1 medium - Mab ADCB medium (HyClone, Utah, USA) supplemented
with 2 mM L-glutamine (Invitrogen Corporation products, Grand Island NY, USA),
0.12 ng/ml TGFp; (from R&D Systems Minneapolis MN, USA), and 10 ng/ml bFGF

(Invitrogen Corporation products, Grand Island NY, USA).
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DERI VATI ON OFhESCLI NE ON FORESKI N FI BROBLASTS I N A
COVWPLETE XENO- FREE SYSTEM Material s and Experi nent al

woeionoeiss3 as in Exanpl e 2, herei nabove. ExperPeEmni2a06/000998
Results The HA16 and D2 nedia are suitable for

derivation of hESC |line on foreskin fibroblast feeder
layers in a conplete xeno-firee system- The nedi um
combi nations of the pr esent i nvention were al so tested

f orn bg ﬁﬁézﬂ&mt YMb %@BQS&dlﬁtEiﬁ}iOlm, tiati, 28 A psuppladnged
| e or nmedi um on fores
withed éugip@mmwnw&yg@n Crsnroacrpdists QigntsRnd A58, 2
u sfull

naESCRRR M A0 IR TRy O ah sAid e rf 1o
NY/©eay. 18 pﬁSSﬁgégsé I(| n tge presencef of the HAI 6

edi un) . The i ne_deri n.for n iLn

or ASOAEAL G et HAP % RHFMGY 32 (B NORLIP. PR Heemslc
Isra&?l ll?pl&'ﬁ%ﬁ@@ lv?ﬁy 13008 Qﬁlﬁﬁgﬁ ok 8nd angl Ptré}ﬁlxcﬁhé UTS prémix is a

ongol ng), normal XY karyotype and &ﬁl‘m ot enc

X1009 sepckdetution obgameuérdm BitaBioseiendes Hixifom; A0 cwts

of Ui tneudiny Hase Mo L EE AR ol 5 G SRRy i £ M L-
glutFlellﬁeu fzﬁgyﬁﬁmr i d?f‘ﬂﬁ R&bes Mmbbm Mm,r UELA@ﬁﬂSng/ml

I ved wi thout an ani nal roducts,

bFGHi 590navmhESGHic neid (Bigne, Geeinlaia, rmanya 21 000 dilution

B A i T

othdrAGder S}ISEé'iﬁélamw%gé’ oBhhddr Blobd €¥iBéd Anvitrages Canplratidre products,
typi cal hESCs cul ture. EXAMPLE4

Graf@ifglardONYL PNANGVEDI UVDEVO D OFSERUM  SERUM

AN R DEARENR s

Isra@PSmﬂ@léménYedOfwxﬂxS il nfgtoo héilufiGRbef dht ATHi prgmiredBR ddessiagices,
serum serum repl acenent and
BedfatdsUMia)USA) SxP afgigtaaﬁae,n%.qg?@fhﬁdv@sh@%& R0, fystems

undi ff e Steinh
il ST USRI Kbl S, Sreinbein.
GeMeinkyp s 1808 déatior of fal,lq:&d meigtuze (SIERE Cail Nor &8 1%ost@mbelm

Gerpaminand: ﬁ&eﬁi@en%ﬁ“@ﬁﬁonﬁW%nﬁ BRGRELPR S
SlgC 1 h?ﬁa‘itﬂ{&rﬁe ér?ge Mo st80dist e M@%Wﬁddlﬂm&\ﬁl 151’6V1ded at a

alns serum 'acenent, were as described in
corficargtion af Otler’6) rQ&igmae Steinheiny, eGemaniys alh shus nthoser gtherwise

soer RS b, O LiReh C el Broi B lRlpnd

NYaUS)W n for scal able culture of hESCs |n suspensi on,

AESCS were cultured in suspension in
(v) CM100F medium - 85 % DMEM/F12 (B1010g1cal Industries, Biet

Haemek, Israel) supplemented with 15 % serum replacement (SR), 2 mM L-

glutamine, 0.1 mM B-mercaptoethanol, 1 % non-essential amino acid stock, 4 ng/ml
basic fibroblast growth factor (bFGF) and 100 ng/ml IL6RIL6 chimera (SEQ ID
NO:31, a kind gift from Prof. Revel M, the Weizmann Inst. Rehovot, Israel) (all but
those otherwise specified were obtained from Gibco Invitrogen Corporation products,
Grand Island NY, USA). As a control, the same culture media was used with the
removal of the growth factors (except for bFGF which remained in the control culture
medium) and the IL6RIL6 chimera.
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mm petri dishes (G einer, Frickenhausen, Germany) in a
cell density of 1.5 x 106 to 6 x 106. The HAl 6 nedi um
wor®7euEpd enented with 0.1 % F68 (Sigma, St. LPCI/HE200400998
USA) for the suspended culture. The cells were passage
every 5-7 days using either 30-60 m nute incubation

wth 1.5 ng/m type IV Colg agenase (Worthington
bi ochem cal corporation, evvood NJ, USA) or 25

n 1\ (85I I% &aBMEM,
Mol Hos JTEG26 | Fitcplol zxmm chliviers o

five m nutes i ncubation with 1
supﬂeﬁmﬁﬁid wllthn\lﬁt%mgsnn Ceplpennt SR) rQOGMtlsglu@H&H%# §.& mMgB—

NY, f th br ak t
mepgorolls o S S AR TP RS B,
100’%?% F PRRSRIRE oF BOH ﬁ@/‘nﬁ&lf'l%ﬂ&@élnﬁ%ﬁa ((Et&dhiﬁsI eﬂ'ide 1997 and

um was  changed on a ily basis. Follo
W@ 6at0RAs D icsRevel M ehy- SE@eID D NRsaD (el aibes dmdteie Ceppwtion

pro\ge eSt eﬁs'la(ngr }\I%Eﬁ‘%g‘%‘éh &lsed LB - 100N8 V\%{Hﬁ‘sdfctlﬁeliﬁm6

i'nsuspensi on can
chifridfd, Hﬁ§ meHRB ﬁlﬂ%ﬁtoaﬂedl\CMﬂOOhe additive and growt h

1[)?/%);1)13?11?18 descri bggnher [ 233 tjﬁ %r&{)a[\éEMﬁl El?du%)gEM Biet

Hagrg«r%c isrrﬂa@s sh@}@méﬁféc? &Rgh oD 1StobubRuidd Rftie I_ﬁ@:kpremlx (BD

'um devol d of serum serum repl acenen
Bl@ﬁténédsblB&dfbnﬂil ®EY,00§A), 2wV Leglitomine, Ay gefd SR, e‘500 ng/ml

donat ed b co nd P
s et e, o CeBohad, EcEuRi, it 68 Hpjggminre
(sith3 &k, 9@@191&8 X8R HeinD maan@%ﬂra 00 E@BleﬂUDBREG chimera.
nderwent the traditional

procedure after o
sti Wellatwem passargeéonwm foap. tasSiEn éas@oewg }-et mgé%type v
ot es
coli%@g?sgl(wr{%ng% 1|°§ a o E(?or?tk d, L é@z(?o(f glgg@SAl)nglrls were
froRbh 1ri1§chﬁ§l gﬁ{gl%@h aking %d’refjéiin@%omn&oﬁs&gtmglﬁelrﬁ HaDMS® (Sigma,
growt h an ast ocyst devel opne rn o
St Peaiy Do HUSA).n B84 hHman, fi?ﬂansailtée‘ﬂg? O USAY and 50 %
E | | uci da usi ng
DNEMAL? Doglobftal A Dot Rt o LSk

the Ddrﬂah@bbﬁaéwlhiﬂ}lmes speci fically renoved either

by RS ki SRR S Yol o e

A Sl wii8 refEtlizato (evg t Qdreell Medical
il ddf gghlﬁtﬁ (ﬂagﬁ%bfs@?gr) 4-10 rdays I nlnt(l aI)Ia

Callelgt,s N, ewhe cheneil cﬂafcrr;ned plangen sforgs-2 74 hé,cEBPIES ung@f?vent the
gl N riesaugoit st bR S EPMARRES rosseye

suspension culture
ret-ffe'val eZa‘;@éf%EHs wéte Qﬂﬁure&tto theobliastodfst std@é)acccﬁdmg rtolilN§ lalgoratory
u

acturer's instructions. nt hesi zed
stetndoldu protpgok: and¢r @NISInG ﬁmlmﬁllcrlé@%%eémt la oy sERi g Lerowth

P Madi son W, USA). PCR
aﬁ%ﬁchﬁtqeyﬁép& ﬁtg(ﬁg)ena uration for 5 mnutes at 94 0C
f ol | Dweshtiow of MIEST dthesy Alfes dipfestioh ¢ the zo@Oinl@c@ndw Tyrode’s
anneal i ng for 30 second n anneal.in
acigic splatipt (Bigman Strhayis 1\45 ﬂ]t | bOvEER LK&"T‘E ¢ Gyposed
blngcoc?s{sO&ler% laced in whole on a mitotically inactivated foreskm fibroblasts

feeder layer (line F21 which was cultured in an animal free medium since its
derivation until used). For the derivation and initial passages, cells were grown in the
D2 or HA16 culture medium. The cells were initially passaged mechanically every

four to ten days.
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seconds. PCR primers and reaction conditions used are
described in Table 1, hereinbel ow. PCR products were

W@ rmenta3sxt i onat ed using 2 % agar ose PCT/IL2006/000998
gel el ectrophoresis. DNA markers were used to confirm
the size of the resultant fragments. EB formation from
ItESCs cultured in suspensi on - For the formation of
EBs, one to three 5% nm petfi dishes (G einer,

Fri cmmbayﬁmch&‘%ﬂy DYOndigereiidted 9EEECSdwh ﬁpﬁﬁ%ﬁé@&um
cultures were transterred to new 58 nmpetri dishes

system wewe fiepdomeh 4% parabyrmakdehpde ansbiéxposabioghs primgryodnti®odies
% M E1 | ndyst . Ha
(R ABIAiER, Bt or s e aPIS U HeRdE iged GNEEAU s and 4
(@gggmﬁ%dm Usgl/lu{aﬁ{ar@@co@hmbhtdhﬁg&ﬂ(mP%atah@ TRA1-81

Alternatively, prior to th

Qhem@melme@‘@atlon@l Egngwla reiS Ay manme@(Sama Chue Bi@@shnology,
.V
S PP U BB B Pl s

(Ch@ﬁﬁ)cdmi Inftrhatiunali Teghdoald Cps.USA) chaye abéll EBSeot@Afy antibodies

rvested for RNA isolation and histol ogi cal
(1¢ Qﬁlnatlon I munohi st ochem stry, karyotype anal ysis

and t r . ' i
arnLPP R AR Ricyorfs SREC RO BRIAR HE° Spirbited B
le@/2006]ls Hafbeachisamplz, awld stiAfles pedieat, as pr@ldutshrkrleecdhw [Amit
cul i ng hESCs in s were cult in
ot AL RaEimR s o S BOVEPTELPorRNIE by ihs | Htorgational
Sy¥Rah wnmwﬁg&ﬁuamn%mhﬁe' fISegHUM serum
repl acenent and al bunin. To date, the hi ghest passage

of hEBdermetisin- For theounatiosnof; BBs, mette dhred cofliantrwells were

usE% B?%?W%I gla%a(?g%pa Saggéweﬁe%leﬁlg)%d rglq,réaf ﬁﬁﬁl&%glssil?lsmg 1
mPasSeHe sV i ddllhFRasViiadher NB6lkdAMntcAsn I S S iky q@@b ul Gilson

undi fferentiat ed norphol ogy at these passages and can
pipgdter fisheandc (ultuvedd i nsuspessioneitti &8amimmeietri adishdsE$Geeiner,

FrIc @ﬁljxlag@&l Cﬁ]rf?ltaxgbg gl%]%sg%vgﬁee l\V;r)lur eCP I”fexie nﬁzgc{]o%ir%g%um (‘EHI)ISlStlng of
S0 riDENEH S (Beﬂcbglm pad&tried Beio Haemul ds@el)) @Rplehianiea Féleh 20

el R bulbhEh. (5 Mt Y bebiietieciranpes Gomrtion

Gﬂaﬂ@mﬁldmﬁsﬁﬁzx rphol ogy (Figures 9b-e), and if
returned to susSpension cultures, they continued

pr ol RT &CR + botabRNAtad iselaedtfran &ESCe igkewvi fiatoaeml passages in

O S TN
cult@Re! SRR nﬁdr@ hen! LPRALBrLP MRS 'T‘rlnﬁeelgélﬂr\]/(lsﬁéﬁ@%' H&is MO,

the cells were expanded and nai nt al ne
Ulnkliapgasdianttp dhethagufactardrisy ingirudtioast cDNA massmy:hw(e(daﬂran 1

w3 PloL R Ui MU, Vs rsists BRRR s e dgadison
WIEISL). SPOR #dhdtiohf iBE1@asd a&r?a%raﬁzé%r 5 fﬁ%dé& %%42?@ g&hd“%d by

suspension in the presence of the D2 ne
reeatpd ayelss a8 94 Ralfbr 20 saepadnhnk@bing for 30 seconds at a temperature as

specified in Table 1 and extension at 72 °C for 30 seconds. PCR primers and reaction

conditions used are described in Table 1 (see Example 1, hereinabove). PCR products
were size-fractionated using 2 % agarose gel electrophoresis. DNA markers were used

to confirm the size of the resultant fragments.
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1500 cells expressed stemcells markers such as Cct 4

(Figure 8a), TRA- 1-60 (Figure 8b), TRA-1-81 (Figure
W@e)07andsBSEA4 (data not shown). Simlar resul PGT/MEN&/000998

obtained with the CM OOF, DI or D2 nmedi um at passage 5

(p-5) (data not shown). WWen cultured in suspension

culture in the presence of the CM OOF or the HA19

medi um t he cells expressed ﬁ‘?gh | evel s of typical stem

[ 1Q,
ol PRt 28R Do L e

m(ltimd: methnlds gtromnie thsn dérmmgessawecb htyecR:H— iRfcRhamedryleg smuscle of

5vaglf P SCAP ebih IS (oo e G AR (GREH AP Cel

nﬁxﬁﬁé}§fr g(;ea GrdiR sEﬁsaoﬁ%enm Woce%s MBS BnS unﬁk@meeigﬁa to 12
wth 20 FBSd and 1 mM L-glutamne), the cells formed

WEeks et,ft?ntnaﬁ@tiqmgthp apice geene sacrifised pad thestestlting tesaiomas examined
. germlayers. Rhesus ESCs can be al so

hﬁ[g??%gaﬂ in the suspension cultures of the present

| nveBkpérimental Residss results with Rhesus ESCs (nonkey

enbryonic stemcells, |line R366.4, Universit

f
W s cBsimnstudy fheeabdlity o few megmsembd u@sonqv&a%»ﬁ% fﬁ){A19 D1, D2,
atd BKPIHD B)su R@%ﬁ %Hd@fe ntiad éﬂﬁ %r&%n@éﬁo&lﬁ?@ gf fages ﬁ%lﬁerent

transgenic uman ases; were obtalned
cilhee RbeditienERa@s e\xmnmedul Ther babid medimmpadbioorD1, nis taheorktAbreial

6,. D and p2.T | tur dia (d t
i e i ipshesn nipel Biopaien T GG Sy uhfopgs in
SLPSE&’IQ‘;E& ofh& Sddfim $€ fl’ég‘ffo?fp hRiGRNER R proRicRUWRdbroRinst A 16

6RI L6- cont ai ni ng nedi um are capabl € of supporting
anddAdP are hased an defiead rogferials enlgf hESCs, whi l e

il g BESChRAS Lt ARt kR gBscs

ufdifBlefBhtc® BHIARS B%as ARRINSI, smﬁfaﬂr RRGHESLRE WHESERd th b&Bnate
mouse ES cells, are traditionally cultured with MEFs,

thghatihitymaf hiSEsste Efemin oseaerahehlipat stsars namelyt mersentage of
oA Sy P i AR Pl e

clhlaye kyshdre ®asad drufiBropySinesn MﬁﬁlgbﬁgG&?hlclb ateille @bst heedugsirices;
2$ commercial. medi um suppl enented with either TGF b3or

BT annd ke forssian fihwablayt; phessd an Hepmatwe patagneters, the media
ﬁénttéﬂt With %lﬁ}é{fg ﬁK‘l %%g& qu oull83s 'b¥ (?hei most su}table

vati on of rlal or ¢

tqowppols emd:ff&bmﬁcﬁd&rﬁscy pﬁmfaﬁudxhﬁl 4r %S@ﬂtcultﬁh\e&ﬁéthsds Culture
wth TGb3 or, TGFp 1 %Eort hESCs cul ture.
m@d!uflh suppigpesTted Withnl Ot %ﬁr’r GF; apdy, oﬁaﬂﬂecbtqm@pgﬁﬁ@SCoproéqnged

#lﬂﬁe qig L1 lfﬁeete%g g@ c'bﬁdliﬁﬁﬁs Tﬂ&uﬁh%f% ﬁtﬁ@hﬁ@éﬁrﬁ%ﬁmd at

ess backgroun erentiation es of
theladjffeesrsiated stagenin ithese soptitions fohe fewphssagesyite tpr(blﬂ‘ediabn rate

s ood.,as, With the re ular serym cont ai ni di a.
‘?q‘é 2l it gahy PRSSage D gRBIET 8F SRIvaRng BRSSO sRpreptd and the
&éélﬁa l%f%m1fﬁ%ﬁﬁd@®éﬂﬁc&§§eﬁem ages as hESCs

cuI tured wit
D1 medium on a feeder layer-free system is capable of maintaining all

hESCs features along with high proliferation rate - When cultured in the feeder
layer-free systems in the presence of the D1 medium, which is supplemented with
TGFB, the hESCs maintained all hESCs features including high proliferation rates.
When cultured on the- tested feeder layers in the presence of the D1 medium, the

hESCs demonstrated a relatively high background differentiation rate of 20 % and
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using traditional culture nmethods. Furthernore, the

medi um can al so be used for massive suspended culture
w@booanzizss er enti ated hESCs. Two isoforns of TGMUI/ILE@GeH®0998

and TGFbl were tested for their ability to maintain

hESCs in an undifferentiated state using various

culture conditions. TGFb (D& and HAl 6 nedia) was

found to be the nost suitable nedi um suppl enent,
logprobifarathen abitifiés ar eompasekth bESCsicaltwed hES@ssants feeder layers

usi n [ ], t t,est e tur.e possibilities. Al hESCs,
Syﬁ%&%ﬁ%@%@?ﬁﬁ@?@ﬁ?‘@ﬁ‘f‘“ﬁmgs, continued to
~ prol Diepat gndWHA R hel@i M pedaoyBlfrbEate L&RIDI 8F maintaining

t hr oughout the prolonged cul ture. Medi um suppl enent ed
hESCy, i g-grolifesativie dqtl(dbgfetzgﬂttgqqé séee withychromesomal stability and

. i i;at It 2 .
B e SSERSE TR RN
fe@idrtsyar ufreciroedditibind evers icnucl esmtinestisty €6 up 33, 58N04 or 10

HA16% mai ntaj ned al l.. the characteristics of ESCs. . .
PagFagEs: FSPYHYEY, coThilsr emgiaiging (thels dSpadeaiyess, dnpduding

kBt nti AR pRATrH, ChRLRRbMAL 85hilif a8 RARA rl&}fﬂ%&y analysis,
the colony and single cell norphology, and-by
n@ﬁbﬁ%ﬁﬁ&%pbﬁpﬂan@e r Bhet gekgrmund diftarehitiation eates seredfound to be

LAt g JES Thongon 199 1996, 1998;
R 18 o ot R The ftersiAo e opWTiag ha S Gy are
culfiesieirC grdirhdidtgl duRESeSsydteni ®as5A00:5 MEEFS b§ RRIEAES 1dy6F and
the undifferentiated st al%e such as Cct 4, Sox 2, Rexl

, Re
mgdymgiRplsmeated yeitfbsrsen aeriacamenamdbEre mddiEHt {4yt et al, 2000].
' [ t . [ I . .
EERRINE P shBierataRl oo MhiACRIRRED VM BT, P2 by B o i
feederilingr freepoaditionoai withise DMNeRELLF6 fbaiuaxaith e ies@l Ifseder
exhi bi.ted an i%;ar%otgﬁpﬁi abnornelities. The cells'
laygrs pregUpsira 48WSSMAtred in vitro. Cells cultured in
th . L ,
e KESESEulbiel Ph?ee%ﬁiaﬁgﬁgjgfegg sﬂ}?ﬁsgm \Xﬁgﬁreé'gn&a}ﬁslﬁgﬁz'gg the

fornmed EBs simlar to t eat e Fown>on

D2 medhagyiare devald pf autofdeder20b0drestRELPORearthe WESEs were cultured

. deponst r at.ed at cells wthin these EBs .

ma‘fl?%é?%enﬁla?feyii e r dh et BREF R System the cels did no

diffephesent eel pesipdry olf ehel dbl BRIl A¥Efosm ARWAEHIPECeeder-
followng their injection to SCl D Beige mce,

lieregtlst @lsveenlicd r auiniendexdriFieurd Ag), cesnddseiibaddin ofher reports on
fe%de? q%-ﬁ%paﬁtugﬂne%%ts L6 nESLs qggﬂ?tl @;?&?@S% N8;rrg(enénpological

eratoma Tornmati Oon rates were |

diffedeheesavliidiseesbsesved betMisEs colbhies grdviteintthe fécdet RPEV &S culture
t he cel I&]@cul ture contjnuously in the tested culture

SYREMH BB thesmigseun i With cleedeaqlavensofiipyys 3nd)- moserrespondingly,

i t.S.: t .
i ROEL A1 o RO TRIBHLET 2 R IEBEY, B ces
snradld Andnrownds usdeerdiiliiting Bisels nocletsstoecktoplaens mti@seith a notable
conditions for nore than 7 passages exhi iteﬁ .
PIYRRACS P e Hpe pIGen DLy iFd] SApraRe botueeh Bhercells (Bigures Sa-d).
di f {E1LDY,} B 0P MAX AP We ERRUDIL %ﬁﬂﬁéntﬂﬁ@ﬁﬁf@st B8 normal
d an nMassi ve

pluripotency. Thus, these nedia ena
populatian edosblipg i Sitdlae it icelle grovEses MERs delisiculttatewith®2 or

HAFY HARME ! alﬂes&:anctu[tgrle r?liat?lgés? $hd e DI rr]neld?lijnhJ Slrtl rcﬂea%eeder layer-

free systems, were passaged routinely every four to six days, at the same ratio of 1/2

or 1/3, indicating a similar population doubling time as of hESCs grown on MEFs.

The cells were passage at the same seeding efficiency of about 1 million cells per 10
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bi oreactors. These results denonstrate that hESCs can

be mai ntained as undifferentiated cells in the
wee@posss def i ned ani mal - and serumfree nmedi uPECT/IL2006/000998

conbi nation, w thout any feeder cells (D D2 and HAl

6) or alternatively, with cormmonly used acceptabl e

feeder layers (D2 and HAl 6 Thus, these nedia can
research, industrial and

fﬁci*ié‘ate hEggs,culture for !
oIp ), Witho e spop yibdity s ever 95 Vi eYsingd0éh humlah sermirag 20 %

t ul ture of
Dﬁﬁjoﬁfcggfgﬁrtei sg%%gaﬁgg@g%f%@g i%?dmé " and primary step in
devekepotige anolpsis rmealed riodidl KusbSpe bPRESCS khoit Ritfhhe D1,
an

n | e- a crucial step for any industria
D, ?’h‘? 00 0¥ FLALS nedie PATA&TH A% mpHecHicn E8Tferring the cells into
the edstedn@iviloninnisS kSl r l.atH.ng. dat ,
suggest the invol ?gﬁ%}'ﬁs Lé%% iY%%%%aSﬁ%’%n%e%%%}eénslaﬁ)andmg on
tWopsSpRsateeibiivees, fepvrisenting the foud Ofetiurh wondigory, TAl, DR G100 and

005. Che al,, .200 Val di mar sdottir &
HARTSE (6 dffoued Atre iy, AL AERE 29 ,PoTle SUAE dpsteds from cach
samptp, 40 edlld froaxelchimedifia i¥hn |
ciwi’j on of T%Fb@iact the | gegllcﬂ)ﬁglft%gi g’ﬁgﬁ’g@gﬁ@gﬁ?% i ,found to

SUSfRiG normak lpeyotypref 4@KEGTor selibines Botmdrit antl a6, XTvoi cell line 16
t N 0 SCs Wi ui r
8 S OB ool TR, B remain

r epr oduc

stablesinghe teBted aontlitions, similidyltdESCE pReeh WithtIESs ﬁéiﬁg ?(rﬁgftional

i bronecti.n DI, D2 or HAl 6 nedi um and fores
m‘{dll%c{rsgéff’a\é‘?t a}rg@ﬂo}hese needs. The wel | defi ned nedi a
denmESIOs ot ftred Wik RS HE D2S saifable for,
cul turing hESCs and nay ebgl v'lajm algizgxsre Sofpical Cell surface

" magfers -tSerPiah swdese anarkesriyping ofgrhnate snBifefenESed ES cells were

A i nte especi.al ly. of the possible roles of
ex%sf%fg@%ﬁx‘gpg@ﬂ\ﬁg%ﬂgo e %tf%mge npggtls 1982, Ho%s 1998).
hESBe culesedndin 0o i, 06N 84 MR 3Bk mAN o pegpass, while

.rrecFani sms, Wil benefit fromthe avai

usiR | the festednerdtuse gopdifipes ukdrpl feumslika be sstoyslyepositileuts, surface
af S L ' ' .0se e first tipe: 1.

mall PRESE (LRI SO 8983 L LG i it

(datg mirshowh). eds sy sthempsittiateald$ eclisktaBhd vel 43163 A8 weak and
. 2. Defined nedium combi nati ons,

' ' hES
neg%ﬁré%@%@?‘é%iﬂ%mlﬂ Oé’{Pépo_rti ng hESCs culture in
var hESYs eliiteré t;H[]Fth%%ﬂ'ﬁ 9 ?ff{l%r llflg%lut o“’%{p&;{éftgtgnto&/setizsted

Lz
TGFp 1. TGFb3 was never denonstra
by KBy formationsin vitro stTbmdertlbmeal potentlal Uf theSeelb @Rkt Wdlonged

culturing in suspensjion as
cullte, BT SRt it S5 Brtriesd dnvinody Bebmatin of
emiagbidriadie EBY). Afis€ababingn 94! SHIABP.LE A Pr
g_%fl opi nz;(‘ co)nt rol biopr olcl:ceig’sieos%?dn§?(ﬁ%j‘§§%?silglrﬁe&um ]51? D2
and A 16, Jegpsetively hESE's fgspred diBst siudiltthiattheserdradited beaESCe$rown
ME ' I OQsa¥NIaCh , for arity, .describedin
on BEs (Gol SRR, Wit el EEB sieRerll Giainaiics vl cell types
reprosantatide fithe three embryonic germ layers as described for EBs formed from

hESCs cultured on other culture systems (Itskovitz-Eldor et al, 2000).
EBs formed from the hESCs cultured on the D1, D2 or HA16 medium are

capable of differentiating into the ectoderm, endoderm and mesoderm cell lineages

- While undifferentiated cells cultured in the tested medium, feeder layers and
matrices, expressed undifferentiated genetic markers such as Oct 4, Nanog, Sox2
Rex1, Cx43 and FGF4 (not shown) [Bhattacharya et al, 2004], cells harvested from 10
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conmbi nation in a single enbodi nent. Conversely,

various features of the invention, which are, for
whe@viozesss descri bed in the context of a singl ePCT/IL2006/000998

enbodi nent, may al so be provi ded separately or in any

sui tabl e subconbi nation. Al though the invention has

been described in conjuncti on W th specific

enbodi ments thereof, it is ®vi dent that rrany
dafldigrn i )

T o Ty 52 AT RSBl
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Materials and Experimental Methods — as in Example 2, hereinabove.

Experimental Results

The HA16 and D2 media are suitable for derivation of hESC line on
Joreskin fibroblast feeder layers in a complete xeno-free system - The medium
combinations of the present invention were also tested for the ability to support hESC
line derivation. While using the HA16 or D2 medium on foreskin fibroblasts as a

supportive layer, new hESC lines were successfully derived and maintained for at
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Feeder-free growth of undifferentiated human enbryonic

stemcells. Nat Biotechnol 2001; 19:971-974. 7.
woR@hnmeadss M Fong CY, Chan VWK3Wwing PC, Bongso PCT/H2a®000998

feeders support prolonged undifferentiated growth of

human i nner cell masses and enbryonic stemcells. Nat

Bi ot echnol 2002; 20:933-93654 8. Amt M Margulets V,
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wét@ rsﬁﬁiiarl‘to ftidse obtapet Svidk usBRARII TRk Sulfkd RAhoRS. 0%@& tHeMhsed
uman_ enbryonic stemcells. Hum Reprod. 2003

fomkm) fibrphlgats dineg F21\ywerei daviver withaut gny [amm@lamedws th1s new

500 e SHEI iy 0,0 OSSR Py e

hERG Hhesi stid Itehé tcdhw&bﬁaﬂ lfmrutdaiuq@al: lﬂSCSifeamfes?ﬂiéerﬂdSmﬁology and

emcells re 1988: 336:684-687. 12. N wa
pr%ﬁ?&%}?nfateﬁﬁ]gﬁ’ﬁ?r%twma G5 Altuta) f - r enewal of
pl uri potent enbryonic stemcells is nmediated via
activation of STAT3. Genes Dev. 1998 Jul |;
12(13):2048-60. 13. Snmi EXAABEE#t h JK, Donal dson DD,

ot o Tor e SV RED IR s BEI%ID Gri AR EALISERGH by
DREPEA@ZMEMB@MU EEB UANN’ w §UIﬁ3§Eﬁ%§%§@2)IX§§W/@ND

14. Rose TM Weif @Qunder son
Oncostatin MJ(Z@QW‘AINHNGIES@WSUSPMW\&H on of

pur ot ent m cel [ n.Vvitro. K Cytokine. |
Pos it §eigiie T3 posabified 1b gune 1bS I Amentsbineymess Aemid of
sehi, e Seftm @RpldEdhdht VErd DeGltiRr &irddf (B0 @1@0 U0 SexFihding  and
G liary neurotrophic factor maintains t
mynigitipghEBEs & pn yndiffecantinted rstate, SthSGscetlescultured in suspension,
as@y(ﬁ%soprrent 1993 119(3):559-65. 16. N chols J,
ers I, Smth A Derivation of gerniine conpetent

enmbridomiials sind ExpRlinfendl Mlethodombi nat i on of
interleukin-6 and soluble interleukin-6 receptor. Exp

Cel IEYssindicydiuronmdia- 87 cgturgszandithe testsd ngeadia: D1 medium, D2

wdSHST L EARf, 5T AT N e s
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%82 1145- 1147 e[Serr umin Science 1998, 282: 1827] .
replacement, were as d crlbe in Example 2, hereinabove.

Culture in suspension - To examine the possibility of using the TGF B-
containing medium which is devoid of serum, serum replacement and albumin for
scalable culture of hESCs in suspension, hESCs‘were cultured in suspension in 58
mm petri dishes (Greiner, Frickenhausen, Germany) in a cell density of 1.5 x 10° to 6
x 10°. The HA16 medium was supplemented with 0.1 % F68 (Sigma, St. Louis, MO,
USA) for the suspended culture. The cells were passage every 5-7 days using either
30-60 minute incubation with 1.5 mg/ml type IV Collagenase (Worthington

biochemical corporation, Lakewood, NJ, USA) or 25 minutes incubation with 1.5
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18. Reubi noff BE5 Pera MF, Fong C5 Trounson A., Bongso
A. Enbryonic stemcell lines from human bl ast ocysts:
W@ waneesdli fferentiation in vitro. Nat Bi ot echPoli/ 112060100998

18:399-404. 19. Amit M & Itskovitz-Eldor J.
Derivation and spontaneous differentiation of human
enbryonic stemcells. J t. 2002; 200:225-232. 20.
Thonson JA, Kalishman J, los TG Durning M Harris

mg/taP, ty}%@VeColﬁ‘genitﬁafdMOJ@d by ahvat iniute ibuBAtidiRtEth 1 mg/ml
enbrgw ic stemcell line. Proc Natl Acad Sci USA 1995:
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O o o U ARt R R PRI PR or
in vﬁ‘% lferfiliPAMAR g@ﬂboﬁ%l!m\/iéd%ﬁ@dmgé Y, SHRMicedd faformed
2005b; 23:31 Chebath J5 Fischer D, Kumar A,
conseht fonnskollest couplesua}glrsdmnt The riadighnal IMF peosedurg @ifigr gyarian
stlnu'}lf’:‘agioﬁ '%1 §' l a%%jfro s a§ Y l re r{%(/grl iﬁgétgs gfere c ltured to the
recetor-fglil g ds pro Wi th enhanced
blastoﬁifﬁrét@g-li( la&:o@dﬁlgﬂ@ WEllabdr@mﬁ sagidand pioescol:Eunider oil using
qiome Netw.  1997; 8: 359-65. 26. Kollet O, Aviram
specplizad pat /42 meé@n Toyy dnsemingiigne rerawihsigng ¢ blastocysh develgpment
(Cox% )Lapl dot T. The soluble Interleukin-6 (IL-6)
eceptor/IL-6 fusion protein enhances in vitro
mailDerandere of ARSCpingb in e saspensionfcultureonFARBMinCER8rehiosal of

the e EERR O e THCS P TR Tb L0, ShDe IO, BBA). the
trophbB1aR qaﬁ lé\l@%aﬂxﬁdaﬂy *%emblvéu eMer%ygﬁﬁhuMurge?ﬁ B3P infd¥Ranically

t hr oug a nodel of the cytokine system
usingy/g mecrb.le@ Bt exposest IQMFReﬁmlmg oUltged i sBpensk@ cymewith a

suitaie ofifd By o, HETRT0nr IS Pl RN rifhuy, the

cellsaré dlecharcalydpinudagt T wRbles: f ree, xeno-free,
feeder-free and protein
RT PCR analysis - Total RNA was isolated from hESCs grown for 10-15

passages in the suspension culture using Tri-Reagent (Sigma, St. Louis MO, USA),

according to the manufacturer’s instructions. cDNA was synthesized from 1 pg total
RNA using MMLYV reverse transcriptase RNase H minus (Promega, Madison WI,
USA). PCR reactions included denaturation for 5 minutes at 94 °C followed by
repeated cycles of 94 °C for 30 seconds, annealing for 30 seconds at an annealing
temperature as specified in Table 1, hereinabove and extension at 72 °C for 30
seconds. PCR primérs and reaction conditions used are described in Table 1,

hereinbelow. ~ PCR products were size-fractionated using 2 % agarose gel
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carrier-free and capable of maintaining stemcells in

an undifferentiated state. 2. A cell culture
W@ owpoeeshg a stemcell and a cul ture medi um BEI/TL2006/000998

cul ture nedi um being serumfree, xeno-free,

feeder-free and protein carrier-free and capabl e of

mai ntai ning said stemcell gyin an undifferentiated

state. 3. A nethod of expandi ng and mai ntai ni ng stem
elecledpbordsis. dANANdidrkers emtriecatisd $d atoafirrh hthensizbasf the resultant
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Ture ne elng ree, Xeno-
pn@mt«b @smtteamfec ao rthe EB‘-dlékremmdtlmamdalhmn ofhenES(Dd flefd Bigbject to

e e e PE T Evines Bl BB PIOKER o halscluips

u&ﬁ@‘lmpﬂﬁﬂ '}ﬁf)éﬁe‘ ﬂﬁS’s | Imgﬁg@ld%‘:{%ﬂe%ﬁ@és{eﬁ ff){ R;@A isolation

onic stemcells, the neth conpri sin
anddustp gicabexahdnaivior yoni ¢ stem cel | s | n a cuI ture medi um

bei ser xenp-free, e and protein

car PilepEloe B isyeliet angbie 4t Fguiome Jarmegont-svee
perfir@el 6€ddseribédl ATERARMIS 5 SletlibdiRlEd State, to thereby

obt ai n expanded, un i fferenti ated enbryonic stem

cel Experimpntal Rysults i ng sai d expanded, undifferentiated

I I dition tabl e .
For THE FREIOEe B, 1, B i B0 AmE 0 ar s A0 e Plring
leSé& inssyispeistiby- IESEY wire RYltided ik Mk@&ﬂs%rﬁlﬁls%é fhk %e@gl deVeloped
omthe enbryonic stemcells. 6. A nethod

TGE @?té’tr‘i‘fkggmé%ﬂywpés Béénheare fdegpidenfieyumi ssrem eﬁpla@m@; and
s, PRI FAEAS) Do AR R ROLON e o

stem cel In acu ure
mediematypaseesre Begaiaiges e theaD ntidaire) T peRagdsah thd Be A&um, 10.

I ntai ning_ the enbryonl c stemcells in an
pesiERs Py Bp B0 (Einetfion w1 pessersarisie GHIOOR rescbamaed] KESCs
Ry R Y e
thesstraediz and maintnic bESUs ifeatureo nﬁlstologmalseeﬁcﬁis log tHetHESCs clumps
formeJ it gghép%tnlsgg cuPures el?bst ateglh%nf’otgeerrlréo%%lcleﬁ ptoguligglg yoofI rgund
cells with large nucleus (Figures 9a-g). In addition, when the cells were plated back
on MEFs, they created colonies with typical hRESCs morphology (Figures 9b-¢), and if
returned to suspension cultures, they continued proliferation as undifferentiated cells
(data not shown). When hESCs were cultured in a suspension culture in the presence
of the serum or serum replacement-free, IL6RIL6-containing HACM100 medium, the

cells were expanded and maintained in the undifferentiated state for at least 1-2

passages (data not shown).
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bodi es; thereby generating the enbryoid bodies from
the enbryonic stemcells. 7. A nethod of generating

wo pvgagssspeci fic cells fromenbryoni c st em cePCHIL2006000998
nmet hod conprising: (a) culturing the enbryonic stem
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onprising a TGFb i.sof orm and bei ng devoid of serum

medigp, ther ol sxpieasad high leyelst ofi tipical yiprarcellgmantiesrs sugfpas Oct 4
(Figte 1652 HERT, (6B 1680 3BT (FgufBal 2 ANAOASHED"B6) 4 FOF4
(dataamp shewmpsalestoastraeal by RAPGR andlysis.e medi um said

cul tur diumconprising a T i sof oy m and [ n

oV B siesi i B cobrile o JaeinE B 1 P egfoved
froMf18E BINDIAr WAL hiddifn B ttifsfered 3P RBL Sncdiun B0 ADIEAY/F12

said stemcell in an undifferentiated state. 10. A

supprartestedo it garféi KBS rednhi mMailnglutpngnemtbe|cels ifornzad EBs

ndi fferentiated stat t he et hod conpri sing
el FrE RPN E faied b redd ST EPE G Lim whi ch
CONRksIBESCS b bé aRb Qulturedtn iR RigspdRIOh QubiireS OF Wid present
serum replacement and _protein carrier, said culture

invgrtipry mSiwilag gesplte vath Rbgsys HSGsngnankey smbryeds stem gellg line
i f i te. ' . .

ol CASESILLPUESLALAL BipbIERY, ARSI on, Wpeonsin

whihatre reghfidedfasngtod adndiflate efoi trampgemin neotdet yo himas tisrases)| were

line, th t hod rising: (a) obtainin
obtglaEd Yiih theoAsPe EPLS Mep b HEReROR s B 1L LDl and D2
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Tngg%%%?glﬁé %?lggtéjénég@g%tgt%hg; aﬂ'd (b) culturing said
enbThontie sdve MEEP-torttinmgcmbdiume wikech ismdehuid Pf serum, serum

conprises_a TGFb isof orm and being devoid of serum
replageifat, apd atlbweHs o dbe IbOBlO-sontrinme naggivm caer Garable of

UM _ : i . Vani G
supfBHihe SREAALRIAL. TIGHE B ERSCK REBE Y BRlfuinb g ThesCs
chatdotersstibs, \endi powitle metiedds bt n@ssive culture of these cells for industrial

and clinical purposes.

Analysis and Discussion

hESCs, like mouse ES cells, are traditionally cultured with MEFs, which may
expose them to animal pathogens. In this study, the present inventors have
demonstrated, for the first time, a defined animal, serum and feeder layer-free culture
system for hESCs, based on the use of commercial medium supplemented with either

TGFB3 or TGFP; and bFGF, and human fibronectin matrix as substitute. This medium
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12. A nmethod of generating |ineage-specific cells from
enbryonic stemcells, the nethod conprising: (a)

W@ ored3sy t he enbryonic stemcells in a cul t uP€r/mediansn9s
whi ch conprises a TGFb i sof orm and being devoi d of
serum serum replacenent and protein carrier, said
culture nediumis capable gf maintaining the enbryonic
stemcells in an undifferentiated state, to thereby

is dabiigaéchfoe xpaside dyltivatitiof dfeels in GivERIfoe ﬁmmystr'ml or slisital purposes.
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cult Lumil s panl e o nalntalnlng the e ryonlc
usiag SAIEEPA SIS, ctigis 1 SHERTRelee thesmgim con alserhysed for

magweagugp&me@&ﬂaﬂa of‘{ﬁ?dlﬁ“‘ex%ﬁﬁé}éd @sgés enbryoni ¢ stem

cells;  and (b) subjecting sald expanded,
undi¥vb dsefotrhabéd @) I scanslt EGFPglvbese ttestemfdr uhéin @bility to
conditions suitahle for differentiating said enbryonic

maigiaphEa(s &n ap updibfereptiated stifeusing MarasFuleeoaditiogs ETHs
(szregyﬁ)g?g? tlﬁgdl S whab %IIM] %o %b{}%oﬂl' §&1?a@lei ?Ae!dfum ]s%lppﬁment

gen ratlng | neage- spec ic ce
suppotting omdiffefeatiated | duftiuret b€ HBSJs0evhile Ming iatig the( @sted culture

posg S ARG TRl %@Mgﬁsm@ﬁ it Wi
reta%ﬁh%' Mhorsifl umgpkaaﬁege %maggo&er ffeei ﬁ%&cﬂ Qhultud dMedium

ure nmediumis capabl mai nt the enbryonic
supplegrented|with TOFS n(DJhnhleﬂniler) @ntth«ad:cmﬂrasy, aztae detronsthetedtaysupport

dj ff t
undgerPutau FESS Bt ply Wl s et Har PravE AT e
e ”bCMQrEu%uﬁetde\aneeﬁélﬁg ﬂl@secr%dlh! '(]D PdDE, Odi‘lﬁ' HA P@%&Hfa‘ir?e?l & the

for differentiating sald expanded, undifferenti at
chagaetarigoes of BSGm Adlet qulmlgsmwgimecbfbn@heéhan 20 @a(sages the cells

G N A SR

and&)?ptihe @k prgsdiomepGarkeBEE bichCot@ldifFerehtitRs RYMEIRTES@ [THmson
the |ineage-specific cells fromthe enbryonic stem

et abel993, 1996, 1998; Reubinoff et al, 2000]. In addition, while cultured in these

conditions, hESCs expressed specific markers for the undifferentiated stage such as

Oct 4, Sox 2, Rex1 and Nanog, as demonstrated by RT-PCR.

Karyotype analysis carried out on representative cell samples demonstrated
that the hESCs’ karyotype remained stable in the proposed conditions. None of the
examined cells exhibited any karyotype abnormalities.

The cells’ pluripotency was examined in vitro. Cells cultured in the tested
culture systems for more than 10 passages, formed EBs similar to those created when
grown on MEFs [Itskovitz-Eldor et al, 2000]. RT-PCR analysis demonstrated that
cells within these EBs differentiated into différent cell types representati% of the

three germ layers. Furthermore, following their injection to SCID-Beige mice, hESCs
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15. A culture nedium conprising an |IL6RI L6 chinera,
wherein the culture nediumis capabl e of naintaining
wheovan2esbr yoni c stemcells in an undi fferentiBCBEN2006/000998

state. 16. A cell culture conprising a human enbryonic

stemcell and a culture nedium said culture nmedium
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t-Tnplantation stage bl astocyst and/or a genit

al
, pluﬂpmw oﬁhm,ftbtswsmeéﬁdcf{tb)%n%hh tassiyg @Bt o nbmﬁhfferenﬁated

eSO TG bl S R HIEED iy i

biorEARAR! e of mai nt ai ni ng the human enbryonl c stem ceI l's
in an undifferentiated state, th der|V| M 4
emﬂﬂy@en resubis depmenstiatq thabhESGS can tagred s $ifpgtiate

- celld {ﬁx%gg g@s%ﬁ'c{e!ﬁﬁec?@}z Lr%l e%mrﬁ’é%nﬂngdl%ﬁle&rﬁﬁhﬁt%n, tfithout

culturing the enbryonic stem
any deddes cells (@ 1¢ D2t and H ABE)i mmlmmwhelgowph icomgcaly WsedRcegptable

feedepdmarb DA AR ke oPFS 1S anedif s rebfits BEAG: Sfd%or
resetaﬁ:ht Hﬁl’hﬁt{ﬁlﬂ o éﬁrpca@ PRAded, MeR@ivEL, ieRd hoadletllterhhydinivere

and (b) “subj ecting sai d expanded
foumhtb éliwpetrﬂuslaﬁnddd evltirg of wdsffemt@m lsESp%S &g fitst japg) primary

stepegppcg Oﬁaisg z-? ﬁseatgégelz gxblgo{a fs?sltérfg Pf Eﬁe'na% %]&glé%’é?_ay a crucial
steﬁﬂ'cb@ahy RRageabaRdlhical @kl s from the enbr yoni c stem

ls. 20. A nmethod of neratl ng errbuim d.bodi es frlo
ean%W?@la@tS@th abjch hE otk ndear o yrccumulating

| t
S 0 AR AR P ey o,
2007 Qg &t £12RB0E;ETagtes rRiaNt 2005t Wheh et ard00p Mabdimbesdottir &

cells in an undifferentiated state, to there(f) obt?
Mugypeaynd @806].  Further complementary research is required to explain the

underlying mechanisms of action of TGFP at the level of signal transduction, and the
fact that TGFp3 is more potent than TGFp;.

Future clinical uses of hESCs will require a reproducible, well-defined and
xeno-free culture system. The culture method described in this study of fibronectin
and D1, D2 or HA16 medium and foreskins fibroblast meet these needs. The well-
defined media demonstrated in the present study are suitable for culturing hESCs and
may be advantageous for undertaking research on the mechanisms of ESC self-

maintenance, especially of the possible roles of the TGFf pathway. Other studies
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undi fferentiated enbryonic stemcells; and (b)
subj ecting said expanded, undifferentiated enbryonic
we@mz@sd s to cul turing conditions suitabl e fPCT/IL2006/000998

differentiating said enbryonic stemcells to enbryoid

bodi es; thereby generating the enbryoid bodies from

the enbryonic stemcells. 621. A nethod of generating

| i neage-specific cells fromenbryonic stem cel I s,. the
usinghEBGH, smh‘pls |tb¢ regearclapn dlifferemtiatigh mathveays e)é meshatigns. will

ells in a tur [ L6
benelif ifiom tz!i‘ea 116 O?Gr%e%? “\Sgnauﬁ&;‘eg’%ﬂéﬂ é?lﬁgnalg%st@éagl!l ni ng
th Q“hﬁmﬁé/ﬁ@kéht sivemieelisslosa famnthe figstfiiner ent i at ed st at e,
to thereby obtain expanded, undiffereptiat ed e onlﬁf:ee

st ém celA Jlefinpd, zem)-E8e:i ﬁ"g’“%‘aﬁﬁﬂg&pré’ﬁ gment or i

undi £ f t SMERL. s to culturlng
SySt%IBﬁ'dt b?%ﬁogtbgﬁll ‘fgﬂ%f% i(y('it%‘?ﬁ{er ent i aétl ng said expanded
undi, f f elllﬁiilnleatrﬁeﬁﬂlmrrhroytﬂ]mamom; drgldgldifsctive emargp@rtmg

cultsdn sstiely Qs HRabe: Lrony 86 TDERr vrcfCr L FoEps was
nevd:;d]fef n&ﬁqé t}ﬂgmg{éds{eﬁrreﬁém _eiig daigeage specific

nerating the |ineage-specific cells
framthes eﬂﬂﬁy@ niystest ehatcellbws 1ESC Thdtumisghod spspension as

| 19 d/ 20, t I
undifieerated PRt § ot CPUE vy aesBERRISE L oy o oS
medﬂ um A Q@alé’:ﬁ«l: kulﬁ%ts&'sft&naﬁﬁ’bﬁ@l'é fbihée higdcontrot bidpraesses

5, 6 and/or 7, wherein said culture nedi um
mmrtmmalblomglcmrérGFb isoform 24. The culture medi um the
cell culture and/or the nmethod of claim23, wherein
said cul ture nedi um bei ng serum repl acenent -free. 25.

Thet %Jﬁﬂpiécﬁatﬁ@ dlihat Berthinefetlds of thé imventow/valrich ke, |fmt tledty,
of clainme 1, 2, 3, 4, 5, 6 and/or 7, V\,hereln sai d ded
desgritiedu e th@d‘FmeP@oﬁf)rSPB"rrﬁfﬁ BRI nishi MY Alsode pRayided in

I
cong)mat% h8n @Qﬁ%@gﬁ{bo{i{}ﬁ?@e r(rie g@ti]rsr%lgg\?arﬁuss ?E%hl{éﬁ é)}lé Itlﬁé“ﬁ'{v@ﬁtlon

whichiafe far edityhies@itedsaitie sirgert oflal s;mm emhodiment, may also be

enbryonic stemcells., 27.. Th t hod of clainms 3, 4,
Pfoglde‘és%ﬁ?ﬁ?iy o 1n We?uétiahle%]?(d’nﬁﬂ'{‘%?'@fﬂe nedi um conpri si ng

L6 tﬁ@ﬁ%ﬁhm&e EfvoRfith NG 6RA aakabaI Yol mcabenvigle! spscific
are n enbryonic stemcells. 28. The culture

embrtiinents theheofoiglis evaddnt thae many ah@nﬁ%weﬁdaoelﬁ%tw&s #gd yarigfions

nd/.or erein s b 1l
wil i Fiapiet v i Sl pd DG B Fh AT, £ iR g embiacy o
sucﬁUelltteraﬁv@J rh&BfiERIIAS tn@fvagih@brssthat Bl wvher ﬂlempmm ahd broad

culture nediumis capabl e of expandi ng said stemc

scopg ofirthe appended claims.  All publications, patents and patent app 1cat10ns
mentioned in this specification are herein incorporated in their entirety by reference
into the specification, to the same extent as if each individual publication, patent or
patent application was specifically and individually indicated to be incorporated
herein by reference. In addition, citation or identification of any reference in this
application shall not be construed as an admission that such reference is available as

prior art to the present invention.
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undi fferentiated state. 30. The culture nmedium the
cell culture or the nethod of clains 1-14, wherein
31. The et hedr/of2006/000998

. claims 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 19,

10.

20 and/ or 21 mhereln said culturlng IS effected in
suspensi on. 32 The nmet hod%f clai m 27, wherein said
suspension i s devoid %%ﬁ E%r adherence. 33. The
nmet hod of clains 3, 4 E ‘Seto 11, 12, 13, 14,

17, 18, 19, ZQA@Hﬁioﬂhlr%}ére)mematealande.ﬂpltur| ng is
effect ed on a feeder-|ayer

mat
- of AmlitaMysCapenter K gln Oflumtd\isi Phuiér i’ztéia"fi% 3"%&0 A,

19]&tsk%)%1t§%%oqr1 ZhonMBE 7RI ISR (ﬁ&ﬁ@ﬁ rhdn?a)ﬁeémfnry@ﬁlc stem cell

S a frbronectin matri X. The net hod
cI latem?maﬁntaéh phirip6tendy; arid)prohiqrati@, po_t_@;ttal for mlongg,l pagods of

nd/ r culturing is effected on
g%qvlzél"lg@% %2226??%3 medi um the cell culture
orBBattFacHﬁS/Q@ Mfur& |Ta'BT§ncﬂen3c3rg RNBLRHS IS 806 Y:ut{tmg BX, Joshi
medi um i s” xeno-free. . The met hod of cl ains

6, BI, Ireas G1 Thies RS, Agit M4Ly9.rrsl Condie®BG, 2&%#@1@#01‘211 Rao MS,

sal-d cul turin f
ouP i RS Hclims Plolissid ls” piaRE byl Sl Wk Bines; yejoue
C UinblecBlaPsighdtarenEBlood 195105{&3:295684 m0410, U, 12, 13,

14 and/or 23, wherein said TGFh ofoymi h
- i sBplkgran L PP@F&I&)ZaehrS@H Frpsch WM, rAndres gﬁ?EtGE%V‘EZéE dor J,

Cub‘éfé %ﬁ?%\}:ﬁﬁ“@ oggﬁglmg %lgsto ma%ltalilloseltitjene\%gl of%human

erei n-sai isoformis a
[ sahbnynni& stehiEElB) SteﬁDCelTshéO%fH(tﬁB &7h8di um the ceI I

- o ypsBraoakn Beine deRopsa Abh mapen N ik ¢ Thipor TaRose-

41Joh£h§ H%Jek% evEREndRe & éféﬁ(‘)tbn@%htﬂtﬁ@noém&ﬁ%ﬁ%tdmdeﬂs
of claim wherein said éfr ovided at a

cotscSélh%T&tndepﬁmiﬁntOSt@m ﬁglﬂ&ﬁZOO 22(4xB&2-8% t ure medi um

SERLNEIL b 8o IS T 008 A BUSE LB B o

0 plufigbtthey 43 hurhbe agdlnhouse eftdyenie stehecdBl thraughtactieatim of
t he nethoo?lof claim 39, wherein said TGF;’({ eIGov an?

L Ve cearoting 14 BhTERCHO BRI R popif T U HMe 004
th%}ngﬁj(%%{m;]ure or the nethod of clains 1-21, 23

erein said culture medi um conprises basic

. fi Buo®) Bmku@ad\JBthah}tmﬂ ok, KEndurReGold iy €arpenter MK.

t he cel or. t e net hod of cl aim
mg? Chofieh opr] o ndiFicusie 05 PO Core o Ria PN Splls Nat
P%teéﬁnﬁgé(?ﬂlf 14971-5hg. cul t ure nmedi um the cell
ture or thé nmethod of claim44, wherein said bFGF

i stuhardsdédFmg @Yc6hae i aloog P6} Bangioohdiumanfreders support
prolonged undifferentiated growth of human inner cell masses and embryonic
stem cells. Nat Biotechnol 2002; 20:933-936.

Amit M, Margulets V, Segev H, Shariki C, Laevsky I, Coleman R, and
Itskovitz-Eldor J. Human feeder layers for human embryonic stem cells. Biol
Reprod 2003; 68:2150-2156.
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culture system for human embryonic stem cells". Biol Reprod 70:837-845, 2004.
Hovatta O, Mikkola M, Gertow K, Stromberg AM, Inzunza J, Hreinsson J,

Rozell B, Blennow E, Andang M, Ahrlund-Richter L. A culture system using



47. The culture nedium the cell culture or the nethod
of clains 15, 16, 17, 18, 19, 20, 2 1 and/or 25,

wab@reedssai d | L6RI L6 chinmera is provided at aPCT/IL2006/000998

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

concentration of at least 25 ng/m . 48. The culture
medium the cell culture or the nethod of clains 15,

16, 17, 18, 19, 20 and/or g1, wherein said culture

medi um conpri ses serum or serum replacenent. 49. The

C hbhaut eforesilinurfibrobiesteeds feadet usedisonlldwe preditidnobf human

glalﬁai {%glwcrﬁéfa% gﬁuﬁlﬁu&égmrag&ﬂ%gérlﬂﬂé(g} 1‘@ %Wher ein sald
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f WiwoH, Bardnen (flnbeb?, Skhe AES O aldfPhiFipolent embryonic
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efteic calds iy medigtedaniac artigdipar af i DABY- Sspes Davi sER8s Jul
a@qé@ﬁ gb UE- | i ke structures contained within said
|) |es 53. The nethod of claimb51, wherein
s 81mith| 50 Ht-ath JKl DoaaldsorsPB; Wang @6l Moréam o Staht Mg Rdpyrs D.
L.ectin id emhry bodies to differentiation
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54. The culture dium the cell culture or the
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qjytqu@ m@;h@m)z;glga ceII -culture or the net hod of
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<212> DNA <213> Artificial sequence <220> <223> Single

strand DNA ol i gonucl eoti de <400> 1 gagaacaatg
wagmabassra gga 23 <210> 2 <211> 23 <212> DNA RQI/B:2006/000998

Artificial sequence <220> <223> Single strand DNA

ol i gonucl eoti de <400> 2 ttctggcgcc ggttacagaa cca 23

<210> 3 <211> 24 <212> DNA _s213> Artificial sequence

<220> <223> Single strand ol i gonucl eoti de <400> 3

21.t gThdngsdat gA] Galigahgaq, agaes 2AG,<Bltking M2 Ha?rl@@FleI@a?n TP
DNA <213> Artificial, sequence <220> <223> Sin

stFlarpoteniacell i lgsh darived | Bem<agomon magersshdtal i jacchus)
a@&a%qz;@@kcm&% foll 1996035:2555k0> 25 <212> DNA <213>
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<220> <223> Single strand DNA ol i gonucl eoti de <400> 5

gctggattgt ctgcaggatg gggaa 25 <210> 6<211> 25 <212>
wOrATAZBS> Artificial sequence <220> <223> Si npdEIL2006/000998

strand DNA ol i gonucl eoti de <400> 6 tcccctgaag

aaaattggtt aaaat 25 <210> 7 <211> 22 <212> DNA <213>

Artificial sequence <220> 23> Single strand DNA

ol i gonucl eoti de <400> 7 gagtgaaatg gcacgatacc ta 22

Wﬁ% X O ARVIED B2 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 8

tttcctctcec ttcttcacct tc 22 <210> 9 <211> 22 <212> DNA
<213> Artjficial sequence <220z < > .S .
DNA Lol i g dAhﬁ‘él?‘g% me%bu%}ﬁ&l&g sg%ﬁ'l-ﬁee,%a%ﬁo-ﬁ%é,nﬁgferﬁfgeaaﬁg protein

carrier-free and capable of maintaining stem cells in an undifferentiated state.

2. A cell culture comprising a stem cell and a culture medium, said
culture medium being serum-free, xeno-free, feeder-free and protein carrier-free and

capable of maintaining said stem cells in an undifferentiated state.

3. A method of expanding and maintaining stem cells in an-
undifferentiated state, the method comprising culturing the stem cells in a culture
medium being serum-free, xeno-free, feeder-free and protein carrier-free and capable
of maintaining the stem cells in an undifferentiated state, thereby expanding and

maintaining the stem cells in the undifferentiated state.

4, A method of deriving an embryonic stem cell line, the method
comprising:

(a) obtaining an embryonic stem cell from a pre-implantation stage
blastocyst, post-implantation stage blastocyst and/or a genital tissue of a fetus; and

(b) culturing said embryonic stem cell in a culture medium being serum-
free, xeno-free, feeder-free and protein carrier-free and capable of maintaining said
embryonic stem cell in an undifferentiated state;

thereby deriving the embryonic stem cell line.

5. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(a) culturing the embryonic stem cells in a culture medium being serum-
free, xeno-free, feeder-free and protein carrier-free and capable of maintaining the
embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells;

(b)  subjecting said expanded, undifferentiated embryonic stem cells to

culturing conditions suitable for differentiating and/or expanding lineage specific

cells;



ggagttatgg tgggtatggg tc 22 <210> 10 <211> 22 <212>
DNA <213> Artificial sequence <220> <223> Single

W@ 200a/0263ENA ol | gonucl eoti de <400> 10 agt ggt gacBCT/IL2006/000998
aaggagtagc ca 22 <210> 11 <211> 32 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA
ol i gonucl eoti de <400> 11 atgtggcacc acaccttcta
caatgagctg eg 32 <210> 12 11> 32 <212> DNA<213>

Ar tithdrEhypbenSRAYE ﬂ%irl%&%?peﬁﬁ?@&ll@iﬁ%ﬁi e Shibayishidbém cells.

ol i gonucl eoti de <400> cgtcatactc ctgcttgctg
atccacatct gc 32 <210> 13 <211> 18 <212> DNA <213>

A 10 o RS TR TRk P SAR B oo
thd Ahethdd Lampdising:

(@) culturing the embryonic stem cells in a culture medium being serum-
free, xeno-free, feeder-free and protein carrier-free and capable of maintaining the
embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells; and

(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said embryonic stem cells to embryoid
bodies;

thereby generating the embryoid bodies from the embryonic stem cells.

7. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(a) culturing the embryonic stem cells in a culture medium being serum-
free, xeno-free, feeder-free and protein carrier-free and capable of maintaining the
embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells;

(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said expanded, undifferentiated
embryonic stem cells to embryoid bodies; and

() subjecting cells of said embryoid bodies to culturing conditions
suitable for differentiating and/or expanding lineage specific cells;

thereby generating the lineage-specific cells from the embryonic stem cells.

8. A culture medium comprising a TGFp isoform and being devoid of
serum, serum replacement and protein carrier, wherein the culture medium is capable

of maintaining stem cells in an undifferentiated state.

9. A cell culture comprising a stem cell and a culture medium, said

culture medium comprising a TGFp isoform and being devoid of serum, serum



<212> DNA <213> Artificial sequence <220> <223> Single

strand DNA ol i gonucl eoti de <400> 14 tcggcgccgg
w@omgatasat 20 <210> 15 <211> 23 <212> DNA <21BCT/IL2006/000998

Artificial sequence <220> <223> Single strand DNA

ol i gonucl eoti de <400> 15 gcgtacgcaa attaaagtcc aga 23

<210> 16 <211> 25 <212> DNAy<213> Artificial sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400> 16
replageadnt caml qaota'gx:toagier,agmurei%sai@ 16uittg meditm 43 eapabls of

DNA. <213> Artificial s > <223> Singl
mapfaiipe FRASEM k)lr’rH@PéIB ﬁﬁ‘@é§ "’%7 taccatglcgg °

ccagt ggtgc get 23 <210> 18 <211> 23 <212> DNA <213>
Artificial sequence<220>
10. A method of expanding and maintaining stem cells in an

undifferentiated state, the method comprising culturing the stem cells in a culture
medium which comprises a TGFP isoform and being devoid of serum, serum
replacement and protein carrier, said culture medium is capable of maintaining the
stem cells in an undifferentiated state, thereby expanding and maintaining the stem

cells in the undifferentiated state.

11. A method of deriving an embryonic stem cell line, the method
comprising:

(@) obtaining an embryonic stem cell from a pre-implantation stage
blastocyst, post-implantation stage blastocyst and/or a genital tissue of a fetus; and

(b)  culturing said embryonic stem cell in a culture medium which
comprises a TGFp isoform and being devoid of serum, serum replacement and protein
carrier, said culture medium is capable of maintaining the embryonic stem cells in an

undifferentiated state, thereby deriving the embryonic stem cell line.

12. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(a) culturing the embryonic stem cells in a culture medium which
comprises a TGFB isoform and being devoid of serum, serum replacement and
protein carrier, said culture medium is capable of maintaining the embryonic stem
cells in an undifferentiated state, to thereby obtain expanded, undifferentiated
embryonic stem cells; and

(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating and/or expanding lineage specific
cells;

thereby generating the lineage-specific cells from the embryonic stem cells.



<223> Single strand DNA ol i gonucl eoti de <400> 18
gaattctggt tatcatcggg gaa 23 .<210> 19 <211> 23 <212>
WONATAXBS> Artificial sequence <220> <223> Si nRUBIL2006/000998
strand DNA ol i gonucl eoti de <400> 19 ctacaacgcc
tacgagtcct aca 23 <210> 20 <211> 24 <212> DNA <213>
Artificial sequence <220> 9223> Single strand DNA
ol i gonucl eoti de <400> 20 gttgcaccag aaaagtcaga gttg 24
<2103 21A<@thnd 28 gepdratindunbapidbodies fiemeembrygaisudema sells,
<220> <223>.Si ngle strand DNA ol i gonucl eoti de <400> 21
theé?%tg%q@‘ﬂ?ﬁnsé’?%;a.tcagat gaacg 25 <210> 22 <211> 25 <212>
DNA(5213 guifirddgfl 16l @intpstiensen <eAR> ik 22 IultGiengiedium  which
strand DNA ol i gonucl eoti de <400> 22
comprises a TGFP isoform and being devoid of serum, serum replacement and
protein carrier, said culture medium is capable of maintaining the embryonic stem
cells in an undifferentiated state, to thereby obtain expanded, undifferentiated
embryonic stem cells; and
(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said embryonic stem cells to embryoid
bodies;

thereby generating the embryoid bodies from the embryonic stem cells.

14. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(2 culturing the embryonic stem cells in a culture medium which
comprises a TGFpB isoform and being devoid of serum, serum replacement and
protein carrier, said culture medium is capable of maintaining the embryonic stem
cells in an undifferentiated state, to thereby obtain expgnded, undifferentiated
embryonic stem cells;

(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said expanded, undifferentiated
embryonic stem cells to embryoid bodies; and

() subjecting cells of said embryoid bodies to culturing conditions
suitable for differentiating and/or expanding lineage specific cells;

thereby generating the lineage-specific cells from the embryonic stem cells.

15. A culture medium comprising an IL6RIL6 chimera, wherein the
culture medium is capable of maintaining human embryonic stem cells in an

undifferentiated state.

16. A cell culture comprising a human embryonic stem cell and a culture

medium, said culture medium comprising an IL6RIL6 chimera, wherein said culture
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7. A method of expanding and maintaining human embryonic stem cells
in an undifferentiated state, the method comprising culturing the human embryonic
stem cells in a culture medium which comprises an IL6RIL6 chimera, said culture
medium is capable of maintaining the human embryonic stem cells in an
undifferentiated state, thereby expanding and maintaining the embryonic stem cells in

the undifferentiated state.

18. A method of deriving a human embryonic stem cell line, the method
comprising:

(@) obtaining a human embryonic stem cell from a pre-implantation stage
blastocyst, post-implantation stage blastocyst and/or a genital tissue of a fetus; and

(b) culturing said human embryonic stem cell in a culture medium which
comprises an IL6RIL6 chimera, said culture medium is capable of maintaining the
human embryonic stem cells in an undifferentiated state, thereby deriving the

embryonic stem cell line.

19. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(a) culturing the embryonic stem cells in a culture medium which
comprises an IL6RIL6 chimera, said culture medium is capable of maintaining the
embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells; and

(b) subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating and/or expanding lineage specific
cells;

thereby generating the lineage-specific cells from the embryonic stem cells.

20. A method of generating embryoid bodies from embryonic stem cells,

the method comprising:
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(b)  subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said embryonic stem cells to embryoid
bodies;

thereby generating the embryoid bodies from the embryonic stem cells.

21. A method of generating lineage-specific cells from embryonic stem
cells, the method comprising:

(@ culturing the embryonic stem cells in a culture medium which
comprises an IL6RIL6 chimera, said culture medium is capable of maintaining the
embryonic stem cells in an undifferentiated state, to thereby obtain expanded,
undifferentiated embryonic stem cells;

b subjecting said expanded, undifferentiated embryonic stem cells to
culturing conditions suitable for differentiating said expanded, undifferentiated
embryonic stem cells to embryoid bodies; and

(©) subjecting cells of said embryoid bodies to culturing conditions
suitable for differentiating and/or expanding lineage specific cells;

thereby generating the lineage-specific cells from the embryonic stem cells.

22.  The method of claims 19 and/or 20, wherein said embryonic stem cells

are human embryonic stem cells.

23. The culture medium, the cell culture and/or the method of claims 1, 2,

3,4, 5, 6 and/or 7, wherein said culture medium comprising a TGFp isoform.

24, The culture medium, the cell culture and/or the method of claim 23,

wherein said culture medium being serum replacement-free.
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28. The culture medium, the cell culture or the method of claims 1, 2, 3, 8,

9 and/or 10, wherein said stem cells are embryonic stem cells.

29. The culture medium, the cell culture or the method of claims 1-21,
wherein said culture medium is capable of expanding said stem cells in an

undifferentiated state.

30. The culture medium, the cell culture or the method of claims 1-14,

wherein said protein carrier is albumin.

31.  The method of claims 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 19, 20

and/or 21, wherein said culturing is effected in suspension.

32.  The method of claim 27, wherein said suspension is devoid of substrate

adherence.

33. The method of claims 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 19, 20

and/or 21, wherein said culturing is effected on a feeder-layer free matrix.

34.  The method of claims 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 17, 18, 19, 20

and/or 21, wherein said feeder-layer free matrix is a fibronectin matrix.
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39, The culture medium, the cell culture or the method of claims 8, 9, 10,

11,12, 13, 14 and/or 23, wherein said TGFp isoform is a TGFf isoform 3 (TGFj;).

40. The culture medium, the cell culture or the method of claim 38,

wherein said TGFf; is provided at a concentration of at least 0.06 ng/ml.

41, The culture medium, the cell culture or the method of claim 38,

wherein said TGFf, is provided at a concentration of 0.12 ng/ml.

42, The culture medium, the cell culture or the method of claim 39,

wherein said TGFf; is provided at a concentration of at least 0.5 ng/ml.

43, The culture medium, the cell culture or the method of claim 39,

wherein said TGFf; is provided at a concentration of 2 ng/mi.

44.  The culture medium, the cell culture or the method of claims 1-21, 23

and/or 25, wherein said culture medium comprises basic fibroblast growth factor
(bFGF).
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45. The culture medium, the cell culture or the method of claim 44,

wherein said bFGF is provided at a concentration of at least 2 ng/ml.

46.  The culture medium, the cell culture or the method of claim 44,

wherein said bFGF is provided at a concentration of at least 4 ng/ml.

47. The culture medium, the cell culture or the method of claims 15, 16,
17, 18, 19, 20, 21 and/or 25, wherein said IL6RIL6 chimera is provided at a

concentration of at least 25 ng/ml.

48. The culture medium, the cell culture or the method of claims 15, 16,
17, 18, 19, 20 and/or 21, wherein said culture medium comprises serum or serum

replacement.

49, The culture medium, the cell culture or the method of claims 15, 16,
17, 18, 19, 20 and/or 21, wherein said culture medium is devoid of serum or serum

replacement.

50.  The culture medium, the cell culture or the method of claim 48,

wherein said serum or serum replacement is provided at a concentration of at least 10
%.

51. The method of claims 7, 14 and/or 21, further comprising isolating

lineage specific cells following step (b).

52.  The method of claim 51, wherein said isolating lineage specific cells is
effected by a mechanical separation of cells, tissues and/or tissue-like structures

contained within said embryoid bodies.

53.  The method of claim 51, wherein said isolating lineage specific cells is
effected by subjecting said embryoid bodies to differentiation factors to thereby
induce differentiation of said embryoid bodies into lineage specific differentiated

cells.
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54.  The culture medium, the cell culture or the method of claims 4, 5, 6, 7,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21 and/or 28, wherein the embryonic stem cell is

a human embryonic stem cell.

55.  The culture medium, the cell culture or the method of claims 4, 5, 6, 7,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21 and/or 28, wherein the embryonic stem cell is

a primate embryonic stem cell.



