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nmet hods of culttuing stemcells such as under defined and xeno-free

culturing conditions. Human Enbryonic stemcells (hESCs) were
traditionally cultured and derived using the conventional nethods
enpl oyed for nouse ESCs, i.e., in the presence of a nedium
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consisting of 10 inactivated nouse enbryonic fibroblasts (MEFs)
(Thonmson et al, 1998). However, for use in cell-based therapy, hESC
cul tures should be well-defned and xeno-free (L e., devoid of any
animal contamnant) in terns of culture conponents. In recent years,
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185-190) . wever , se systens rély on trige
a require the snnultaneous growth of both feeder cell layers and hESCs, which limits

the potential of large-scale culturing of hESCs. Moreover, culture systems based on
25  feeder cells or conditioned medium are not well-defined and thus cannot be accurately
repeated due to differences between the various lines of feeder-cells.

To overcome such limitations, attempts have been made to culiure hESCs in
feeder-layer-free culture systems devoid of conditioned medium. Xu C,, et al. (Stem
Cells, 2005, 23:315-23) developed a culture system based on a Matrigel™ matrix and

30 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



5 culturing matrix, their use for cell-based therapy is limted. To
avoid ani mal contam nants, the present inventors have previously

devel oped a culture system based on a fibronectin matrix and a nedi um
suppl emented with 20 % SR, transform ng growth factor 131 (TG 31)
and bFGF (Amt et al, 2004). Under these conditions, the cells
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Recent studies discussed the possible involvement of several intracellular
transduction pathways in hESC renewal and maintenance of "stemness" identity, but
the mechanism underlining hESC self-maintenance is still unrevealed. Sato and
colleagues (Sato et al, 2004) suggested that the Wt pathway is involved in hESC

25 | self-renewal. A later publication by the same group indicates that the TGFp pathway
plays a crucizl role in celi-fate determination and holds interconnections with the Wnt
signaling pathway in maintaining hESC features (James, D., et al., 2005). These
results are consistent with the feeder layer-free culture method suggested by the
present inventors (Amit et al, 2004), which is based on the addition of TGFp4, bFGF

30 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



Mouse ESCs can be continuously cultured wi thout feeder |ayers
provided that 5 | eukem a inhibitory factor (LIF) is added to the
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According to an additional aspect of the present invention there is
provi ded a nmethod of generating |ineage-specific cells fromenbryonic
stemcells, the nmethod conprising: (a) culturing the enbryonic stem
cells in a culture nedium being serum free, xeno-free, feeder-free
and protein carrier-free and capable a@f nmaintaining the 30 enbryonic
stemcells in an undifferentiated state, to thereby obtain expanded,
undi f f er ent i at Beprenisr jhomi ¢ widshy cetdgmizeflbhessiulfpm candndt edudd dep dighdyl,
undi fferentiated enbryonic.stemcells to culturi onditions
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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
25  undifferentiated state; thereby deriving the embryonic stem cell line,

According to an additional aspect of the present invention there is provided 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

30 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



stemcells in an undifferentiated state. According to yet a
further aspect of the present invention there is provided a cel
culture conprising a stemcell and a culture nedium said culture
medi um conprising a TOFf 3 i sof orm and bei ng devoid of serum serum
repl acenent and 30 protein carrier, wherein said culture mediumis
capabl e of maintaining said sten1ce|| in an undifferentiated state.
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10 conditions suitable for differentiating and/ or expandi ng |ineage
specific cells; thereby generating the |ineage-specific cells from
the enbryonic stemcells. According to still a further aspect of
the present invention there is provided a culture nedi um conprising
an | L6RIL6 chinera, wherein the culture mediumis capabl e of

mai nt ai ni ng human enbryonic stemcells in an undifferentiated state.
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enbr yoni cthsiebfegpdrlding andamsiutsiningtheattinucellstin die wailierestisedstatt] 6RI L6
chinmera, said cultyre nedjumis capabl e of nmmintaini.ng .the. hung
enbryoni c st enfERATAHE;tH sl a%&ﬁ%@g%qw? éliegereg%na%‘{enﬁwgfl@b@lse%a‘éﬂe@ fig
and ni ntﬁbﬂfﬁ%ﬂ%ﬁ%ﬁ%ﬁ%@ﬁé aBmGeli el ﬂaeh%@hmnigrgﬁfgaw%@ﬂmg

2bst ate. Accor di to still a further aspect of ‘the present
i nvent i onad kmbeyonge gemveadkefon aprdiuplaftaiier stagn §lastoapsta postitaplaotition

t Il t h d . Si g, bt ai,ni h .
oo B ot Bt ROBE SO b B o BAF A ol S rmbryonic
post -i npl @BLatl(qR aShARe PbaRhPRYR BRMINs ATGER EAbih a8 %ieingfdeaoid of

fetus; and (b) culturing 30 said human enbryonic stemcell I'n a
cul ture nestimmmseihc kepdaepment esd prothin6RAtier, chidrewltire seddium Uik taapable of

medi um i s_capabl e of i ntainin he hu enmbr yqgni emcells ip an
ind 11 er oPTARBtreLEe BIYBHE T} Yl F R M e e . Gt e the
line. 8 embryon®GEadélddnd.0 still a further aspect of the present
invention there is provided a nethod of ﬁgner ating |lineage-specjfic

cel | si¥rom enbAgepimede stlaciurier aspectpdithpBreseipevesting therajs ravidgd ang

t he enbrygniiC 35S 4.5 i _ r | I, Ch 118e

| LoRt Lo, SRt PrBRling itefe-Eiitt LTS Bl i SR LIRS T hofhod
enbr yoni ccahpiiBing! (a8 d¢ultuaing uthdi érhleyenti sitradcedlsainep tudtutrd enatiymotyhahn
expanded, undifferentiated embryonic stemcells; and (b) subjecting
sai d expaffeRuses adiFRersatnrmand bemgsleyoidiod sepamsarEm BrlagepentEns Prrjen

condi t1 Ongeil S48l 1 mllilirGE Al b ARARE (RAANIHRN Sldn? €8N on
specific cells$; thereby generating the ?lneag specific cells trom

t he ebryomdiffeshiaed etdis . to ibdebp pbiang etmnded, | Undddrentidiet eabpeanic sém
the present_ inventjion there i. rovj ded t hod .of generating

enbr ot o BOF GErPbRERBIE AFE SOMeer I aA: HOREB RS S fPa)
cul turi ngchiRBi@NEINRNE SHRBleCfr! SfftRnfattil bhd/6r BRAMMMMbE e ?peciﬂc
conprises an I L6RIL6 chinmera, said culture nediumis capable o

mai nt ai ni egllst tierabyigepeaniing thedinesgs-dpscifie calls frowhi the embryonmtstemselit e, to

t her eby obt ai ded, .15 i ff tiated i c st |ls:;

bnd (b ouby ecArher ol sl AR GRS Et Birsr N alas AR R SR o

cel I s25 0 gidtHodr b Ges&aths 1PRFySid batde tbat eﬁib}%cﬁﬁ@%idn@tdeﬂg, g thethod
eby

enbryonic stemcells to enbryoid bodies; ther generating the
enbryoi d poEPESng: (hh ewariagbibgosinbrysniensiens| tdls Aceotwiviy medivm; which

further aspect. of resent J.nvention there is provided 2Q et hod
of " goner abTHEIS Resgic? BRERRrad BAEevPR N yorPL Rl oD 8 Pk
met hod copRfies ishi: cultile @bl isREpdIS o CNRIYAMNE (1R &AbSBhicStdr célls in an
cul ture nmedi um which conprises an IL6RIL6 chinera, said culture

ms(cjii ]thm i susdiffasndaied Sﬁﬁd%nipaﬁhaliehg l;)tbtaén enbanylohi Imdéﬁfﬁfnntéﬁé? ?IbefVO@iﬁ_ stemd
onbr yoh ¢ TS Rl SBiepite spifStndrs Srie B Rt et SPEN R, &S

culturing conditions suitable for differentiating said embryonic stem cells to embryoid

bodies; thereby generating the embryoid bodies from the embryonic stem cefls.



descri bed bel ow, the enbryonic stemcells are human enbryonic stem
cells. 9 According to still further features in the described
preferred enbodi nents the culture nmedi um conprising a TOF i sof orm
According to still further features in the described preferred
enbodi ments the cul ture medi um being gerum repl acenment -free.
S5According to still further features in the described preferred
enbodi ment s t hAceuflipg e stilbdifuriheraspedt of tp presmf catpmiicse is provided a

di d
Ao rasb Bl p b el SRR ol 13 LRI oL L I e
sai d st emagpiindr @) ultaning s Yitirgorié &mrﬁedelﬂs in1QAatinrd inhgliin which!

further features in the described preferred enbodi ments the culture
medi um cofgmprisen g TAPRsefom Bndbeing davoidiof seram sene replsesibent end peaisin

cells are e urther
f eat ursgs ?Eﬁ%ﬁsalgggié%l be%h pre&&% a“d‘a‘&né Sén érg?n%%:e %es%fsare
enbr yoni cusdiffieffaibd stalb Ac mrebngbfhm Sipahlied, umtifésredtaaidug@Brybiict fiem
descri bed preferred enbodj ments the_culture mediumis capabl e of

expandi ngtdki ) suligsting seist sxpandedy Hadiffereninied sROT WiGstam %Bétﬂ eHlgingo
still furééh%ﬁncfné%ﬁé F%folr ralﬁfé}éntﬂa‘%&%rsh*a%%g&ﬁcf‘egeﬁﬁcﬁﬁm%ﬁ@%%l ﬁié‘&em

protein carrier cor to sti
f eat ures callstth enﬂtegmd bdakiek; pne { @ rsnbidctbrpbads o Baud eRtbeydit tbodng to enlturmg

effected in su Accor di to still. .further,

The  dfber DGR Sh et difarmeciis SoSinaiites S RITfoeby
subst r at eg4@hamaNEElineage- e%i?ﬁcoéefﬂl's@ﬂnﬂ &e%&ﬂﬂdrorﬁé‘&t’eﬁféelﬁeat ures in the
descrlbed preferred e dprrents culturing is effected on a

feeder-1 ayer fAeeordingito gtill 258ntheraspeny of hesprickent ﬁmnemhem tlteeemmesldaqh a

t he descri erred enhodi e, feeder e mat r a
b orect Pitife 2 SRR b TR St B he B el £ Bl B
descr i bedcqpablearthedhtgibpdiviemt snirhenic weilddRan bs uadiffefhdake0Brafeceder

cells,
15 According to still a further aspect of the present invention there is provided a

cell culture comprising a human embryonic stem cell and a culture medium, said
culture medium comprising an IL6RIL6 chimera, wherein said culture medium is

capable of maintaining said human embryonic stem cell in an undifferentiated state.
According to still a further aspect of the present invention there is provided a
- 20 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 eapable of maintaining the human embryonic stem cells in an undifferentiated state,
thereby expanding and maintaining the embryonic stem cells in the undifferentiated

25  state.

According to still a further aspect of the present invention there is provided a
method of deriving a human embryonic stem cell line, the method comprising: (a)
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
30 said human embryonic stem cell in a culture medium which comprises an IL6RIL6
chimera, said culture medivum is capable of maintaining the human embryonic stem

cells in an undifferentiated state, thereby deriving the embryonic stem cell line.
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g to still further features in the described preferred

nts the 30 culture nmediumis xeno-free. According to

rther features in the described preferred enbodi nents

g is effected in xeno-free culturing conditions. 10

g to still further features i the described preferred

nts the TGP isoformis a TGp isoform1 (TG-P1). According
f ur t hdecordiag de sl arfurther asped of Hedpissant énveatior tHsolismeovided he

f IS TGFR i sof orm 3. 5According to i L1 fugrther
LR r el itnl HRE e Prid Sl ST PO BE Sptlestly e ipdes
Ceumiprfingd N(aPfoufthrih@ahé ehtPori@/sidm M6 Ofmdh Nahlful: Stddidm fwhicher
in the described preferred enbodi ments the TGFP1 is provided
cemnries on IbPRE.0O ohimgray saidagBire mprglivme is cppably of peéntaining: thees
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cofibBEE e SISt PR Rl Tl 15k PlaK! Ofthna
wmlifférentitgst r ednbryopicef gemecelnb oadjdrre(rmd' ) S sﬁlbjecrtff@f Pé&ithe)maﬂ&édjed
ti f 2, ng/ M cording to still, further
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specificcohie Bonrthe emhryohicaterheeldt 2 ng/nl . According to
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method of generating embryoid bodies 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 efnbryonic stem cells to cululriﬂg conditions suitable for
differentiating said embryonic stem cells to embryoid bodies; thereby generating the
embryoid bodies from the embryonic stem cells.

According to still a further aspect of the present invention there is provided 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; (b) subjecting said expanded, undifferentiated
embryonic stem cells to cultwring 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.



According to still further features in the described preferred
enbodi ments the 20 IL6RIL6 chinera is provided at a concentration of

at least 25 ng/m. According to still further features in the
descri bed preferred enbodi ments the culture medi um conpri ses serum or
serum repl acenent . According to 8till further features in the
descri bed pre rre enbo the cul tur diyu rum
or serum repI tcégﬂlcg%ﬁﬁ npgs gﬁhpcf%?ﬁeﬁggefpéaéj gggnﬁm{st ©
descri bed,, pi.&f Sk hesfs@rum or serumrepl acenment is
provi ded at a concent on of a | east 10 % According to still
further feat urfscording h@stdéﬁmhebécaumeimﬂwei&sgmgédrﬁnﬁg ewhedimsntsolie

further co DI’ISI |solat| Ilnea ecific cells follow ng step
(b). Acc %@t ﬁ‘?lgﬁ B%‘PB?‘@% in the described preferred
embodisment s 30Aé&4r&ihg B9 sdim AR fSRees i heGRbirbeliprefeirag bBollinaits the

mechani cal separation of cells, tissues and/or tissue-like structures
cont ai nemmmndmwwﬂwmphmﬂa 11 According to still

furth f eat th f i i |
| hence snact i RgeardipkdS oGP B SR W oG HURALE kB BldIhe
to differgiutine@ind eshidng I GRIES b dud evlﬂlefaﬁ emdmtanabelisrmehuﬁmnd

enbryoi d bodies into |lineage specific differentiated cells.
5Accor di rﬂj’l‘?ré)’oélﬁsf?qfn?fﬁ]ﬁt her features in the described preferred

enmbodijments th 'I}ég@l{b

ACCOﬁé)I ng to s |<%F&§%?€hﬁu eat S?Aedslrelb%lﬁ? escr :Iﬁg%ﬂg!ri%n%%?{éﬂ&g tho
enbodi mentdtutdimedier yomprisisg HORIEH| chirsera apd iwhetes emidrepdnienis sietmeells
cell. The p esent |nvent| on syccessfully addresses the shortcom ngs
of the pr%%é‘ e‘@d‘ﬁﬁ?‘ ‘gurations by providing a well-defined,
xeno-free cul tHE&)rEEQ't@ sm'f&ﬂﬂléiqeaweﬁ & %eT@:éﬁodd%ﬁE&%H%[nHoﬂﬁnéﬂtsﬁﬁbLﬁ
chinmera, which are capable of mainataining stemcells in an

undi fferestemmﬁﬂalsteatwyomc stemgellass ot herwi se defined, all technical

and entlflcter r

underst ood by %or lflgo?ﬁfj]r]igﬁnheg %}Pyegﬁﬁp%e&ggﬁb%g %ﬁ\%ﬁ%ﬁ}?%a I'S the

inventio nolﬂﬁilr@ﬂﬁ&mnﬁstchﬁalgélofmi}hﬂdiﬁg aaid stemi eslisah an shdiiffesantiated state.

equi val ent to those descrijbed herein can bg used in th pr. ﬁtl ce ﬁ}%
e

testing of thelppadi@gito sl dpihesfeaturss dn e SRR PRORECEHE L ARSI Es

descri bed LR CRREni f conflict, the patent specification,
i ncl udi ngplggfl?}r%’lﬁ 1[(;1%2‘l ' control. In addition, the materials,

met hods, and eiacmtlieg @r mll \Rmtistrr fztiuvees jonthe dasdribest piefitresdd enbedinisets
i tidq 9: culturing is effected in suspension.

According to still further features in the described preferred embodiments the
suspension is devoid of substrate adherence.
According to still further features in the described preferred embodiments
culturing is effected on a feeder-layer free matrix.
25 According to still further features in the described preferred embodiments the
feeder-layer free matrix is a fibronectin matrix.
According to still further features in the described preferred embodiments the
culturing is effected on feeder celis.
According fo still further features in the described preferred embodiments the
30  culture medium is xeno-free.
According to still further features in the described preferred embodiments

culturing is effected in xeno-free culturing conditions.



20 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is herein
described, by way of exanple only, with reference to the acconpanyi ng
drawi ngs. Wth specific reference nowto the drawngs in detail, it
is stressed that the particulars shown are by way of exanple and for
purposes of 25 illustrative discussi ol of the preferred embodi ments

of the present invention.onl nd are presen i h

provi di ng what et Bit%%fg %ﬁ%ﬂeﬁgeagﬁgs f'ﬁ)@f3 %gcg#b%ﬁ pé%%}rgfggxgxﬁﬁ;&e%{s the
understo Lot | P s and conceptual aspects of
t he inveﬁ?ﬁ}gﬁi&%ﬁ%ﬁ%gr%%gérag?ﬁ{l{)@g?%zpt I's made to show structural
details of theAtcordingitostill funther deateesin thetteacrikedefensd epbpdimegts the

f undanent al_under st andi_.ng_of .t he Lhyention, the description taken
with the E@Eﬁﬁlmﬁﬁ'ﬁgg%b%g?@ﬁ ?]?%#é]’\fi'ose skilled in the art how the

several forms Fg%;itgiéﬁﬁtﬂ.ﬂ%br TR irE R &hedhrBfefel lefodindehtd the

t he driaw ngs: are phot om crographs depicting exanpl es of
t he nor phoGBpRYis@kowideti dtfacsoncdntatiedoE8Gasbd Obinggnland ESC single cells

grown in various feeder-free culture systens. .Figures la-b -.

Undi f f er ent i at &gcordingde shHyfugthgrdeatags &%a? @f};@ﬁ@%ﬂ%ﬁ?dﬁﬁ’%gﬁe@%@&er
| ayer fre lture . em | . LN the presence of a
culture nﬁ‘cﬁgFés§ﬁ§%?é%tnﬁo3géalt€aﬁogggéﬁgﬁ%{ﬂméf the IL6RI L6 chinera.
Not e the "aut oAct@atherts stiflutist fadtutehén ther dgshidbbed mbferted codlodiments the

(Figure l.a, arrow). Figure Ic - Undifferentiated 1-3 colony cul tured
on a HbusEGF8mismrevidedelc qomperdratipn pbat lepst 8- 518/ Mlr e system for 7

passages in theg pr of H%g‘l Hm}, ARRH bRk {:E00
ng/ M of the 1?‘5%?@%%?&%&&%&11%0%%&{8&1 a s%gr%lz of ]§aut ofé?needers".

Fi gures i gafFps ispndiidbe penédmbmthiibn4falganl.es cultured on a
fibronectin-based feeder free culture systemfor 28 pa sa%es I n ggl%

presence of a égrerding teedilfirberfsrtermsin dee dFscrbedhpreferred entbodiment
culture medium comprises basic fibroblast growth factor (bFGF).

15 According to stil] further features in the described preferred embodiments the
bFGF is provided at a concentration of at least 2 ng/ml.
According to still further features in the described preferred embodiments the
bEGF is provided at a concentration of at least 4 ng/ml.
According to still further features in the described preferred embodiments the
20  IL6RIL6 chimera is provided at a concentration of at least 25 ng/ml.
According to still further features in the described preferred embodiments the
culture medium comprises serum or serum replacement.
According to still further features in the described preferred embodiments the
culture medium is devoid of serum or serum replacement.
25 According to still further features in the described preferred embodiments the
serum or serum replacement is provided at a concentration of at least 10 %.
According to still further features in the described preferred embodiments the
method further comprising isolating lineage specific cells following step (b).
According to still further features in the described preferred embodiments
30 isolating lineage specific cells is effected by a mechanical separation of cells, tissues

and/or tissue-like structures contained within said embryoid bodies.



rig/nil of the IL6RIL6 chinmera. Size bar for Figures la, c, d, e, f-
20 p,M Size bar for Figure Ib - 50 p,M 15FIG 2 depicts a nornal
karyotype of an exenplary hESC The karyotype was exam ned after 7
passages of culturing in the presence of a culture nedi um containing
300 ng/ml of the IL6RIL6 chinera on altibronectin feeder-free culture

t Note th L of | 46, t \ )
Karyot ype. vas. AreBine, Bordf fufheh TeRBseacke, ERbtE BoRalrd) GRbodiments
passages {shlatile 1L IFRIMS callCH bHEQedBH sibjet8ng alBeRibighid Hddnra/ @

of the IL6RIL6 chinera on a fibronectin ?ee,der-free_ cul ture system
(not showsifferqaeiption &gtarede therehyaindueredifferantistion gharid snheyeid bagies (rfot

shown) . 4@ erret%g)hatsce(%f@m‘aer% e%an Sned fromeach sanpl e. FI Gs.
3a-c are PHGED e(:C}bgra & %epi ¢t ng i munof | uorescence staining of

undi f fer ent i at adcs@ingnb el FhdhdreBatvtek in S\ dssctbdtipprisned 2paodfnditd the
the hESC 25 undjfferentiated stage. Undifferentiated 1-4 hESCs were
cul tured @RbeyopicHtchedll isp upembryaic stgm ¢alle system for 27 passages

in the presenc : . . A .
subj oct od o | eadbap Rl Tl Gk UL RERIFIAAN Pl e
3b) or SSkwhbdyofiiei st eelBi)a prinate ehbryoni2femn,cbll. FI Gs. 4a-1 are RT-PCR
Cindi 71 or ent | at S0° BIEUE HFRICOR SRS R HPCEERBrY BRSO G HPPLg GPe BFentsy
NESCs| @1 oy oBYFRRadr! BN BEIVilink G W deHSE] Ol U@ SURLETHENg Which
enbryoi d bodies (EBs) deri'ved therefrom Lane 1 - Cell line 1-3

cul tured &@mmpui® PEEER dedoinm oOMEQDERIchithBra; wipicH arotapdbée ¢ GEhEBIning
chimera). Lane 2 - Cel]_ line 1-3 cultured for 12 passages in 300
ng/ m of ftﬁ%‘_‘ﬁeﬂﬁsﬂ%‘l rentdpted sipts. 3 - 10-day-ol d EBs derived from
1-3 celI's whi cy,ygg 61':&%&@@%&9@111{@(:@&@& 268 ScieRtifMMDRs Usdd Berdin hdRS

derived from 1-3 ceI_ s which were cultured for 10 passages in 300
ng/ M of theesamecmietiBng las mermanomly gunderstwd.- bys o®e tof ;ordHingyr &kild bn -thesgrt2to

Figure. 4c_5. | ;. Fiaqur d - 3: Figure 4e.- FGE4: .Fi.gure 4f. -

A bunth: it heftnes. SHdplthiofs SRl s oF ediyatont
Cardi ac agt ilvse FdegetiteddhereinFodd beFa@Ur &1 Me praffda3dr thdtigr of 4de pskht
FI Gs. 5a-d are phaotom crographs depicting the norphol ogy of

undi f f er eFVPREQY SHiEblcBPERARandmaleREs as Arsrrbedkhaleve [t ¢a5e @§ cpnflict, the
various c r 1 e her TGrt.3- |0

cul ture mEdrty ShePEhENiE hiufiR RERRRACT AP bt “pp o Ak Anlbids
Mat r i gel Tidetimids,i andwikahplel erelillustedive onlyFingurog iikdnded telbd ES@mecul t ur ed
for 9 passages on MEFs with the HAL16 nedium Figure Sc - 14 |i FSCs
cultu%(gd for 20 passages on foreskins fibroblasts with the D2 nmedi um
Fi gure 5dprigd pHstGersubRwWR DRI I&§§ages on a hunman fibronectin
matrix with the DZ medium Note the I5 undifferentiated norphol ogy
af t er prol ongedhe inventiomis hereih deperihed; bpevay Of @xamplet cailni wigh redetience to

. Magni fi i X 151 Fi 5a-d. I ... 06a- o .
bhotom or SashrEb S Hiditesn dy i enceiy e Batounio BE dpiplet el i

is stressed that the particulars shown are by way of example and for purposes of
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25  illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of 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

30 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.



with surface markers specific to the |i FSC undifferenti ated stage. 14
hESCs cultured for 36 passages on a Matrigel TMmatrix with the medi um
D1 and stained with TRA-1- 20 60 (Figure 6a), SSEA4 (Figure 6b) and
TRA-1-81 (Figure 6¢); Magnifications are X 20 for Figures 6a-c. FlGs.
7a-b are photom crographs depicting tize derivation of a new |i ESC

| i ne under xeno-free conditions on foreskin fibroblasts using the HAI
6 nedi um Fi gunéhe7drawingie cul tured enbryo at first passage (p-1),

arrow points t he i.nner,cell. mas . - -
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culture. Figure - Histol ogy of a hESC cl _1i 14 h)ES%.I i ne?

cul tur ed feesders famed i sthe pegip ﬁ‘é’n%ﬁ'ag’ﬁ FHO®A B efrc &Yt HSBY *° -

medi um ar@nﬁf@#&ﬁﬁ&ew it cb‘ﬁ%xy Dakged Bata Wi BRGIHh BARI fel@NRFENERYS,
ng sra cell's wt

cont ai ni | arge nuclei typical for hESCs .
mor phol ogyiltufd gysteas f@ly- mssagtd 8 uesarrecofaitul e tetim snplesmeniedk with

suspensi on in the_pr f. the di,um and. wer € : i
re- c UiV ur K9 ngpmi ek .ee@ﬁﬁmﬁ PR %ﬁegﬁ%@&&‘f’%% \é\lﬁtgefg%)%g% gr“s}g%r{a Frad
re-cul turi REqieRrehMhiEl Si-4 olmhidNcilAve badh fHibedmesiopased Nebdert fiee tyjhireal
undi fferentiated norphol ogy of the hESCs Figures 9d-e - 14 1] ESﬁﬁQO

were cul taysteth far281gaspeess agdee pigsenge & aTudHs meding grplesratedopt

CMLOOF nedi,u d en re-culiur oW | ize bar fi
mor phol ogle’ @?@ﬁﬁpﬁg&éﬁng}e@ eﬁéﬁﬁ?uﬁgg%wgl i g\ﬁot%) ’{L & S%Zf? piaf: al
10 undiffﬁgﬁ t#'bajﬁﬂupprphol ogy of the hESCs. Figures 9f-g - 14 hESCs
were cul t'ufe or 7 passages in suspension in thebgresence of the

HA19 Tfedi um ( FFhreddgicton nbunaliarysarpsafes exemplaey Pedseribe kapotips was

CML0017 rnedi um ( Fi e 99); i ficatiaon ' +2dinagnd

X 15 for ﬁaﬁﬂp‘@ia’%%wg?asﬁ%%?y‘%gﬁlp&gé? %eheFPf%ggé?e%%% yglfégﬁlgg%ﬂgg%‘lﬁqng t e

expr essi ofyPhig/hRRFREITIERILEhimera on a fibronectin feeder-free culture system. Note
the presence of a normal 46,XX karyotype. Normal karyotype was also detected

when the hESCs were cultured for 7 passages in the presence of a culture medium
20  containing 100 ng/ml of the IL6RILG chimera on a fibronectin feeder-free culture
system (not shown). Repeated test at passage 23 was found to be normal (not shown).
40 metaphases were examined from each sample.
FIGs. 3a-c are photomicrographs depicting immunofluorescence staining of
undifferentiated colonies stained with surface martkers specific to the hESC
25  undifferentiated stage. Undifferentiated I-4 hESCs were cultured on a fibronectin
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
30 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



15 genes of the undifferentiated state of hESCs cultured in
suspension in the presence of the HACMLOO, CMLOOF or the HA19 medi um
Lane 1 - 1-4 hESCs cultured for 1 passage in suspension in the
presence of the HACMLOO medi um (serum or serum repl acenent-free,

| L6RI L6- contai ni ng nediun). Lane 2 - 13-4 hESCs cultured for 1 passage
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i nverts onumdiffeleatidied tmprphntieys ebierd piplepeade cRIEHE W (the WBIH aw ngs

and acconpanyi ng descriptions.. .. f LQkNg at | east one
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the invention psgNWa-d b pieforhrodiaptapddpicingi anlifferentiptedi colanics stasped
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The i nvenwithrsufce apdistesiscifin wathe dS6y ?’3511{5%8% F%E%iqﬁg}%gfg%ﬁ%%%[
or carrie i ovari M AL80 wifhthd theditnt D1RQdUBGRIISYGOTRIAN B
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descrpt i gn (RIprSHOUBSEAQFivere SgeardsTR Asl-B1 fFighregtc); Magnifigreens are
enbryonic stemcells (hESCs) are proliferative, undifferentiated,

st em cel | @0depkiBres 8-Cdi fferentiating into cells of all three

enbryoni ¢ germ S HicrdEREE RpRIE ey tvation af paswdi3C line
nodel for earl;?Iﬁ%'err@nb 8‘33%1%’0;)%& and hfc))I d %g{pr om

r various
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require al’dosteei W&B?eﬁﬁmwgr?éfm?tsp%?aggr@%f g&% i g%;;agttg%lhdt?%?g%[ti ant
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anount's of ESCs need to be cultured in conplete animal-free
(xeno- f r edjigueelé-bdef i ned cul ture systens, where 25 exposure to

animal (e.g., r oyi ruse [ EEEE,? Qﬁ)%e R deren @entired
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which is based on a fibronectin matri X d ;
immunostaining analyses of Oct4 (Flrgure gaB, TRA-1-60 (Figure 8b) and TRA-1-81

30  (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 (i4



medi um suppl emrented with 20 % SR, transform ng growh factor Pi

(TGF/ 31) and 30 bFG-F [Amt et al, 20041 or the culture system based
on a matri x consisted of the conbination of human coll agen IV,
fibronectin, lamnin and vitronectin and a nedi um suppl enented with
human serum al bum n, bFGF and TGF131 1¢Ludwi g et al, 16 2006).
However, a nmjor drav\,back of the latter culture syste tﬁ EPB
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t 1998; R A
i ncl udes thmbESEgalFan@eﬁfbgséﬂi’%i%gs|"£e”%r°P%'éfn§r#§aP§ pﬁs%%/ﬁ‘%éﬁtsk%%nﬁ. S

Chebat h J RO e IR fe-diiued doSIBTal tShoimgs
and deri \;H?%eﬁglt%og#%? mSm&ﬁlQ%) However, a conplex of the

sol ubl e R - §Brsoibdy lof” b(ylpenes | afeer) ré-avlbwing ennAYBFai n Higaive 8B n

the undi fferenti ate

repl alé)enemd @gﬁé}ﬂt?fgﬁ?fﬁ%pg? %Weg’]?g(% %grr?gltgﬁfk 3 urrp%}r§ ggéﬂ!éentcu:glllr o
2004) . 7 Jd3GacEO HRRp&RM RaEE késeﬁdbaéf the ol madiunt Figwe 56 BSOS
whi ch ca e mal |§tal ned in the ung

ifferentjated. sta resence

of acti valmp&s@es ti ¢hegpresmce of dpst ©M108H I@‘“tﬁ“l“ﬁdg %éahf%gcafﬁns[ %3
presence JL6 or t | esults in differentiation of
t he bESCs I(_f%ﬁgéuer%ﬁfgh‘ﬁésl}%pﬁ gggntgl nvention to practice, the
present inventprss. Nayel ueqvpeowaﬁaﬂ]ym@hpmmtheowr@w@rqfrfémemtwe
a wel |l -defined, xeno-free, serum acenen f
protelf cgener of therundifferprtipted ﬁ%tﬁlog ms ﬁﬂ? PEESt IOIIF ?’g%? orm
and whi ch ‘&EM!@%&E@%&B 1a- phuﬁ&ﬂstc&ﬁluedlﬁr 1
undi ffereﬂ%%@@gﬁe\ﬁmoﬁs shown in Figures 5a-d nd 6a-c and i s
descri bedpigage in suspension in the presence of the ACM100 me um {serum or serum

replacement-free, IL6RIL6-containing medium). Lane 2 - I-4 hESCs cultured for 1

passage in suspension in the presence of the CM100F medium (IL6RIL6 and serum

20 replacement-containing medium). Lane 3 - 1-4 hESCs cultured for 7 passages in
suspension in the presence of the HA19 medium (serum or serum replacement-iree,
protein carrier-free, TGF Bs-containing medium). Lane 4 - I-4 hESCs cultured for 2
passages in suspension in the presence of the HA19 medium and then re-cultured on
MEFs for additional 6 passages. Figure 10a— Oct4; Figure 10b — Rex1; Figure 10c —

25  Sox?2; Figure 10d — Nanog; RT mix were tested and found negative for all tested

genes. All samples were tested for —actin and were found evenly positive.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 The present invention is of well-defined, xeno-free culture media which
comprise a TGFP isoform or the IL6RIL6 chimera, which are capable of majnataining

stem cells in an undifferentiated state. In addition, the present invention is of cell




25 Exanple 2 of the Exanples section which follows, hESCs cultured on
a human fibronectin matrix in the presence of a well-defined
TGFP-contai ning cul ture nediumwhich is devoid of serum serum

repl acenent and a protein carrier (e.g., albumn) exhibited the

nor phol ogy of undifferentiated ESC colipni es and ESC single cells

(Fi gures 5a-d) and expressed typi cal h _ESC surface narkers specific
to the 30culimdstdommsisingdbe aulsiramedigang e stegrcedly and Af mghiods shexpepding
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l'i nes (Fi gok&ser dhdprefond ipleticn of oﬂrh&h&Xsﬂ@lﬁﬂlﬁ“SreﬁﬁmﬂmwmcﬁBi Girheds)
on a conplete xeno-free culture system
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serum” serum repl acenent a ot elon “carrier, Wwherein the culture
medi um i swhithakke bé nmadntfar nbamg sthvassl | thetapy.aphandddehiead nsératreog,

st at e. ) used_herein the phras cul tur dium' refers to a
solid or ep t@ngﬁg‘gﬁg&?ﬂ@@ S&&é&eﬁgas‘?j’pcﬁmmuﬁﬁié%‘% h of stemcells
and maintain t@ﬁﬂ]éhﬂ(:lﬁ{@s 4 'o{)&%fz@ﬁ‘bf ﬁ{ee&llt%}@h@dn.lﬁ’f %E]?Eﬁ#?&r}é an& Rgethods

phrase "cul ture di um” as used herein refers 10 to a liquid

subst anceacwaﬁhm o dfe pmsmtammm@nt hay dedrttee uhderptaodwith reference to the
undlf{ &@I ated state. The Cd;e t ure nmedi um used by the present

i nven RingsEng Aty e G SHRIIC®M whi ch i ncl udes a combi nation of

substances sucBefge 8)l4ifing ldabeiieSemBBdNaER| oF thevinkaitlonsn damm@ istoibas,
nucl ei ¢ acids, proteins such as cytoldnes, growth factors and

hor mones, uidarstoodthatiihie dnventien hereidimitest indés appHeasionste iby desn sxeh forthein
capabl e OIhle%usf&} gt@sssﬁﬁg) t&eex%hl A8 lbévsché gx%pfégd'fhfeQﬁ%hbﬁ‘tlsegafpablﬁ
i cordl ng (0] t he

state. Fof exa ure ne |uma to this aspect
present i af/ehts @ﬁb(ﬁﬁ:ﬂexh)te oaoftihP etdcticdd ersaneriaiudutt i ea:mcmélwayss uklso.asis

Ko- | tr ducts, Gr d,
o B g g L By SR e
medi um (Hy QE@@fdéEéHbtloH%H sHéul@Mg%zﬁe%aﬁ@ﬂ@é Eﬁl&tﬁﬁé | ndustries, Biet

20 Haemek, TI'srael) supplenmented with e necessary additives as is
further descri b@mah@lélrmmdetem eulisf(bESGE)are @rthenagvedxnéﬁfesenmt,eﬂu@tem

in the culture tion al

pur e, wi ¢ il @pRRtar Tieerviatal B8 Ee OER s SuRhuin dHph PRbE At
cel I s" rehBBEs tage eRlpldyediscd raveerch apadd efopleady fhfuﬁfaﬁrtldvalopﬂ]@n’d ﬁiﬁd) hold
other cell types or remaining i.n an undifferentiated state.

Pr ef ef@bl ronpise 9k By oUss pRPRCEEPDS "Inglyd g seldbascd syt cplaereﬁ@%wls
(ESCs), ag&lsémﬁé, ek dafioR NS &%ﬁntrafé%?é Ghd Geff tb%@clc%dlﬁomld delivery which

require almost indefinite amounts of proliferating, yet pluripotent hESCs. For use in

human therapy and for the production of large amounts of hESCs, hESCs need to be

cultured in complete animal-free (xeno-free), well-defined culture systems, where

25 exposure to animal (e.g., retroviruses) or human pathogens and batch-dependent
variations are avoided.

| Attempts to achieve defined and/or xeno-free hESCs culture systems include

the development of a culture system which is based on a fibronectin matrix and a

medium supplemented with 20 % SR, transforming growth factor B, (TGFB,) and

30 BFGYF [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 TGFR; (Ludwig et al,



The phrase "enbryonic stemcells"” refers to enbryonic cells which are
capable of differentiating into cells of all three enbryonic germ
| ayers (L a, endodenn, ectoderm and nesoderm, or remaining in an
undi fferentiated state. The phrase 30 "enbryonic stemcells" my
conprise cells which are obtained from the enbryonic tissue forned
after gestation (e.g., blastocyst) before i Iantatloné&_ ?][%re
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Non- | bRi t ifi@mple 2 of the Examples section which follows, hESCs cul’cured on a human

fibronectin matrix in the presence of a well-defined TGFB-containing culture medium
which is devoid of serum, serum replacement and a protein carrier (e.g., albumin)
exhibited the morphology of undifferentiated ESC colonies and ESC single cells
(Figuies 5a-d) and expressed typical hESC surface markers specific to the
30  undifferentiated state (Figures 6a-c). In addition, the present inventors have

uncovered that the new TGFp-containing culture medium s suitable for the



19 exanpl es of commercially avail able enbryonic stemcell lines are
B&01, BQ02, B@3, BG4, CYyl2, CY30, CY92, CY10, TEO3 and TE32.

Ext ended bl astocyst cells (EBCs) can be obtained froma bl astocyst of
at | east nine days post fertilization at a stage prior to
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2928-33; Dekel B, et al 2003, Nat Med., 9: 53 d [ékil 5? ngt 30

oD o, VY, G565, RAGRVTL2 Tolagioal Smushiena i dleek drerciieh s
b t -

can be '%@éﬁ%&@%@%&&%ﬁ% BOAS ok FAWRM/P13 1Bi A il IHERLAS, Bhase

di scl osed
20 Haemek, Israel) supplemented with the necessary additives as is further described

hereinunder. Preferably, all ingredients included in the culture medium of the present
invention are substantially pure, with a tissue culture grade.

As used herein the phrase “stem cells” refers to cells which are capable of
differentiating into other cell types or remaining in an undifferentiated state.

25  Preferably, the phrase “stem cells” encompasses embryonic stem cells (ESCs), adult
stem cells and hematopoietic stem cells.

The phrase “embryonic stem cells” refers to embryonic cells which are
capable of differentiating into cells of all three embryonic germ layers (i.e., endoderm,
ectoderm and mesoderm), or remaining in an undifferentiated state. The phrase

30 “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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30 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 fiom the

NIH human embryonic stem cells registry (hitp://escr.nih.gov). Non-limiting
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state. As used herein the term "expanding" refers to obtaining a
plurality of cells froma single or a population of stemcells.

Pref erably, expanding enbryonic stemcells refers also to increasing
t he nunber of enbryonic stemcells over the culturing 30 period. It
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As is shown in Example 2 of the Examples section which follows, the present

inventors have used various culture media which contain TGFp; (e.g., the D1 medium

25  which contains 0.12 ng/m! TGFB;) or TGFPs (e.g., the D2 medium, the HA16

medium or the HA19 medium which contain 2 ng/ml TGFp3) to successfully culture
hESCs and maintain them in the undifferentiated state.

Preferably, TGF, which is included in the culture medium of this aspect of

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

30 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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25 7 devoid of a protein carrier (i.e., protein carrier-free). A protein carrier refers to a

protein which acts in the transfer of proteins or nutrients (e.g., minerals such as zinc)
to the cells in the culture. Such protein carriers can be, for example, albumin (e.g.,
bovine serum albumin), Albumax (lipid enriched albumin) or plasmanate (human
plasma isolated proteins). Since these carriers are derived from either human or
30  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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vectors colslt aining regulatory elenents from eukaryotic viruses such
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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



Thus, pol ypeptides of the present invention can be purified using a
variety of 25 standard protein purification tecluiiques, such as,
but not limted to, affinity chromatography, ion exchange

chromat ography, filtration, el ectrophoresis, hydrophobic interaction
chr omat ogr aphy, gel filtration chromagpgraphy, reverse phase

chronat ography, concanavalin A chronatography, chronatof ocusi ng and
di f f er ent(ial, thotimbirebdak foora. ceﬂ()fﬁhmdprgquaamohdeh‘dslotlh@thﬂ edtng) and the

t t he | L6 ch
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enabl ed the prolonged culturing of hESCs in the undlfferentl at ed
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Wgﬂo n'ty

at a tbncent r aPreerably the steansellpwhichy ae majptamed andoyp
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ng/m. [t™s e concentration of the |IL6RI E
chi mera cahileanyculiapendionexampld)chRAGS tyltwéd ihdbe nvmemqecomn;lbéﬁﬂp@e

foll ow nggéltgg@ﬁynt hmsgé r&a%{cggqmgl nanhé}%gr@éﬁg nallfggwtgh(%gr ﬁ ﬁﬁl | 1s
in the ar aipa ‘a I eIt a
dependi ng ﬁpb{?ﬁ fé&l%ﬁgz lé%rtyolgﬁé?(ﬂe pr%X‘u 1e£§%©3lok@§<bhéagéan péwmag

culture ne u sent invention includes a
| east 12 ng/ m WGk fusthet &ded:mg thegpmebent atvehdersto @raetigenthe preschawentsrs

/m, | t | t..7 8
Ll S S RGBTl
t he Exa”plcEanb%ESf hﬁﬁltéﬁﬁ inghdRarf BECOUS thufdiffetthBate® diadn WhiscR in sharp

includes 4 ng/mM bFGF along with 100 ng/ml of the IL6RIL6 chi nera was
capabl e ofomtmdshtaithe frgchiEsTot |fﬁ11‘a]PbI@de tlerlon@0feyhichataged dp nagintain

| east 43 es a0 RL >

rod; um deSErCadn o TR P e Wing HR"HyRef BN Ul iy i
included sesdlidddephaeaiieiancd bf @hmgbcdeﬂng iAhumoneBSChat SEAThindepatientr
medi um can_al so i ncl ude serumé such as human ser.um instead of

ser um r epllasadirephing Ry et a2 ‘Qltﬁﬁqh@s@aﬁ eé’tﬂSF‘EFrIEV‘?r\tFOPhe

undi f ferenti at - SRR ivBksRpRI €of

i ncluded in hggsléég{k/ﬁ%égﬁéﬁ?i g}’u ’?leri%ﬁr?yeg%argnﬂ%? t&ﬁs éts ect of ?he
present i mlqeemmpleeaaecﬂnm pvbaeti dl'ewbvm, a anlitwe ssystonc baerd atri enSbrogewin as

a concentratj on _of st 10 .,..a 30.,conc tion of :

| east 15 JgmuHn if@égltafaﬁ e manirg gaf 2Jityftomed ity §ELh GHpds fe Ehris
Al terpati vglyeanthy §Iafcbﬁﬁeﬁ%€d BFGFe{véﬁ%pdbEb of definthidiRCAESTS iake
defined culture con ons of the t he MB6RI L6-cont al ni ng

cul ture rrmmdlffnrmtzatddl siaiasf@e(ﬁt lodst t4r3e(an e dibmeneciin amirish or & fﬂﬂeﬂl drgisiy

devoid of nslae{q% pa%gag%ggmgl]e prgservmé;mlrl thESCs characteristics and pluripotency. 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 uncomjugated chimera
30  components, i.e., IL-6 (GenBank Accession No. CAG29292) and soluble IL-6
receptor (GenBank Accession No. AAHS89410), failed to support hESC prolonged

culture and resulted in differentiation of hESCs within 3-5 passages. In addition,



28 A non-limting exanple of such a culture nedium can be the HACMLOO
cul ture nedium described in Exanples 2 and 4 of the Exanpl es section
whi ch foll ows. Thus, any of the culture nedia described

her ei nabove, which are based on the TGF13 isoformor the IL6RIL6
chinmera present, for the first tinme, g well-defined, xeno-free
culture nmediumwhich is highly suitable for culturing hESCs for

appl i cat i gERCSHEIralinGahédibasediaities apyILERILS cimeseardsetine replacement,

phar maceutical industry. Thus, . according to yet. anot her, as t
of the pristhe abssuenof GF G i edploy iPaRifeavien  sapahaes dbidhABh o

devoi d of gﬁ%aglggéié irn (ﬁﬂmgﬁg#gagr_f%gesgg%ﬂ OTHAN KL RARTs G&Bonstrate, for the

xeno- f reelfl, ayers | ayer-free) and protein
carrier Iffsttime, BOBESCs cavbe witufades)] maidtajred ic dpabidifeantinghstaiedn ag

stemcells in_an uyndifferentiated, state. nment.i on p

her ei Rabo'fedeiayddeses Tstem iRt BEsqiog,ph af“ﬁmtrﬁeé&l&avﬁ@f%go%gléﬁson
whi ch fol awBerimEcHangsent inventors have uncovered that stemcells
such as hunman erTIf)ryonl c stemcells can be expanded using any of the
cul turing 15 nEbig adesdingbiednithereaspetioidhantesens inentionitfae i provided a

undi fferentjated.state.while in cult . . I

addi t i onafUlERBESATEE Wﬁffghcﬁpé’é]é?ﬁ aﬁ%ﬁ? 8%11?%%}@%?%mgl%g§|ﬁ%éaﬂlghcei i
cul ture WoiaBleCFmRiinERengd Rendt @ibgehic stndedR)in ah uhfidfecutitied staredi a
descri bed herei nabove, ile the culture nediumis ca abLe of

/ p i .

mai ntH ni ng said usedhereie dhe ey TRARDHAT Tefes dp @ duwgris pabypeptide which
According to sti.ld e l. 31 gl&ﬁ 2S [ | -6
there is 5?%%1%:’3&}1 ea&rin%lﬁggh}d 3@ %gﬁ%tgﬁg'iﬁ% 6;}%0 nai(%gis%r%i )’ &%2%&%%%56 in
an undi f f Rrgndet airitdhp GahBankTAecasEibh dbb. iAAHB9HO) éelg by poutidrued thg soluble
stemcells in any of the culture nedi a, described_here|nabqve, .thereby
expandi ngllghdess® it é’ﬁn’?eﬁgfofthgbysta%‘il‘?:éﬂ fﬁ'%gi oﬁsﬁ?@@ﬁeg%é[sﬁgpglgo.
state. AAI%&-{%}EIUF hﬁ@ﬂgecﬁ@érghﬁiﬁ-é Arlehis gasRath 10L6 ¥ GetPoREaH GenBank

y p

invention is effected lating the'stemcells onto a matrix in a
cel | HensiAyesaiondRo.pCfEHe¥) gl d biolyaisallyl actirel feiion therefi(®g. Bugeceptor

15000 cePiaM PRI aBsRsy ons Tb6R IR A, B, e et MEERAPRLS
appr eci at ads tfgdct At e Yabsent naleatieelis apsiiensi ppomibg sthe nandiffdrentiatel

usual |y seeded, small clusters may al so. be used, ngtg't hils_,end, ;
enzymat i c geivghatimapgratnyeric gerhCellpp@hile naiptaingne theisPlytnatey) SaPacyy-

cluster dispphd 90,:(S§68d B2 WAkE SorktARfing 4R IL6RIL6 chimera the two functional
20 portions (i.e., the IL6 and its receptor) can be directly fused (e.g., attached or

translationally fused, i.e., encoded by a single open reading frame) to each other or
conjugated (attached or translationally fused) via a suitable Linker (e.g., a polypeptide
linker). Preferably, the IL6RIL6 chimeric polypeptide exhibits a similar amount and
pattern of glycosylation as the paturally occurring IL6 and IL6 receptor. For example,
25  a suitable IL6RIL6 chimera is as set forth in SEQ ID NO:31 and in Figure 11 of WO
99/02552 to Revel M., et al., which is fully incorporated herein by reference.

It will be appreciated that any of the proteinaceous factors used in the culture
medium of the present invention (e.g., the IL6RILS chimera, bFGF, TGFp,, TGFps)
can be recombinantly expressed or biochemically synthesized. In addition, naturally

30  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.



2 of the Exanples section which follows) is term nated before stern
cells becone conpletely dispersed and the cells are triturated with a
pi pette such that clunps (i.e., 10-200 cells) are fornmed. However,
nmeasures are taken to avoid large clusters which may cause cel
differentiation. 5As nmentioned beforeys stemcells can be cultured on
feeder cells or on feeder- layer free culturing systenms using a

mat r i X i nst eagigdhemnif efathesieldf thayesteinAseous dacter f the pressnt ervention

"matrix" refers to any substance to_which the stem cell dhere
and whi cieehdheHARALE Shimernkedn th ReriaTmed asine st ndant s partter i ddss

f eeder C?fshe?()% Wﬁl}ydﬁ uﬁﬁd& el f&hﬂdé’p]:ﬁ%‘%ﬁ'ltﬁ@&l ? AL sblidibise synthesis

conmponen stem cel an attach and thus it provides
a sui t abligethods; fagmentiehdatsetion and clmmal solition synthgsis.abl e for use with

the present invention are extra r. matei I
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part of rrehé@Rd disapurbbmbhantNeohit tSuﬂ@a
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aspect ofd@tnﬁ:eﬁiﬂanmmt al. nﬂe%f?i} ddetheds| mdgnmqh 195448 1 et al.
ok o0ty Wrethiof of ey oD 185 R4S Bl B0GH %?%Mg MehRCA 011514,

hepar an S({'} I"one’or T n vari ous I nat1 ons.
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human- derééggg g% %ﬁ@ﬁﬁ?&s (Ecr\ﬁ%g%é!cﬂaﬁSSZQA&Bd%QBFP&h{MoMﬁBDBﬂ%gWGd

| am nin rix of a synthetic fibronectin matrix
whi ch _canAbgleatit 23N Samtﬁjrgﬁﬂl 15t 421-:663.s Sphdficalisi oy IlgaHLpehimera

produced usi ng known re n nol

of the preiehh SYRALH PH e%F‘ ‘??‘b?%tbﬁﬁgboé’r%ggﬁgs %? 2{% éllﬁhd[ e(E%fem
cell's cul ey doga aiiiytiheorpbiardterdinygnife@AcLan be 25
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exanpl®e, as deBor B)tmlcpifsmtOEg@Imte the JLORHS ehimept- e Pglé’étl"?l‘é?\ﬁ%h?e@Hem’e
foll | t
oo, b B ElR S A2 SREDALG s ppeep oty

passages gi%f&alﬂ? Nigate)l ih@Sahheldic atidboeskpeansiiable oc templesn‘imﬁ 3% h@ﬂ ce&
, 1.5 x 1054) given that the hESC doubtéé]lggtlrre S

passagi ngligecurall avehiph e ro Ignypdgatide en s pRlYPSPLFG 093‘3@01?% ""s%o
Lh Pl our egr S & ohfifed) AMLEORaf! Pty A8YeheBRtbl IMcRIBIBife With e

Exanpl es S S.” provi si onal gpl i cation
30 No20 604834ut7Af pattetrhel giyasghntlon my efi ther satfally edoyatine Iha and Hz@Be}he

the present inyentors have ncov.ered that huma
ina suspBﬁ%tl"SHeél P lé? g}%egbq%glragﬁsaemgﬁl as suc can
be mai nt aig ﬁ@ﬂa sifinfaR@eod Cifceant i at ed pluripotent state. 5As used

p

herein the rase "suspension culture" refers to a culture in_which
t he enbryonl c Foerxpesdion mmmq:l@nd@ﬂsl[ﬁga Cﬁé@l phisy by HEKgRY3 cells

adhering t e c r e

i nvent i on ¢ g%cg@{}r 3%8%)]&6%‘??“%%’ HW@%IL Sx v% P{Q‘Etﬁé g%ner%ecu
(e. Q.95 ES@{)M?[E@ canakl ep@f aexpandiingted t&;OprB@tBer pciDEABd(ﬂh) pGL3
external substrate such as components of extracell uM%r

gl ass mi cipdealYREr-)orpSeobegdis pDisplay, THEE/myrede, Rf /’@é{"}Pﬁtoa péR?’ 1,
SUSPEnS! Ot 4t IR . SUSFLY ShAPARCEOREGI S ee AR o
undi f f er enpiigbesh, ptUuwhdt Bnivasiublieefi¢ixPuvplegas phitric.dpPleach pBKsREW jnd
pBK-CMV which are available from Strategene, pTRES which is available from

30  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



When cul tured according to the teachings of the present invention,
stemcell 15 growth is nonitored to determne their differentiation
state. The differentiation state can be determ ned using various
approaches including, for exanple, norphological evaluation (e.g., as
shown in Figures la-f, 5a-d and 9a-g),.and/ or detection of the
expression pattern of typical markers of the undifferentiated state
usi ng i MUEAGLPELEAEpies Al GR@SinsliEd pREB G, edpRIOSTEDhyr éxemplary vectors
menbr ane- bound marKers, 20 i namunohi stochem str

or .
 unof | Gorlebe oNES.f phVeRYALe BMID HYArpMiAiynea:3 Pasulvins BRS B ot

enzymati c i noassay. f e d : S, g > L
ot | 667 Uk nee e e i SERCRLEL o Bl HednERiSusP o BESRA oc
of this agReGho@btel,SVRINEERAproMyeAL inolllodimelne tronttdere xprimeshammafy
Cct 4, stage-specific errb%oni c antigen (SSE% 4, ]t& . tunour - rg{aeﬁti ng
anti gén ((TRAY VU Promeier RALS SatsemagirusETgiRols, ByRedtig promoles, @t oyt
Addi ti onal V. f X } Ldiicc undi fferentiation
mar ker s %é#ﬁé?fe}%oﬁ,&ﬁgﬁ%egﬁ Sglé Z%Sli%e% egj{ao%ﬁ:ﬁ;&bélég:@ or

di fferentiati Oviarbososstodsean be vatdbimintrpdugedbagamessian egiodof eheguesent

0-gl obulin, Flkl,6 AC 33 an eur of i.| ament an _be.. det. i

RN bas e dRTERITEADSS - aoRrPeRod Aol A oS ot S B ReE s, o
and 10a- Qo RRMEPCIGHENS Bi CARA&HAY MEdahY Udld SHingOeleberi Datioratoryo N5
cell differentiation ¢can also be effected via neasurements._ of

al kallidne PorrspAsY,a992nan iAnsubel atradli Coaertinkiotacels ndvaleorler Binlpgy. Hale

al kal i ne phosph se VIt i C t egled J

cells wt lﬁy%ﬁl%%nfjaﬁa%@ Hai den 1%g9)a§§a§§3€@ap| ng V(\)II t%ﬂ‘e{'ﬁ%&%&?’g{rc
Reg substpaée A&hti?.@@gq\vx@hng 9|9@)f, I’Wgufeaal,t(ﬁ?re' Farpetitey CRIC ?nss, (AecAor
Laboratories, Burlingane, California, USA). . is further shown
i n Fi gur ¥icha-(89%Nd Vet i hediey ek dYipieeular Sﬂ%%@%ﬂ%l%é_ﬁ&& i
whi ch {0l b aMewalle IIERCHacd FYGE Gnd ARG &3P BiSteGhnidlRs AEPSSA-s1 S
| i ne of human CsS1n corrpFete xeno-free culturing conditions using

t he TIGFB- tn8%8 damlil inciude,miati wrample, stAilasor domesiedt Mposicijen, Hpofection,

addi tional, aspect, of the_.present invention there i s RLQW od
of deri vi HECHEAPOEIOR A aRdetign vt feepphinateEel YHos a\é/lfiglg’gt %&n@;éq
(a) obt ai pingan AADIMORNS A7YMEEE hosditiRMeaiEsdletibaniotiidden st age
bl ast ocyst, 10 post-i g}l antation stage blastocyst and/or a ?enJ{Lt 6“%
tissue of a feTwasfoandd ¢l acaitultiredhwnder effeotiieyronditions, svhicheadlow Fo5 the,y

O e UL LSIEOh S bR A Gy S AR 0 1D

erm derivi u erein
ref ergp t oclgewenatiolgvaiy efsdeetinines e delchithienmcbvamodithd emembinet
enbryonic stemcell. 15As used herein thePfhrase "enbr)égfi c stemcell
line" refpolypensidenpesffeniet Thennass |Tecousrtat Wedehuriinaly PPRERRIes i“ﬁ%qee
or a grou oy INPEEuR QARISAE (R Blypeptide
single hugme@r%{nbr?{a%g%c‘%gtg St,ﬁ{g:[%%ﬁ%mﬁlgac ar ac% eri ‘zedlﬁig%/ t hlg) 3):';]ijblﬁl ity
to prolif sidhedingt implyudditiohallstepreif semmiationgr pheficaiwinf f er ent i at ed

el | from a pr AhHPBRERLIBAT Lt ACORYREe poBr g SY sy of
st g et R R e R L Bove. and | T e
"General chromatography, ion exchange chromatography, filtration, -electrophoresis,
hydrophobic interaction chromatography, gel filtration chromatograply, reverse
phase chromatography, concanavalin A chromatography, chromatofocusing and
differential solubilization. _
30 The polypeptide of the present invention (e.g., the IL6RILS chimera} is
preferably retrieved in "substentially pure" form. As used herein, the phrase

"gubstantially pure" refers to a purity that allows for the effective use of the



Material s and Experinental Methods"” of the Exanples section which
follows. Briefly, the zona pellucida is renoved froma 5-7 day-old
bl ast ocyst using Tyrode's 25 acidic solution (Sigma, St Louis MO
USA), the trophoblast |ayer is specifically renoved either by

i mmunosurgery or nechanically using 2 needl es and the exposed | CM
is either directly cultured in a suitable culture system (e.g.,

feeder | aydyseptifieofl e proset idantisn 6. 2 IS HBRISE QUhirGeta) U ﬁbamtﬁhm@ethe
presence of any of the culture nedia described herelnabove (e.g., the

CMLOOF, HAMeSmisyonig glehyelis dp anndiigepyated srenwhigia qulture.
I t at
pre) mpl antat g)—; Dk ¥ S50l SN B0 1101 0 Kooy section,
l%ls day- ol whibh dell@ey st mfnunga@pknmmd wrtl‘llth@t‘[ag io® m{pp rrgﬁghsf t}u:: ﬁtGbehG
ast CS S use. n er ers o eder I, ulturin
yat e WHTEHEE| TaNer Aoh BRICRERS o 4 s kg it i o
fol I ow n@[eé{‘ﬁ“@hpés ek mbﬁatp%&eﬁﬁfﬂlé hohd 13 P013HE An@ Pl fferk Sabatith 5

cul tured on feeder ers, feeder-free matti1 X or a suspensi on cuI

in the previdaseed by ﬂ@m rovation of embrynid badies EBs)swhich eaipress marl@m)v%all
(e.qg., t%%%? Gm;ggg%? 2 mediunm) as described 5 hereinunder.

When usi ng he geni e of a fetus, the genital ridges are

di ssoci at ed arplefably,the IEGRIILS chigheleswitloh Gl il@lelneeatileire medium of
mechani cal, di ssoci ation. The single cell

di saal% tg{lsed i nt o cells %

EG c ASPErE AL émnra?eéaui‘fﬁnmw@rmﬂw & @ cogputreian of delsett 2p wg/ml,

h b t

cul tur o reosy? Al AR 100 et pERERI, 2 RIOSAO M AnE BTRAEE. HiiEAg
al | ow ex pai}ﬁlmgzini oft shindd éaaviedrihat thd emcetdtoniof e 6RIN6 Chieteentiratad

state, es aI I descri [ ei naboye r ef er abl t he
Sert Ceut thPEARE (b T GURRL oF e DB SopREPtda SIGBAS I SYAhERSEr 40
% at | ear%&orﬁ‘ﬁnﬁﬁt @iprés@ﬁﬁt arOthe BPIRINR rlﬁfiﬁé%d Yredda ghﬁoés%f dfusthg"ME €

preferably at |east 80 % nost preferably at | east
undi flifer eﬁﬁtﬂmlédﬂ@ﬂ@ﬁﬁl@efﬂqp@ndlmgpn swgli purlig. appreci ated that an

establ i shed e te can sub ect t

cycl es Wthou{pr%%é?rép;)e{fl ﬁi ﬁhe p of° P%IF%%I yg"l%af}ég% thg%gsl%egf Iogatﬁﬁ
t he undi fﬁr@ﬂeﬁﬂiﬂvﬁﬁfﬁﬂl Bichides s1tdse 2pfgﬁﬁlabmn,gatt1&@t B nighhll; bﬂéﬁﬁmng/ml at
capacity. For e as i s shown in the Exanpl es section which

s TG S peunl B Brseh B o) IR e Bleset R Leshs aehy. #iloasen
and thavveg) %RA\%FG% 35'?) aihﬁ‘le!: 40063 1 TxcdmdRA bBtdS8GH R Deltbn which

Exampl es 1, and 4 of
20 follows, a culture medmm which includes 4 ng/ml bFGF along with 100 ng/ml of the
IL6RIL6 chimera was capable of maintaining hESCs in an undifferentiated state for at
least 43 passages.
As mentioned, the IL6RIL6-containing culture medium described in Example
1 of the Examples section which follows included serum replacement. It should be
25  noted that such a culture medium can also include serum (e.g., such as human serum)
instead of serum replacement and yet maintain hESCs in culture in the
undifferentiated state. 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
30  concentration of at least 15 %, at least 20 %, at least 25 % or at least 30 %.
Alternatively and currently more preferred, in order fo 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.



Exanpl es section which follows, hESCs which were expanded and

mai ntai ned in any of the culture nedia described herei nabove are
pluripotent (i.e., capable of differentiating into all cell types of
the three enbryonic germlayers, the ectoderm the endoderm and the
mesodern) as evidenced in vitro (by t formati on of EBs) and in 25
vivo (by the formation of teratomas). Thus, hESCs cul tured according

to the t %C;ginnﬁﬁitﬁlfg &henp 85808h hryeRtd pledaRn dae beser HaCMBusdand or
generating differentiatéd, |ineage-specific cells. Such cells can be

obt ai ned medigutdegciibedrin Eranplse? aB¢ 4nfishedxamiples sestigmpdidhdoliaws-ous
differentiati si gnal . Ok ) r

or 1 ndi rect ! y. TRatnar 1 Silne sfd SeRABed RECERARR, vaiAMp phaa i e
30subsequeats $isc§ff)ﬁﬁ et haTLORIIH cheld® padsehth €oEBR fist tine agwelpefindd,

cells. hus, according to_%(eet_ an additional aspect, of bﬁ,gé
preserdt ixenerfideorvuliver enddinmr whicheds dhiglly hswitable foncsBEIiHg %608

bodi es from.enbryoni,c_ st i

cul turi ngaplrf’lll?gatéor’r%F?%?Sccegfrgg%gdc@%ag-{?ﬁd ggr%bﬂggﬂ th%g(ﬁcu; t%ﬁgcapégﬁﬁ%ydi a
described her eThahaeontiieC o iyet cmpaiet easpéet nefi Mieaiprdsey irtventiborbtheoeiis
stemcells in an undifferentiated state, .to J‘_ther eby. obtain ﬁx anded,
undi f f er epfoviled da efibigRo ARediR eYiich| 15s devid) gt Ferttinilkt t SHYmfee), xeno

expanded, %&Hsﬂééﬁnéﬁtl’ (Z.Qt ix@ﬁcﬁﬂ}g?)m?éeﬁ&nia glaféh g?{?‘hfe%hézsla&é}—ﬁw) talfl ipPdein carrier

condi tion for différentia e enmbryonic'stemcells 5 to
enbrydi d gedi essteinheasisy-figenemdt iyay daheblentbf yoridtdadg estefy ¢ails Ha an
enbryoni c s§, cells. As used herein the phrase "enbryoid

bodi es" r&% Efeflﬁatﬁiﬁtﬁﬁol ogi cal structures conprised of a popul ation

of ESCs, extendgdnhasieaChabingbbies ahfBlesdrimddhorE:iiiponi end el okl s
(EGCs) which have undergone differentiation. EBs 10 formatjon

i ni ti at esEkahplesierion véicefollows, e pesentdrenmtons hawhupioyerer doat siget ¢rlls

fromES cell cultures. .In the fir e f i S, -
prolifer a?tbolhi it m&?f‘élembﬁpﬁ)s%%gte%’f c(gﬁesl ?45? &%%%ﬁ Celn'g%{rég%lg}e)gf \E\nﬁt h%tuung
di f f erent hRBia0bschibedt ieeeifibiost apd &8 endifitathied fiee tlentridifféromiatébbthtowrhily in- 4

days in culture for human ESCs, a |ayer of endodermal cells is forned
on the ouP‘élFLWF-ayer of the small mass, resulting in. "sinple EBs". In

the second pha OV N8 ARQoHRVEpRe St Blef HiRESR BN, there is
"conpl ex EBs" gﬁgs’%%ﬁtr)rgg.{go@npl ex EOBs ar% char actlglri zed by extensive

di f f er ent patvided telbctlonerwhath asrdpriwsdbesival celbhnd anin af her ¢uliarg pedia

tissues. .. Thus,.the nethod of .this aspect of . .ith I ] .

i nvent i ond?WBFREE?e{Dﬁ‘EO% I"‘tfh\ﬁhlf3 i egc‘f#‘“%g@nﬁh lsa??'ya%lF 0? ﬁ[gaug%ﬁﬁﬁseaidrrsetgﬁla
descriped erigianaRaMerddiapddese t 0 obtain 20 expanded,

undi fferentiated enbryonic stemcells and then_ subjecting the

expanded, undi #cepwing 4 etllEgcaddiional asnech @t cbadreseghdnemtion Hherer by

differenti_ati t he to _enmhryol l: i.Ng; :
conditi on?roé’llcge%sﬁ %ﬁtg??ﬁg%ﬁ%ang%\goiﬂép g‘?&g‘%@%gr%n}ﬁ ihzgfl ?61&1 l"lilﬁn I bflfeir%nrtg/ated
factors weiagh et gethopli9¥fFectetl by Baltsigptht ajem eclis in ey TWBEhe ciultwé orediaor
the I L6R1L6 chinera. 25For EBs formatjon, the ESCs are renov P fram
their feedescribed hereipahoye, theegbyr exmapdimgcyid mainianiies fhenstepe P@.S, I

fibr oggct' d erénﬁmeﬁisfhtgatri X) or suspension cultures and are
transterre 0 a suspension culture in the presence of a culture

medi um cont ai nichgtusiay urcadingeto this espet exfethe @Eastnbéveylidesicffeord by

O et S CSSa L b uSo s b g

exanpl e, a;QLLHBE VIEHnieasdtabk®n! ofypkBRyS £ piEhi AensBYofl Hebhstptabut
15,000 cells/cm® and about 3,000,000 cells/cm” is used.

30 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



basi c culture nedium (e.g., Ko-DVEM or DVEM F12) suppl enmented with 20
% 34 FBSd (Hyd one, Uah, USA), 1 mML-glutamne, 0.1 niM

P- mer capt oet hanol, and 1 % non-essential am no acid stock.

Monitoring the formati on of EBs can be effected by norphol ogi cal

eval uations (e.g., histological st ai mong) , determnation of
expression of di fferentiation- ecific markers {e g, using

i munol ogh ehfher Bernplgy section ‘Rmhbfg ews)aisaleysingted chefore SRFn RER beddide

m croarr sentially as .descrjbed |n
The ooty ML obh O G tRe el & biackefo R RopRe 4.4,
Fi gures 40~200 k) are Homveels sk vep tERared GEPRbNS 40id Recd @ENAE Wifich
this aspect of th resent invention exhibited narkers of all three

10 enbr ydwcCayes ¢all differegtiatiore h as al buni n and gl ucagon (typical of

t he egbryonic gnda I|n
(typi ggl yof t he engt%?r%lbg?orlrgg% I?&Lige 9@?@%&9% ne%?%fqllogr%%qer'
(NFH) (t yqier a&eeo:fulumag apiieme msmgea:mdia{ iﬁstead of a feeddrtcei lnyerbeAs used

appr eci at.ec in order,to, obtain | ecific cells fromthe
15 EBs, %’8 ?"et“PFe LG Afeeloray (S EW églll%‘aﬂ%eostféfﬁ |celig pangadhere

condi t i ongd sWidABER IR E:a.tlx bﬁ@ﬁﬁﬁe #2861 %ﬁ&c]ﬁ%nk $anction of fegaé?fc@ﬂ@bé&ch at he
met hod of this aspect of present invention urtﬁer includes™s

(c) of sHmiEE ﬁm%flﬂdeqqn?ﬁﬁ@ﬁ e&%éelédﬂ‘rqommmbntd itesvhioh thelstenr ¢eily can attach
condkhi o and/ or expandi ng | i neage
Il afid S: ﬂ%}ﬁ%de '%é :‘?Lr 4 tbﬁégcla' 0 Ut ¥

speC| ic ce ere ineage- 20 specific cells

fromthe enbr ;Paﬁicmlastyemtﬁmb Ifor use mth 1505 fpﬂ&%ﬂt RQERIA A ExtPREBSIS: matrix
"cul turi ng@eondl tions SUI table for differentiating and/ or expandi ng

| i neage SPREPRSUES delivesh fropy bassmest meatwarienant poraceliulau matiie componsmis

e.g., fe r I ayer e nsi ulture
ang a cu[ﬁgﬁrfe&%e iattmxgml gﬁgiglr?glﬁéﬁ?@gbf&%%#ﬁgﬁg gf)‘?éi ﬁ%e‘nt |I§cfri %Wltm
and/ or expanplies nf ﬂﬁt®hemafmces edlidh @h e used pgsthel atethodh fthzrmspe) bs fef
Non-.I.im ting fo such uring_conditjons_are

FurtRar BRoS BRpaar i adrited BeCigdRekibtry DD i ditemeetins
aspect Ofpldtét%iﬁfaﬁséiﬂ&ct!nnh%b&ér%hlfaw Eﬂ@fhe'lg& Mgﬁéoﬂ 15%?15&{:(9)&3%%?
speC|f|c cell's fol lowin step used herein, the

"i sol at i Al CRyeH@eigse §9@§?@E -E@E onbfisng condititns 80 desmecb hinee ntatrof isa

7 Xe0 PORMLLON AT Bhh ki SR LD A RESTRAI e
| i neage ﬁhd:nomm‘mes | inclhide] foe appigs duednidedted! ﬁbr@ﬁédtm' | REGHEDaRY ©
deri 58 df %Porlrnle}:i?ne, errngg-deem?é&/ Olglln(l:mg,e rfor*e:skm fibroblast matrix or a synthetic
fibronectin matrix which can be obtained from Sigma, St. Louis, MO, USA or can be
produced using known recombinant DNA technology. Preferred matrices of the
present invention are fibronectin derived matrices.
Thus, stem cells cultured using the teachings of the present invention can be
25  expanded while maintaining in the undifferentiated state. For example, as described
in Example 2 of the Examples section which follows, culturing of hESCs on a
Matrigelm in the presence of the TGFB-containing culture medium (the D1 medium)
for at least 53 passages (8-9 months) resulted in an expansion factor of 2% (i.e., 1.5 x
10°%) given that the hESC doubling time is 36 hours and that passaging occurs every
30  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



35 layers. Thus, for exanple, hepatocytes and pancreatic cells are
derived fromthe enbryoni c endoderm osseous, cartil agi nous, elastic,
fi brous connective tissues, nyocytes, nyocardial cells, bone marrow
cells, vascular cells (nanely endothelial and snooth nuscle cells),
and hematopoietic cells are differentizated fromenbryonic 5 nesoderm
and neural, retina and epidermal cells are derived fromthe enbryonic
ect oder m No. 60/SB¢585 db ﬂg; prcse@h envenietetiled Asgbdti 2A06), e presenpinsednts

i nvention, isolatin
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of Trypsi Ataend EDTA (0.025 % and 0 01 % respectively), washed with 5

% f et bovi ne [?) 2 )

i ncubated for g%‘i{r%g%h%ﬁﬁ%%gb\%a?% %ﬁorggﬁlﬁﬁ% ?% ‘§a¢) ﬁntﬁg%aagﬂw
directed agdiyvsic Slahlceﬁyaiﬁaaﬁgyeﬁdﬁd xg@nﬁedli&ﬁrram&mm Bdlmsmg(bo assyfeei fi c
cell lineage. For ndot heli,al cells_are, i ted b

attaching an 18 aﬁttﬁ%a&@rap @Etpé%re%fgam@n% eypid; |S@ stegfryeidhseaneg] in

cel | adhegj Eggﬁl% I SRRR

PECAML antl odi es%(gg%slgé;aval ))%Elég rom %Q}gpail\lﬂhﬁge‘ﬁ thgpkﬁrﬁlggﬁb%
Bect on Di ekiersbnutBirateSuck as esnpSantslafsexira@iluldysagirissa gbss:ml@e@mnﬂ or
LevenE@ %\_ﬁ et al., (Endothelial cells derived from human enbryonic
stem E roc. Natl. Acad. Sci. USA. 2002. 99: 4391-4396).

Hemat opoi eti c qghb ShEMU PE@nr&PIAL s géﬁmaﬂ chinuerdse@ndf stbk@keladherence
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enbodi ment of the present invention, isolating is effected by a

mecha®f calimsupahistochemiscy ced emunpHueressearr/for ekiracellular j and satragelulites

contalned
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Appl . No. iR@030049a36cknt® exiplditd ain. hESTY edlayedhetobBag ab thd eneicgisehthis

invention are transferred to gelatin-¢ a ed pl ates Oé chanber slides
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differenti % ?gdr#lég?e me anl cé y separr cf% coI ed cl) %I%o a
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cardi onyocytes capabl e of beati ng. According to stil
of alkaline phosphatase activity. Undifferentiated human ES cells have alkaline

phosphatase activity which can be detected by fixing the cells with 4 %



To differentiate the EBs of the present invention into neural
precursors, four- 20 day-old EBs are cultured for 5-12 days in tissue
culture dishes including DVEM F-12 nediumwith 5 ng/m insulin, 50
ng/mM transferrin, 30 nMseleniumchloride, and 5 ng/m fibronectin
(I TSFn medium Okabe, S. et al., 19963 Mech. Dev. 59: 89-102). The
resul tant neural precursors can be further transplanted to generate
neural cepargformaldelyse( 81d devdlening wit thel VectdDREd dubsivatt rlgr gesnedias ad

neural pr S partici.pate, i 5 mamal i an_brai n _deyel opnent .
Proc. Nat ﬁl%%‘g%r.er §&Fs.twﬁé&?5 @’f?{z’{i@b@ﬁtﬂ@%@‘!ﬂmga%’ QaF HPé¢i at ed
that prior to AbekrfuithansilvntiRiFifhes A% a&a”d%lscrﬁ{eaci&irE%ﬁ%IQ@ of the

trypsinized and triturated to single-cell suspensions In the presence
of 0.1 % Brgseles section whigh followhdhppresmh invienipenwerewapabie of ddradend hat e

to oligod d. nyel inate cells by culturing the cells in
modi o4 @%crj@ ’nefﬁﬁﬁﬁ%aw.% mgc‘.éfllpki%%ﬁ?%'ﬁﬁe S0igs cRaditions g eGE Rrbaseg |
pyr uvat e, ciyitupgestimane, putresci ne, thyroxine, triiodothryonine,

insulin, transferrin, sodiumselenite, am no acids, neurotrophin 3,
ciliary neur ot Fiihiaecordisgde yahen aégisiongl Bopeas mdtted presdut ifverSioBahere i6

H, 1979, : ci o USA 76, 514-517. Raff, M :
MIler, F%."Bﬁa,%dﬁ ‘ﬁ%ﬂt}%& ﬁ?@‘g’@gﬁ,ewfms@%@% 358g mefjodds effeciphy
are di ssoby:aepdbiasiing af .c&brPonts ¥Rsd BAEEDA &riliMpRhtadén GQagdastocyst,
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f 1 askd coPRSLiAP AR Eon slage biasier st spi/ena seaielwissue of afesesiané (Manulimriogd
5 %fetal i Lhaculture, the, flasks
S )08 e LR P MG N Sk g L35

ol i godendregicyngiby emvponge dsthrceld Yines are remai ned adhering to the

flasks and furtli\etr t.oduci ng cog{&ibtipngﬁl medi um _Pri mar% )

ol i godendr ocyt €¥ § TLARS 15 80¢ 1FCRSFefy ieBeaeabng &t gy osisrstsmeell um
for addi tliefedm byRastane embPfdn@tad cait otal of 6 days in culture,

ol i gospheres are either 10 partially dissociated and resuspended in

SATO fmedi um f oits & heraim thembaase Sembryonisrstero opll Hhe wpfals Ssonbgbeid stend a
pl ated i - | dj tioned nmedi um.which is derived.fromthe
previ ous rbse ﬂgﬁﬁél%kg%t%?éﬁ?ﬁ %8&521 ts{élgﬁaqr.a, &P Eﬁﬁé)e%nlb%ﬁ/%}ﬁ‘incce SfrcEigly
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after spitnal ]fg%d tr.ansugl ant‘%;iion. Proc. Natl. Acad. Sci.

6126- 6131f. P Rle i { CUERTY o dnapieingng dhe wndbforentiates] ptat@sarsk thée

present ighw@pibRRagcRyt ransferred to tissue culture dishes including

DVEM nedi um suppl _emsn?ed with 10 % FCS, 2 nM L-gl utanine, 100

uni t $0m  peni Whtrining a0embyaric stemeglofiymi @ prefnfmbttion stAEkIbiastocyst,

cell-condjt4 medi um and 50 / recqonbi.nant rat stemcell factor
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anal ysi s .of even enbryonic |et hal nutations in t mce in vivo.
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ot ture: emsthe A8a SEILGAL T BRE S BOD Ao 1 mEPl LAt HenemyeR s he
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CD45-positive.cells are isol ated usin
POS| ddYa déseribad hereinabove (e.g., the CNHOOF, HA16 or D2 medium) for 4-10 days
30 (in case a preimplantation blastocyst is used) or subject to i 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-fiee



30 anti-CD45 nonocl onal anti body (inAb) ML/9.3.4 HL 2 and
par amagnetic m crobeads (MIltenyi) conjugated to goat anti-rat
i mmunogl obulin as described in Potocnik, A J. et al., (Immnol ogy
Hemat o- | ynphoid in vivo reconstitution potential of 38
subpopul ations derived fromin vitro gjfferentiated enbryonic stem
cells. Proc. Natl. Acad. Sci. USA. 1997, 94: 10295-10300). The
i sol at ed &MBmpegittmwehicle bllow daplddetiourdfhs blastotsh edthsSurfgcs fellovging
passage over _ a_ MACS col Jtenyi). It will be appr ci%%%g%that
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cell lineage. . 4n addition.t he |d e-specific primry
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the teachyngsgoof, ﬁﬁ%p%f@?a%[},} atl | BMERS bOBE @HderrdleNeaPgenRYlls. _
differentiation processes simlar to those naturally occurring in the

hunanl&nbryo t Heyilt &n aperecintechthat aseestgblishady pmbryorid stpasedl tinecapybe

and ti ssue .l.eqener at.i.on. . th e i i i es
fhe use orifaTEBEENBAY cofes withditpamlelife MECAGT e TIbIAR G SR
cells or gethe untifsemibtet Beat® bile DieserngnihelR plirtotdnt eapacitg. Fodesamsler
requiring cell replacenent thera

) aApy. .. For exanpl e, oligod te
precur sor 8 BaROWE %é@(ﬁw&l?wﬁ%mch fallaws, dléwgr?(%pép% ?ncgfo %Mﬁ%
di sease: i i pnmal nodel s. Ml ecul ar Medi ci ne
e

Today. 19 pp. ndrocytes or nesenchynmal cells can be
30 u2@d in tréativshownfn Fomecasat]l end i3 Hesgebetbire Examples $, 2Ratl.4 dbthe

4,642, 120). and, cel l s of .th it lal .l ineage ca e used  i.n skin
r egener at | camples section ydich ].%61?9 5 Q%%gs Wﬂg&'h_w%g _exgﬁngigfiﬁga}ntamec? in any

of the culture media described hereinabove are pluripotent (ie., capable of

differentiating into all cell types of the three embryonic germ layers, the ectoderm, the
endoderm and the mesoderm) as evidenced in vitro (by the formation of EBs) and in
25 vivo (by the formation of teratomas). Thus, hESCs cultured according to the
teachings of the present invention can be used as a source for generating
differentiated, lineage-specific cells. Such cells can be obtained directly from the
ESCs by subjecting the ESCs to various differentiation signals (e.g., cytokines,
hormones, growth factors) or indirectly, via the formation of embryoid bodies and the

30  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



39 For certain disorders, such as genetic disorders in which a
specific gene product is mssing [e.g., lack of the CFTR gene- product
in cystic fibrosis patients (Davies JC, 2002. New t herapeutic
approaches for cystic fibrosis lung disease. J. R Soc. Md. 95 Suppl
41:58-67)], ESC-derived cells are preferably mani pulated to over- 5
express the nut at ed gene prior_to their_admnistration to the
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and Deve¢edipnent 11 (1997) 1-11; Bermi ngham J. J., Scherer

O Connel |, Arrqy Kal.| and | d,
MG Tst - 1) B e eenen e i, Sevhid %Wﬁleét JBEF, BoFOGHE weﬁ
nyel i nat gQpnasgd cbﬁ;pf:&ﬂiu bf ed pé}?ﬂatﬂ@ir aﬁlesms lé'xfeﬁ&écp "tbias@%?ﬁscéﬁ@V

(1996) 1751-62]. ion to cell replacenent thera the

| i neage ®5éyi embryeaic gel‘@f cellse@ﬁ@%)ewhmhrlwmmrg@aﬁ daffgtgnmlqm i EB2ed

p b r t
Pl PRI ban R el ORI AR TRLES
20 f or m ediNAltulldse Ia Bt ﬂqabﬂEBefblﬁaﬁoin,eEMrbH&tra&d inkb Edﬁaﬂl nedsetdfdes
fromenbryonic fiproblasts and other. cells of undesired speC| ficity,

to produtilsavhighthee proge | {iFpreRyatiap. « B Hin Bk #DRssovinditieranhiation.t |
The | neﬁs%@gewfda?s 2 b1l for! IfindRf ©SCHa It S ARISAN s 45 iffrde

screen for ors (such as sma ecul e drugs, peptid
pol ynucl eothiedsysr laymt of tilee $thdlemasy, r%ﬂtmdf‘smpis EBstichn tis secdltduplmse

condjtio pul atign)..t hat affect t f,ferenti ati
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growt h airk@Bhiaberi aneRve ditRieRfiatdin @Hcﬁﬂ%hﬁél aﬂﬂhﬁ&b@éﬁdaﬁ&élgrhnd
factors can be tested by their addition to the culture nmedium 40

Addi t i on‘é‘?flvéﬁ}f‘eﬁﬁ%les advant ages, and novel features of the present
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be Ii m t oM ESCAdidi o radl thy , cud@ed noddid liesorfbed dveseiaativodi e otder Etﬁldobtam
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fol |l owi ng exanpl es, which toget ove riptions,
i 11 ust r atrebiyhisl bawiesntSuoh cithuranghepmditions mmbstamiulb'rdevmd of dﬁmnmﬂiohy,

t he nomen latur herein and the | aboratory es utili
inthe p ?ar?ggﬁt“ihbﬁ‘ VRS SeRlovs dEiieaiter &)O%E Qﬁgﬁﬁ isoform or he

m crobi ojL(@HEglchﬁ&Mareconbl nant DNA techni ques. Such techniques are
t horoughly explained in the literature. See, for exanple, "Ml ecular
G oring: A | aborBBofoymitionydhe ESAsrreaekoetd ﬁﬁnathelr feed@8e) ;layeq feeeint-
Pr ot ocol l ecul

i ol \ol b R M, Ed. (1994);
Ausubel @? 8'111 eSS Ftt%é’ﬁt E%r,gﬁ%@B}looge&gxegb@gﬁﬁpgpatgﬁ)@bwpem%ﬁ%?wg Sey
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Mol ecuI ar C oning", John WI% Sons, New York (1988); Watson et

al ., "RecUVainmgeruDNar sergyiig cﬂrmentAnebemg deBuidiof diffesontinior-inlBbitern
et al. Edﬁ)rg ess%ﬁﬂﬁweasp‘ Rorlbedin E?‘( Pe% r1a AMd 4 of the Examples section which

30 follows. For example, a culture medium suitable for EBs formation may include a
basic culture medium (e.g., Ko-DMEM or DMEM/F12) supplemented with 20 %



20 Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press,
New York (1998); nethodologies as set forth in U S. Pat. Nos.

4,666, 828; 4,683, 202; 4,801,531; 5,192,659 and 5, 272,057; "Cel

Bi ol ogy: A Laboratory Handbook", Volunmes I-111 Cellis, J. E., Ed.
(1994); "Culture of Animal Cells - Asbanual of Basic Techni que" by
Freshney, Wley-Liss, N _Y. (1994), Third Edition; "Current Protocols
in 25 |wﬁ§ﬁél(8é9i0moiitﬁhe§8m4 1 mMgi-glygamise, 1 mMP-nferepietha@ol, ed let

al . (Eds, g i L Nj | munol ogy" (8th Edition), Appleton &
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hESCs on f eedRrwilialye tipfrecigted thitUihi Rdesis bEH, lihddGe BpEIRE bl HERL DS
have teséﬁd variqus conbinations of growh factors, as foll ows.

Mat € al %m‘éF?]EﬁfetP? e ean W fndhes spbiseted te uiturieg copditians suitsbleofiirc
stem cel Ji,daBESLdcifid ag8, 1-6 and 1-3 [Amt & Itskovitz-El dor, 2002]

were cultured Tor 46 and 39 passages respectively, with inactivated
nmouse enbryonPefdiatly.obt asttisod MERES) aspectad thh xS asicntion e ingeddd m'

consi st f. 85 9% Ko- M .suppl.emented, with 15 % serum repl acenent
(SR), 2 ﬁ%ﬁ?\fﬂ%%‘ﬂ%“rﬁ“ﬁ%ﬁ of heisimbsy r‘%?gkﬁ‘ié%ﬁwélﬁa}g, copdigons suitable Ry al
ani no acdifefendstin ' ' | ineage-
Cor por at ilo ﬁ‘ |o1 rod ugc@,jﬁg gﬁnddﬁ?és%er? % g ?&%és%@ {?ﬁ%bk’@lég&tﬁfehg&fﬁﬂl\? e{lrnle%%es
nmedi‘d cowBfifigcrbnionrihs embeionicayen céltsse cul turing systens, hESCs were

bl aomn 11 br orist e S AboRfig: crhPRE i RR il & et ioene
pr esenc éandfor3phiding NE&GebgRbFicCadlibt kefer@i 4 %mwntaﬁo% he C;L%{llleoé%ﬂg’l,

conbi nat i onsf of cyt oki nes: (i)"Cvs nmediunt - 0.3 ng
| nt er | edkBn-leeder 156N lars.ofesdergfies maftis or a suspension culture and a culture

medium which are suitable for the differentiation and/or expansion of specific cell
25  lineages derived from cells of the EBs. Non-limiting examples of such culturing
conditions are further described hereinunder.
Preferably, the method of this aspect of the present invention further includes
isolating lineage specific cells following step (b).
As used herein, the phrase “isolating lineage specific cells” refers to the
30  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



sol ubl e receptor (both from R& Systens M nneapolis M\, USA); 42
(ii)"IL-6-1L-6 receptor (IL6RIL6) chinera" - 50 ng/m, 100 ng/m, 200
ng/mM or 300 ng/m of IL6RIL6 chinera (Chebath J, et al., 1997 and WD
99/ 02552 to Revel M, et al. SEQ ID NO 31). Wen used with 100 ng/ m
of the IL6RIL6 chinera, this nediumi% also called CMLOO. 5(iii)
Control nmedium- 4 ng/m bFGF (G bco Invitrogen Corporatlon G and
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grown in ree cu stemand differentiated cells
di ssoci atetbdesmng trypsi n- EDTA from 14-dayol d EBs were fixed with 4 %

f | deh d bat ith.15 .1:50, . .
i1 ut i ons of t AGFORBAAAHS FErFE GaRErisaars e Tefiegb b Ruict fplsting is

enbr yoni Cetd a8 solifinEdd cells 6BHEATY via Subestefivsictittdtell %(F)XCS%. g
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(Hybridoma Bank,” | owa, USA), tunor recognition antig
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TRA1- 81 (Chem Methqdatoérxsrdamail% -deTian erewiiatedUsals aﬁdeéES@I’@B’éﬁt He
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| east 20 cells_from each sanp Ies e %’6 as previous|y
descri bedsyaiFBE} mephosmfé%]mffq(a@ 9%{15%83 Mfémaﬁléar‘fvi 30) pefn o8 e v

accor di ngﬂﬁ&egégﬁ%bgﬁgg%gbgﬁﬁ% d§¥§t€§_ﬁ]g,%ﬁ§rt %éﬁr@?%xr LOGERRAS hiracteristics

Nonencl at'ure ormat | on mat1 on of EBs, one
to four cod bpuerﬁc ol lneaper Eousadhyle, endsihelisledells ptmsda(ed(bycﬁm):hmgscs
wer e rmveq) mth r.%glture glsh

col | atpena&dibod ﬁgF £h9 Ripts §Fr'édrq¥€elé?agﬁfég %Eﬁﬂ%@%ﬁl %/i (FredH)

pi pette tipy, amﬂe GHiokdse &y RbSLS nmmm Iafti SIS FEE8HIK) ivahigsle from
(Geiner, Frickenhausen, Geérmany). EBs were grown in nedium

consi st i nBhasMisgen(RherMBgeDVBMios ﬁb@u@m@@d siprags. RrdasgdA( HpdD dse,
Ut ah, USAziescub&Wn Lgven%erra Qe al., (Endothelial cells derived from human embryonic

stem cells. Proc. Natl. Acad. Sci. USA. 2002. 99: 4391-4396). Hematopoietic cells
20  are isolated using fluorescently-labeled antibodies such as CD34-FITC, CD45-PE,
CD31-PE, CD38-PE, CD90-FITC, CD117-PE, CDI15-FITC, class I-FITC, all of
which IgG1 are available from PharMingen, CD133/1-PE (IgG1) (available from
Miltenyi Biotec, Auburn, CA), and glycophorin A-PE (IgGl), available from
Immunotech (Miami, FL). Live cells (i.e., without fixation) are analyzed on a
25 FACScan (Becton Dickinson Bio Sciences) by using propidium iodide to exclude
dead cells with either the PC-LYSIS or the CELLQUEST software. It will be
appreciated that isolated cells can be firther enriched using magnetically-labeled
second antibodies and magnetic separation columns (MACS, Miltenyi) as described
by Kaufiman, D.S. et al., (Hematopoietic colony-forming cells derived from human

30  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.



0.1 nmM p-nercapt oet hanol, and 1 % non-essential am no acid stock (all
but FBSd 43 from G bco Invitrogen Corporation, Gand |Island NY,
USA). 10 day-old EBs were harvested for RNA isolation and

hi st ol ogi cal exam nati on. RT PCR anal ysis - Total RNA was
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conditions, or from 10 day-old EBs (formed fromcells grown 5 in the
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(Access g MR dEQLYAL (Flodidh ey BRG0P KRkl QIR )

Reacti on | ze
F:5' - GAGQAWMWWDQ SEGQM BGTA, 5 mM creatine, 20 mM glucose, 2 mM

10  NaxATP, 5 mM pyruvate, and 20 mM taurine, buffered to pH 7.2, Maltsev et al., Circ.
Res. 75:233, 1994) and incubated at 37 °C for 15-30 min. Following dissociation

cells are seeded into chamber slides and cultured in the differentiation medium fo

generate single cardiomyocytes capable of beating.
According to still an additional preferred embodiment of the present invention,
15  isolating is effected by subjecting the EBs to differentiation factors to thereby induce
differentiation of the EBs into lineage specific differentiated cells.
Following is a non-limiting description of a number of procedures and
approaches for inducing differentiation of EBs to lineage specific cells.
To differentiate the EBs of the present invention into neural precursors, four-
20  day-old EBs are culfured for 5-12 days in tissue culture dishes including DMEM/F-12
medium with 5 mg/ml insulin, 50 mg/ml transferrin, 30 nM selenium chloride, and 5
mg/ml fibronectin (ITSFn medium, Okabe, S. et al., 1996, Mech. Dev. 59: 89-102).
The resultant neural precursors can be further transplanted to generate neural cells in
vive (Bristle, O. et al., 1997. In vitro-generated neural precursors participate in
25  mammalian brain development. Proc. Natl. Acad. Sci. USA. 94: 14809-14814). It
will be appreciated that prior to their transplantation, the neural precursors are
trypsinized and triturated 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
30 bovine serum albumin (BSA), pyruvate, progesterone, putrescine, thyroxine,
trilodothryonine, insulin, transferrin, sodium selenite, amino acids, neurotrophin 3,

ciliary neurotrophic factor and Hepes (Bottenstein, J. E. & Sato, G. H., 1979, Proc.



140: 1) R 5' - TTCTGGOGCCGGTTACAGAACCA( SEQ | D NO 2) 30 cycles at 60 Cin

1.5 mM MgC12 219 Al bumi n (AF542069) F: 5'- TGCTTGAATGTGCTGATGACAGEG
(SEQ ID NGO 3) R 5'-AAGCCAAGTCAGCAGCCATCTCAT (SEQ ID NO4) 35
cycles at 60 Cin 1.5 nM

37

Natl. Acad. Sci. USA 76, 514-517; Raff, M. C., Miller, R. H., & Noble, M., 1983,
Nature 303: 390-396]. Briefly, EBs are dissociated using 0.25 % Trypsin/EDTA (5
min at 37 °C) and triturated to single cell suspensions. Suspended cells are plated in
flasks containing SATO medium supplemented with 5 % equine serum and 5 % fetal
5 calf serum (FCS). Following 4 days in culture, the flasks are gently shaken to
suspend loosely adhering cells (primarily oligodendrocytes), while astrocytes are
remained adhering to the flasks and further producing conditioned medium. Primary
- oligodendrocytes are transferred to new flasks containing SATO medium for
additional two days. Following a total of 6 days in culture, oligospheres are either
10 partially dissociated and resuspended in SATO medium for cell transplantation, or
completely dissociated and a plated in an oligosphere-conditioned medium which is
derived from the previous shaking step [Liu, S. et al., (2000). Embryonic stem cells
differentiate into oligodendrocytes and myelinate in culture and after spinal cord

transplantation. Proc. Natl. Acad. Sci. USA. 97: 6126-6131].
15 For mast cell differentiation, two-week-old EBs of the present invention are
transferred to tissue culture dishes including DMEM medium supplemented with 10
% FCS, 2 mM L-glutamine, 100 units/ml penicillin, 100 mg/m! streptomycin, 20 %
(v/v) WEHI-3 cell-conditioned medium and 50 ng/ml recombinant rat stem cell factor
(1rSCF, Tsai, M. et al., 2000. In vivo immunological function of mast cells derived
20 from embryonic stem cells: An approach for the rapid analysis of even embryonic
lethal mutations in adult mice in vivo. Proc Natl Acad Sci USA. 97: 9186-9190).
Cultures are expanded weekly by transferring the cells to new flasks and replacing

half of the culture medium.

To generate hemato-lymphoid cells from the EBs of the present invention, 2-3
25  days-old EBs are transferred to gas-permeable culture dishes in the presence of 7.5 %
CO5 and 5 % O, using an incubator with adjustable oxygen content. Following 15
days of differentiation, cells are harvested and dissociated by gentle digestion with
Collagenase (0.1 unit/mg) and Dispase (0.8 umit/mg), both are available from
F.Hoffman-La Roche Ltd, Basel, Switzerland. CD45-positive cells are isolated using
30  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 vive reconstitution potential of



Myd 2 302 cc-fetoprotein (BCOR7881) F: 5'-GCTGGAI | GTCTGCAGGATGGGGAA
(SEQ ID NO5) R 5'- TCCCCTGAAGAAAATTGGTTAAAAT (SEQ ID NO 6) 30
cycles at 60 Cin 1.5 mM Myd 2 216 NF-68K. D (NFEL (AY156690; X15307;

X15309)
38

subpopulations derived from in vitro differentiated embryonic stem cells. Proc. Natl.
Acad. Sci. USA. 1997, 94: 10295-10300). The isolated CD45-positive cells can be
further enriched using a single passage over a MACS column (Miltenyi).

It will be appreciated that the culturing conditions suitable for the

5  differentiation and expansion of the isolated lineage specific cells include various
tissue culture media, growth factors, antibiotic, amino acids and the like and it is
within the capability of one skilled in the art to determine which conditions should be
applied in order to expand and differentiate particular cell types and/or cell lineages.

Additionally or alternatively, lineage specific cells can be obtained by directly

10 inducing the expanded, undifferentiated ESCs to culturing conditions suitable for the
differentiation of specific cell lineage.

In addition to the lineage-specific primary cultures, EBs of the present
invention can be used to generate lineage-specific cell lines which are capable of
unlimited expansion in culture, -

15 Cell lines of the present invention can be produced by immortalizing the EB-
derived cells by methods known in the art, including, for example, expressing a
telomerase gene in the cells (Wei, W. et al., 2003. Mol Cell Biol. 23: 2859-2870) or
co-culturing the cells with NIH 3T3 hph-HOX11 retroviral producer ceils (Hawley,
R.G. et al.,, 1994. Oncogene 9: 1-12).

20 It will be appreciated that since the lineage-specific cells or cell lines obtained
according to the teachings of the present invention are developed by differentiation
processes similar to those naturally occurting in the human embryo they can be
further used for human cell-based therapy and tissue regeneration.

Thus, the present invention envisages the use of the expanded and/or

25 differentiated lineage-specific cells or cell lines of the present invention for freating a
disorder requiring cell replacement therapy.

For exarnp'le, 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

30 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).



F: 5' - GAGTGAAATGGCACGATACCTA (SEQ ID NO 7) R _
SLTTTCCTCTCCTTCTTCACCTTC (SEQ ID NO: 8) 30 cycles at 60Cin 2 nmM MyC12
473 cc-cardiac actin (NM 005159) F: 5'-GGAGITATGGTGGGTATGEGIC (SEQ I D

NO 9) R 5' - AGTGGTGACAAAGGAGTAGCCA(SEQ D NO. 10) 35 cycles at 65Cin 2
mv MyCl 2 486 13 - Actin (NM 001101) I(:sgfg ' NO: 1)

5LATCTGGCACCACACCT TCTACAATGAGCTGCG NO: '

R 5' - CGTCATACTEST G @ad@SASATICICE e BEQIRdNE. k2)whidh ayspkeificaten82C

in 1.5 ni Moduct is missing [e.g., lack of the CFTR gene-product in cystic fibrosis patients
(Davies JC, 2002. New therapeutic approaches for cystic fibrosis lung disease. J. R.
Soc. Med. 95 Suppl 41:58-67)], ESC-derived cells are preferably manipulated to over-
5 express the mutated gene prior to their administration to the individual. It will be
appreciated that for other disorders, the ESC-derived cells should be manipulated to

exclude certain genes.

Over-expression or exclusion of genes can be effected using knock-in and/or
knock-out constructs [see for example, Fukushige, S. and Ikeda, J. E.: Trapping of

10 mammalian promoters by Cre-lox site-specific recombination. DNA Res 3 (1996) 73-
50; Bedell, M. A., Jerkins, N. A. and Copeland, N. G.: Mouse models of human
disease. Part I: Techniques and resources for genetic analysis in mice. Genes and
Development 11 (1997) 1-11; Bermingham, J. 7., Scherer, S. S., O'Connell, S.,
Arroyo, E., Kalla, K. A., Powell, F. L. and Rosenfeld, M. G.: Tst-1/Oct-6/SCIP

15 regulates a unique step in peripheral myelination and is required for normal
respiration. Genes Dev 10 (1996) 1751-62].

In addition to cell replacement therapy, the lineage specific cells of the present
invention can also be utilized to prepare a cDNA library, mRNA is prepared by
standard techniques from the lineage specific cells and is further reverse transcribed fo

20 form cDNA. The cDNA preparation can be subfracted with nucleotides from
embryonic fibroblasts and other cells of undesired specificity, to produce a subtracted
¢DNA library by techniques known in the art.

The lineage specific cells of the present invention can be used to screen for
factors (such as small molecule drugs, peptides, polynucleotides, and the like) or

25 conditions (such as culture conditions or manipulation) that affect the differentiation
of lineage precursor to terminally differentiated cells. For example, growth affecting
substances, toxins or potential differentiation factors can be tested by their addition to

the culture medium.

30 As used herein the term “about” refers to + 10 %.



838 44 MyCl2 Sox2 (Z31560) 5' CCCCOGGOGGCAATAGCA (SEQ | D NO 13)
3' TCGGCGOCGGGGAGATACAT (SEQ ID NO 14) 35 cycles at 60C in 1.5 mM
MyCl2 448 Rex| (AF450454)

40

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

5 and as claimed in the claims section below finds experimental support in the

following examples.

EXAMPLES
Reference is now made to the following examples, which together with the
10 above descriptions, illustrate the invention in a non limiting fashion.

Generally, the nomenclature used herein and the laboratory procedures utilized
in the present invention include molecular, biochemical, microbiological and
recombinant DNA techniques. Such techniques are thoroughly explained in the
literature. See, for example, "Molecular Cloning: A-laboratory Manual” Sambrook et

i5  al, (1989); "Current Protocols in Molecular Biology” Volumes I-III Ausubel, R. M.,
Ed. (1994); Ausubel et al., "Current Protocols in Molecular Biology", John Wiley and
Sons, Baltimore, Maryland (1989); Perbal, "A Practical Guide to Molecular Cloning",
John Wiley & Sons, New York (1988); Watson et al., "Recombinant DNA", Scientific
American Books, New York; Birren et al. (Eds.) "Genome Analysis: A Laboratory
20 Manual Series", Vols. 1-4, Cold Spring Harbor Laboratory Press, New York (1998);
methodologies as set forth in U.S. Pat. Nos. 4,666,828; 4,683,202; 4,801,531;
5,192,659 and 5,272,057; “Cell Biology: A Laboratory Handbook", Volumes I-II
Cellis, J. E., Ed. (1994); "Culture of Animal Cells - A Manual of Basic Technique" by
Freshney, Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in
25  Immunology" Volumes I-IIl Coligan I, E., Ed. (1994); Stites et al. (Eds.), "Basic and
Clinical Immunology” (8th Edition), Appleton & Lange, Norwalk, CT (1994);
Mishell and Shiigi (Eds.), "Selected Methods in Cellular Immunology”, W. H.
Freeman and Co., New York (1980); available immunoassays are extensively
described in the patent and scientific literature, see, for example, U.S. Pat. Nos.
30 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);



5' GCGTACGCAAATTAAAGICCAGA (SEQ I D NGO 15) 3
CAGCATCCTAAACAGCTCGCAGAAT (SEQ ID NO 16) 35 cycles at 56C in 1.5 mM

MyCl2 306 CX43 (NM 000165) 5'

TACCATGCGACCAGTGGTGCECT (SEQ I D NGO 17)

31GAATTCTGGTTATCATCGGGGAA (SEQ ID NO 18) 35 cycles at 61Cin 1.5 nmM

MyCl 2 295 FGF4 (NM 002007) 5'

CTACAAGECCTACGAGTCCTACA (SEQ 1D NO 19)

3" GTTGCACCAGAAAAGT CAGAGTTG( SEQI D
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"Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
"Animal Cell Culture" Freshney, R. L, Ed. (1986); "Immobilized Cells and Enzymes"
IRL Press, (1986); "A Practical Guide to Molecular éloning“ Perbal, B., (1984) and
"“Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A GuidelTo
Methods And Applications", Academic Press, San Diego, CA (1990); Marshak et al,
"Strategies for Protein Purification and Characterization - A Laboratory Course
Manual" CSHL Press (1996); all of which are incorporated by reference as if fully set
forth berein. Other general references ave provided throughout this document. The
procedures therein are believed to be well known in the art and are provided for the
convenience of the reader. All the information contained therein is incorporated

herein by reference.

EXAMPLE 1
CULTURING HUMAN EMBRYONIC STEM CELL WITH A MEDIUM

CONTAINING THE IL-6 - IL-6 RECEPTOR (IL6RILG) CHIMERA

To optimize culturing conditions of hESCs on feeder-layer freée cultuting
systerns, the present inventors have tested various combinations of growth factors, as
follows.

Materials and Experimental Methods

RESC culfure — Human embryonic stem cell (hESC) lines I-6 and I-3 [Amit &
Itskovitz-Eldor, 2002] were cultured for 46 and 39 passages respectively, with
inactivated mouse embryonic fibroblasts (MEFs) in an “hESC basic culture medinm”
consisting of 85 % Ko-DMEM, supplemented with 15 % serum replacement (SR), 2
mM L-glutamine, 0.1 mM B-mercaptoethanol, 1 % non-essential amino acid stock,
and 4 ng/ml bFGF (all Gibco Invitrogen Corporation products, Grand Island NY,
USA).

To test various media combinations on feeder-layer free culturing 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 culiure 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);



NG 20) 35 cycles at 52Cin 1.5 nM MyC1l2 370 d ucagon (X03991) 5
CTCAGTGATCCTGATCAGATGAACH SEQ D NO 21) 3" AGTCCCTGGCGGCAAGATTATCAAG
(SEQ ID NGO 22) 35 cycles at 65 Cin 1.5 nM Md 2 370
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(i)  “IL-6-IL-6 receptor (JLORIL6) chimera” - 50 ng/ml, 100 ng/ml, 200
ng/mi or 300 ng/ml of IL6RIL6 chimera (Chebath J, et al., 1997 and WO 99/02552 to
Revel M., et al. SEQ ID NO:31). When used with 100 ng/ml of the IL6RIL6 chimera,
this medium is also called CM100.

(ii)) Control medium — 4 ng/ml bFGF (Gibco Invitrogen Corporation,
Grand Island NY, USA).

Cells were passaged every four to six days using 1 mg/ml type IV collagenase
(Gibeo Invitrogen Corporation, Grand Island NY, USA). Cells were frozen in liquid
nitrogen using a freezing solution consisting of 10 % DMSO (Sigma, St Louis MO,
USA), 15 % SR (Chemicon International, Temecula CA, USA) and 75 % Ko-DMEM
(Gibco-Invitrogen Corporation, Grand Island NY, USA) [Amit et al, 2004].

Immunohistochemistry - Undifferentiated hESCs grown in the feeder-free
culture system and differentiated cells dissociated using trypsin-EDTA. from 14-day-
old EBs were fixed with 4 % paraformaldehyde and incubated overnight at 4 °C with
1:50 dilutions of the following primary antibodies: stage-specific embryonic antigen
(SSEA) 1 (SSEA-1), 3 (SSEA-3) and 4 (SSEA-4) (Hybridoma Bank, Jowa, USA),
tumor recognition antigen (TRA) 1-60 and TRA1-81 (Chemicon Futernational,
Temecula CA, USA) and Oct4 (Santa Cruse). Cys 3 conjugated antibodies
(Chemicon International, Temecula CA, USA) were used as secondary antibodies at a
1:100 dilution.

Karyotype analysis - Karyotype analysis (G-banding) was performed on at
least 20 cells from each sample, two samples per test, as previously described [Amit
et al, 2003]. Karyotypes were analyzed and repdrted according to the "International
System for Human Cytogenetic Nomenclature" (ISCN).

EB formation - For the formation of EBs, one to four confluent wells were
used in a six-well plate (40 em?). ESCs were removed from their culture dish using 1
mg/ml type IV collagenase, further broken into small clumps using 1000 pi 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 B-mercaptoethanol, and 1 % non-essential amino acid stock (all but FBSd
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ATGCACGCCATCTGGGAATC (SEQ I D NG 25) 3

I D NO 26)

10

15

in (VO0499) 5 ACCTGACTCCTGAGGAGAAGICTGC (SEQ I D NGO 23) 35

65 Cin 1.5 nM Myd 2 410 3' TAGCCACACCAOCCACCACL- 1
D NO 24) NO23) NO23) FlklI (NV 002253) 5
GCTACTGTCCTGCAAGTTGCTGTC ( SEQ
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from Gibco Invitrogen Corporation, Grand Island NY, USA). 10 day-old EBs were
harvested for RNA isolation and histological examination.

RT PCR analysis - Total RNA was isolated from hESCs grown for 10-15
passages in feeder-free conditions, or from 10 day-old EBs (formed from cells grown
in the feeder-free system) using Tri-Reagent (Sigma, St. Louis MO, USA), according
to the manufacturer’s instructions. ¢DNA was synthesized from 1 pg fotal RNA
using MMLYV reverse transcriptase RINase 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 a temperature specified in
Table 1, hereinbelow, and extension at 72 °C for 30 seconds. PCR primers and
reaction conditions used are described in Table 1, hereinbelow. PCR products were
size-fractionated using 2 % agarose gel elecirophoresis. DNA markers were used to

confirm the size of the resultant fragments.

Table 1: RT-PCR conditions

Gene product | Forward (F) and reverse (R) primers (SEQ ID NO:) Reaction | Size
{dccession Condition | (bp)
number)
Qct-4 F: 5-GAGAACAATGAGAACCTTCAGGA (SEQ ID | 30cycles | 219
(881255) | NO:1) ’ at 60 °C
R: 5-TTCTGGCGCCGGTTACAGAACCA (SEQ 1D inl.5
NO:2) mM
MgCl,
Albumin F: 3“TGCTTGAATGTGCTGATGACAGGG (SEQ ID | 35cycles | 302
(AF542069) | NO:3) at 60 °C
R: 5-AAGGCAAGTCAGCAGCCATCTCAT (SEQ D inl3
NO:4) mM
MgCL';
a-fetoprotein | F: 5-GCTGGATTGTCTGCAGGATGGGGAA (SEQ ID | 30cycles | 216
(BC027881) | NO:5) at 60 °C
R: 5-TCCCCTGAAGAAAATTGGTTAAAAT (SEQ ID inl5
NO:6) mM
MgCIz
NF-68KD F: 5'-GAGTGAAATGGCACGATACCTA (SEQ IDNO:7) | 30cycles | 473
{NFH R: S~TTTCCTCTCCTTCTTCACCTTC (SEQ ID NO:8) at 60 °C
{AY156690; in 2 mM
X15307; MgCl;
X15309)
c-cardiac F: 5-GGAGTTATGGTGGGTATGGGTC (SEQ ID NO:9) 35cycles | 486
actin R: 5-AGTGGTGACAAAGGAGTAGCCA (SEQ ID| at65°C
(NM_005159) | NO:10) in2 M
MeCl,
{3 - Actin F: 53-ATCTGGCACCACACCTTCTACAATGAGCTGCG | 35 cycles | 8§38
(NM_001101) | (SEQ ID NO:11) at 62 °C
R: S5-CGTCATACTCCTGCTTGCTGATCCACATCTGC inl5s
(SEQ ID NQ:12) mM




35 cycles at 65 Cin 1.5 nM Md 2 537 AC133 (NM 006017) 5'
CAGTCTGACCAGCGTGAAAA (SEQ I D NO 27) 3' GGCCATCCAAATCTGICCTA (SEQ ID
NO 28) 5' ACTAACATGAGTGTGGATCC (SEQ ID NO 29) 3" TCATCTTCACACGTCTTCAG
(SEQ ID NO 30) 35 cycles at 65Cin 1.5 mv MgCl2 35 cycles at 61C in

1.5 mM Mgd 2 200 800 44
MgCIZ
Sox2 5'CCCCCGGCGGCAATAGCA (SEQ ID NOG:13) 35 cycles | 448
{Z31560) I TCGGCGCCGGGGAGATACAT (SEQ 1D NO:14) at 60 °C
inl.5
mM
Mg012
Rexl S'GCGTACGCAAATTAAAGTCCAGA {SEQ ID NO:15) 35cycles | 306
(AF450454) | 3' CAGCATCCTAAACAGCTCGCAGAAT (SEQ ID| at56°C
NO:16) in 1.5
mM
MgCIz

CX43 7' TACCATGCGACCAGTGGTGCGCT (SEQ ID NO:17) 35cycles | 295
(NIVL_000163) | 3'GAATTCTGGTTATCATCGGGGAA (SEQ IDNO:18) at6l°C
inis
mM
MgCl,

FGF4 3' CTACAACGCCTACGAGTCCTACA (SEQ ID NO:19) 35cycles | 370
(NM_002007) | 3' GTTGCACCAGAAAAGTCAGAGTTG (SEQ 1ID| at52°C

NO:20) inl.5
mM
MeCl,
Glucagon 5' CTCAGTGATCCTGATCAGATGAACG (SEQ ID | 35c¢ycles | 370
(X03991) NO:21) at 65 °C
3' AGTCCCTGGCGGCAAGATTATCAAG (SEQ ID inl.5
NO:22) mM
MgCl,
B-globulin 5" ACCTGACTCCTGAGGAGAAGTCTGC (SEQ ID| 35 cycles | 410
(V00499 NG:23) at 65 °C
3" TAGCCACACCAGCCACCACTITTCTG (SEQ ID inl5
NO:24) mM
MgCl,
FIki1 5' ATGCACGGCATCTGGGAATC (SEQ ID NO:25) 35 cycles | 537
(NM_002253) | 3' GCTACTGTCCTGCAAGTTGCTGTC (SEQ ID NO:26) at6s °C
inl.3
mM
ACI133 2' CAGTCTGACCAGCGTGAAAA (SEQ ID NO:27) 35 cycles | 200
(NM_006017) | 3' GGCCATCCAAATCTGTCCTA. {SEQ ID NO:28) at 65 °C
in 1.5
mM
MgClg
Nanog 5' ACTAACATGAGTGTGGATCC (SEQ ID NQ:29) 35cycles § 800
(ING_004095) | 3 TCATCTTCACACGTCTTCAG (SEQ ID NC:30) atol °C
inls
mM
MgCIZ

Table 1: RT-PCR primers aud PCR conditions are provided along with the GenBank
Accession numbers of the amplified transcripts.
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fibronectin as substrate for the feeder-free culture system, the cells differentiated at

30  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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suppl enentixdmples wfehtdrersot®s frogi skaminedoellnge ludtiasm indFigmierder @yerall,

hESCs forned EBs.simlar, to thgose created by ES cells . 15 grown on .
NEFs. W t fhe FRROLE dEmonsute Ry eol Arbios el 3RS dnthe iigngotin
repr egent dhicderetder i &URE sPIIRR KABHIEMBRIEM Wity HeSILORILG chitB&a niddimg,
fromthe hESCs cultured on the |IL6RIL6 chinmera expressed typical
simifarly to ESCs grown with MEFs.
RESCs cultured on fibronectin feeder free culture systems supplemented

with the ILG6RIL6 chimera medium express typical hRESC markers of



30 (Figure 4j) (typical of the enbryonic nmesoderm, and ACl33 (Figure
4k) and neurofilanment (NFH Figure 41) (typical of the enbryonic
ectodern). 48 Al together, these results denonstrate the
identification of a defined nedi um based on the IL6RI L6 chinera which
is suitable for maintaining hESCs in pl uri potent and
undi fferentiated state on a feeder-free culture system such as the
fibronect izﬁdzpemﬂiam&dgﬁ - Berealsush@makbRalyisilof phichald GiiFslehifated ES
Human ESCs, |'ike nmouse ES cells, are traditionally cultured with
MEFs, whi edlspigpre gyaviedharing onypmatluopaesnd gtpising as t deserikady glpewhere
present i ) V. e t4, d fl } .
Iayer-fre@fﬁg)grist(8 [ﬁreégg’y@tgg’m as?elg@ %ﬁ Pﬁgégéﬂ’l’éﬂg‘gdg‘z&}}%ﬁr%p g@@%ﬁc{eg—nf%ee
bFGF, | L6&ihfe ghdtemrfar afdhabssgad whthohediast suppisnemteHOwitht I00xag/ml or 300

ut e. ns. of the IL6RIL6 chinmera were

bsti | t ti
ts gsts e'dSt f ob2/ml of rtheaﬁieq\ﬁ[tg @@9%%%%?@%#9 Sestropely positiye i¢ spdaneirmarkers
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of Cthe 11 CRTE6OR MRS ORAHRNC)! SSHAS HRBLETRY! £ MRAN-SORGRAGE
t r ansf er r gbWiES@\ innathercpmnatn B cdlls, prming enthtSSEAR vas metkiand mggative
nornal 15 hlggﬁ fe(%t ur e? thrgughout t he prol onged culture. Cells
cul tured 198 M9E SHBWY: mmi nt ai ned al | characteristics of ES

cell's. After pypbQRERILEUkANGE 1RldilR it Caplfbld BP SHsRPting PRirffkdn® HESCs
remai ned undi fferentiated, as denonstrated by thé col ony and si ngrlhg
[ Thef

cel | Hr pivlesiient dydthey in hetrex diffesentishiont irdar oubryoidabkdies BRs) ca
undi f ferent | at i . T et 199 199 20.,1998:
Roubi not f deetgprerBll btk St A8k Ctrofbaged (e’ 17 Beoged 14yer Hree

condi t i onsondkiidrSCeaexpibRadinSp@el by acheabkeitionf 6f BB When cultured in
undi fferenti ated stage such as Cct, 4, Sox 2, Rexl_ and FGF4, as
deronst r aBSREIHP. GHAA PRFBSF RGN supplenpaniad Wi ooty ngfml s 890

(for Cct4 : y i I t
Fepr esent 3 Ty QLERT thisfE FETC Ry EhY BEn ot Bt FRRITY Bl ed8
remai ifed gtoasl eni MEHse pWithims dakse olilds,t stems c¢ld Wdeifer2@igiat smgeselhttypdse

tested conditi otnﬁ%. ﬁ}lﬁngm_of the exam nﬁd 40 cell s exhibited

| car yot yp&PEBROPIET ' @81 TOIYRHE BRIl uri pot ency was exani ned
in vitro. Cell EBgUbkME® fronb thNBERES Calrubly 8% thé TECRING bEFnebY Shptsdar
nore than 10 Passages, ornmed EBs simlar to those 30 created when

grown on pice! diffeseediption mavarsrofatll embryonioap!l lixpegesr G djher defline the

d t t i I y- d=h) L f t] j :
Semonst” s gl ik b4 LR REAREPHESCLL AR LR A ot
| ayer2) #&8der freec Thltse $@&u tis tHemaaehtabe af hrtivhESCsta@iy Be [L6RIL6

mai nt ai ned .as unﬁ,}é&g entiated cells |n defined feeder- and
serumfre Heli £ SiSncYagd PFRENS) RIS BHIGEY SPGfIfipeto  both

exhi bi ti nglffg @ {8@ \ ; : £ R P
is still not F%?ﬂ éaaltr . ta}‘l%%fg%&tfﬁ?@@&ss(ﬁrmermom% lﬁ‘%d i BeBE 1,
hereinabove). As is shown in Figures 4a-l, while undifferentiated cells cultured on

the fibronectin feeder free culture system using medium supplemented with the

25 IL6RIL6 chimera expressed undifferentiated genetic markers such as Oct 4 (Figure
4a), Nanog (data not shown), Sox2 (Figure 4b), Rex! (Figure 4c), Cx43 (Figure 4d)
and FGF4 (Figure 4e) [Bhattacharya 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), B-globulin (Figure 4h) and Flk1

30  (Figure 4j) (typical of the embryonic mesoderm), and AC133 (Figure 4k) and
neurofilament (NFH; Figure 41) (typical of the embryonic ectoderm).



5 ES Cs the role of LWand other nenbers of the IL-6 fam |y, acting
t hrough gp130 and the JAK/ STAT3 pat hway, in maintaining ESCs

undi fferentiated prolonged culture is well known [Smth et al, 1988;
WIllianms et al, 1988; Rose et al, 1994; Conover et al, 1993; N wa et
al, 1998]. Furthernore, to date the opty nethod for deriving new
nmouse ESC lines in feeder layer-free conditions is based on the

addi tion of fasliogathdi) tetemedulte dbmﬂﬁstfawﬁﬁeyld[aﬁﬂiftdaﬁbﬁ ofta @dfined Wfium
The | L6RI 6 h| e nstrat as the nost potent factor in
supportin 6,604 ééagﬁﬁigﬁrc nre v ha’tsl Sitagle %mwwng HESCs m a
(N' C!‘IO! S ﬁ!)tentlg% )I.l.llu Lcrca f'% ﬁ&fdddrﬁé t@b(% gﬂite &5 %esl,% aS the
significant effect of IL-6 famly, inc ng a on pro of
portions ﬁbrontctﬁllmﬂeﬂfdaéelliieeﬁ;ysfemeptor on the self msu ntenance of
undiff§rentiat§ |ESC?A .Daheron et al, 2004; Hunphrey et 15 al,
2004; Sato et ArY55EARE DisgisSieBecific conditions for hESC cul tures
descri bed her efiaiin ERCAI HoMiibusd1BS! bR bfe GUAMBRARAIGLA QG WEER
supporting the proliferati on of hESC wi th m ni nal fferentiation.
One di f f eVbisbangeerpeseriberste apfmali pathogsos.i dn shissttudyt, sha pregenteinvéntors

(and not S not.her eci se schedul e

hESC pass%%?n%d@%%h@a (rﬁgiglg‘gr c%dll}lg 3585 PEI]WF@ &f 38 'ﬂfgtsé'StFWebaseé on
under | yi nihe 26e bR sdiani isplacehierat!, PGRY ILERIE 6t dabRbrk Ging R FitAénhE as a
| evel , of SI%,I’I&N transduction, its tinme course and intensity at which

di f f ient MBERHRRSIEYEI Al O STAT, PI3 kinase, MAPK, see Hi rano et al,

1997 t I i
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the ser unmeipplimdEiBelist in( BR\ndisfectntiated eatqr élﬂernhoaﬁsxﬁﬁahléyme&uﬁpw diested
such, it con a| n Al.b i d-enr hed pbovi ne seru
al buni n afgpe eé]fwlé?&?’%g/ H@?’fgﬁﬁlﬁﬁﬂf% @gme%@g pY Wi fHinggal bF

condi ti om@lﬁcﬁﬁﬁb BreaimRtiahesd ek I%@mﬂ{u%a %@ brogltféf%é Wik é&&ﬁﬁ%’hﬁnﬁa@r
cul turl n hESCs and may be advant ageous f ertaki ng resea
t he %Grieaaﬂe@@%bpﬁtthﬁpml@md@éﬁurespecu ally of the possible

rol es Of the L& SSJIﬁE{l?’ecgerm@@é/ col Ocﬁtlgnaslr}'&gﬁ 1I %ts%g ch%racétﬁugécst eBS cells.

fibronectin receptors er st ud

research mﬁeldpxbfoajgedlbulaﬁremf upab DYy spRs the chldesBnedWddiffbenahdd, as
fromthe avail wel | -defjned and reproducible culture
ate MyythELﬂ

system onsty e sipgl Gell mornheldgyr asd dy therewpression of
t ds f
el opent ot e e eI o s [P Fode
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| SOFORMS SERU CEMENT, AND ALBUM N Nat | d
Exper i nen@%?@ﬁ%ﬁ‘?éfﬁ%%@sﬁ ‘E’dl}% %WE&SQ%% §gIr{I ? oxt
(hF. SO |andSGH4, @s dddhoAdthtckt By (ko ffotdse 8% FF t@i)oind I@f) QR %Eaﬁfses

cultured with inactivated nouse enbryonic fi br ob asts

40- 60 padiugedd, Sox2, Readiand FEEE).cul t ure nedi um conS| stl ng of 85 %
DVEM F12 ( Bi ol I ries.. Bi et Haenek I enent ed
wih 15 % ser datyaSbe ABANSH el Syln rREetins el SymblRemonsiatd
13- méScaphaethbaESCs’ 1kdftyogpe réMmakes efibialin 8k MRofkbd htins 306423
ng/ m basic fi brggqlast grow h factor ngGF) (all” G bco Invitrogen

Cor por at iP8F28F0 iR estedcapditipay)a onse! thespmined 40 cpls exhibitehkarpbliype t y
of varioys,Gldiee media to support the growth of hESC in an

undi fferentiated yet pluripotent state the hESCs were transferred to

several cul t urkhessedisepBripotency was examined in vitro. Cells cultured in the feeder
layer-free culture system for more than 10 passages, formed EBs similar to those

30 created when grown on MEFs [ltskovitz-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.



20(i) Fibronectin feeder-free culture system- 50 lig per 10 cnR
fibronectin- covered plates (human plasma fibronectin, Chem con

I nternational, Temecula CA USA); (ii) Matrigermfeeder-free
culture system - Matrigel TM (BD Bi osci ences, Bedfrod, MA, USA);
25(iii) MEFs - nouse enbryonic fibroblgst feeder |ayer system (iv)
Foreskins fibroblasts - foreskin fibroblasts feeder |ayer system
Tested nzedi a ThIJbGreEtﬂ%t @G REPUCHES OASAM 1O Maintained (als )un@ifféifaﬂiaw@
Mab ADCB nedi um\} one, Utah, USA) supplenmented wt

L- gl ut am pels(inmle m%@e&armqawamfm qondidious whichriaeldde ‘éﬂedhﬂRﬂ‘bﬁ chiiBAja,

30 0.12 n &D Systens M nneapolis M\, USA), and 10
ng/ m bFG%'hfrﬂFﬁﬁ#t ﬁs&g@s Gtion products, Grand Island NY, USA).

51 00 1) Zm%éﬂﬁhmsm AREh RESICY BrlfhHEhaineis sdiiafbt dUSA) In mouse
suppl emrented with i mM L-gl utam ne (Invi tr%gen Cor por ati on products,

G and 1 sl Bagsihe rOiLm@HFzmﬁg)’fhﬁr 111@5}1’5880%% I familyl agingrthiongl gpl ¥hand

Copo ot SRR AR A NS b B

supp! ementell ot [$1ihoD atjl]]988; ﬂﬁllmfnstelnai 11988, R ewiex al, t1bed;| Isnoperst A,
is a X1000. st ock sol ti obt ai ned from D Bi osci enc Bedf ord, MA,
USA and cg?n@%‘ Waopt glo. §8 ﬁqrm@re s, Wr?%lﬁsffl@tﬁia‘il for Aerivips mepy
Sel eni us afy r Y,

M nneapol I s %JNESéS%%%ﬁL@%%%?ﬂﬂ 1( ee%oﬂ&ﬁﬂoq%-f %Dsgiigéls@g]ra?lﬁ@og cﬁtﬁ s
(Si gnt} Sfietmtheilhy6 ﬁmﬂvalﬂid)zholandalalgﬂﬁodﬂledi[bﬁilﬁ) phigferawai demomstratadr e
(Sigma Cat

speci fi ed% @8%’[5%%%5@8# erlo%hsng &Ea?ﬁ\égﬁfeﬁ %E)xrségﬁ (ﬁt Rk %EE
G and | sl @ng (NNchdiSdal, 1994). Previdhs sthdied 881 ﬁfﬁ@bﬁkﬁhstra@@a %Mn%‘f%ct of

(Biological Industries, Beth Haemek, 15 Israel) sup& errente with

1: 1000 di thstiloh fasnily,Hacipdige g fasion r{rggnspfdwl@wc@fslb and gredlL-fmecepion) |

2 mM L-qgl

Con Sy b A fnpnglle kAR AL TR REETR MEDBAR R o
Ger maES/) ahég@éﬂ,fﬂlﬂb eli :iluﬂ(i(blﬂ dhgagétlllﬁc domm‘?wsﬁﬁf hBS@mltgaﬁ (dgf@;beﬂﬁé&ﬁ
St ei nhei r Ilution_o | roni uroni c
F- 68 sol Tmaaﬁxgg%%f &F&ﬁﬁé@‘}&@}?&ra Cpepierdvenn mﬂﬁfw tg% Rlisgration ¢fs
10 % theyEs68with xﬁﬂi{ﬁxbﬁr &ffe'fmﬁ{a% dE@ln@tdlﬁe&Q&csah aht QRRe CHf ﬁbdéngétm

(Sigma, Steinheim Gernany) (a but those ot herW| e specif wer e
obt ai ned prtshe@E %wnﬂmm (and)geirmomedematmbam@mdmtbsmgcﬁwmtciss |selrecduldy,
USA) . %.DIVEM F12 EI ol.oqgi,cal .1 ndu trl es

Bi et 25 Hg%,%éE}QC |pana§‘3g S% Fre‘r‘??eé'ac%‘? He9Eh ?aetﬁlgi‘ée

(SR), 2@ nidehglisthaot ftion O khe M ERINET cpERSH MR Rivel If S Rra8SERAA, agts
am no acid stock, 4 ng/m basic fibroblast growh factor (bFGF) and

100 ng/ m tmesreures @nd %E&S%EQWIDCM@EI‘CH’& pribyveaysi FAKTS DAL PPET Tieasel
M the Vejzipp ng Iqﬁmog@gp 7(%3%@5&?) ?ed( all but those otherw se
n

speci fi ed were’ obtal ne Vi'trogen Corporation products,

30 Grand | sl anfiuldYe cliS8gl. usts of HESUs will rddudre sarepradvcible, ewsibdifnetegnd
used with the_rempval of the q\g%h factors éiﬁxcept for bFG-_which
omai ned KRROCRES CUMIP TSt rkioughdh % BB gPlagementdRRY gsedhinybe present

25  study is considered such, it contains “Albumax”™ which is a lipid-enriched bovine

serum albumin and, therefore, is not animal-free. The well-defined conditioned 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 LIF/STAT3 pathway and various integrins as
30  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.



59 (vi) "1L6-1L-6 receptor (IL6RIL6) chinera” - 85 % Ko-D' M
suppl enented with 15 % serum repl acenent (SR), 2 mML-glutamne, 0.1
nmvl 13- nercaptoethanol, 1 % non-essential amno acid stock, 4 ng/nmn
bFGF and 50 ng/m, 100 jig/m, 200 ng/m or 300 ng/m of |IL6RIL6
chinmera (Chebath J, et al., 1997 and 5 WD 99/ 02552 to Revel M, et
al. SEQID NG 31) (all G bco Invitrogen Corporation products, G and
I sl and NY, USAThis\Webnreusestemniis la iodemsiendilonrard tewpnds iy defined calture

this medi um.i,s alsso | ed .CMLOO i di - %
DVEM P12 SBRR8ahE S o gt e deydudon G Ao -AEE e 5ylin
with a 1:4p@8sdkl ution of the ITS premi x (BD 10 Bi osci ences, Bedford,
MA, USA), 2 inML-glutatnine, 4 ng/m bFG-, 500 ng/m ascorbic acid
(Sigma, Steinheim Germany), a 1:1000 dilution of a lipid m xture

(Sigme.-Cat. No. L5146, Steinheim P%EWEE; and 100 ng/m of 1L6RIL6
chi rren?sa. Cell s were passaged every 2our to six days using 1.5

ng{< ml t)épe I \CUDTUmml I MDY EWBIOR f Q@NITGSTENE CELA Wi THpd NEEDOE)L

Lakewood, NJ, USA). Cells were 15 gzen i i qui itroge ing a

reosing sol SONAABINCAPHIETA T80bPRRks ek i oSk S REPIEL,

40 % human serum (Hyd one,Ryp%L))C NTARDOSr BeiiysM F12 (Bi ol ogi cal
I'srael). I

I ndustries, Beit Haenek, rivation of new hESC |ines
Bl ast ocyst- cul Mwatilonnd Expegimentabdfetialsnat ed by coupl es under goi ng

pre- i mpl an | 0 enetic diagnosis, (P R, Vvitro .
ferti f‘?zati on %%"q‘é ecﬁ‘ﬁ’éﬁ“} er%ﬂ@f”&]ﬁlﬂ %L@Sq‘ll@fm%'g’ 5 %1’%63 [Amit
i nfornmed goRg@RLzIEMJIFE2000) Svea RINAEd Withehy@ivhateti RBost adibky@n@libioVasts
procedure after ovarian stinmulation wth gonadotropins and oocyte

retrieval (MEFgofos 400 passagasuinedl “basia hBSE| cadinpscipsdingy’ sepusisting P8i®ag”%t o
| VF | ab : Lo i - s ali zed Chl

e o or NEUFE DRIk N Bhafics, Wi afhdc, 15609 SBAEkBLA WS
(Cornel |') gerum replaBghéntaBRYM aiMIESGtdohines0.1 vt Brmetogrsétharwl,of % hen-

zona pellucida by Tyrode's acidic solution gSi, ma, St_Louis M) USAi)
or it55 nmeessamial Amipa meidastocls rradek pesRlgbaIRE t grapigh dagpr (iRl

whol e on %\}\%ozlﬁ%\}\%gyé ﬁﬂﬂ@ﬁ .nVﬁBgﬁ{:t% %ﬁfs&nﬁw g)st s feeder |ayer

(line F21 ured i'n an ree medi umsince its 30
derivation unt b testend abifor of vericie cuitatei mediand suppotti the gpastbaddESC in

cells were grown in the D2 or HAL6 cult medi um The cells were
ot al Ty Sp et nahpudeplababyns BESCT et RRuled 16 syrertlFufture
| nnnunohi gi@ghei nisby - Undifferentiated |1iESCs grown in the tested
culture systemwere fixed with 4 % paraf or mal dehyde and exgosed to

the p2O@mary anti) doliescin fedler-gheer cultyne spttertt -C50 Pigapre- Kpewi fiibgonectin-
enbryonic antigen (SSEA) 1,. 3 a 4 (Hybrjdoma Bank, .o USA
Sty b sathed Blbiss Augn bl DRt ReEoB It asn g Tgmectla CA,

I nternati m&%\ Temecul a CA, USA) and Cct 4 (Santa Cruz Bi ot echnol ogy,

Santa Cruz, ~USA) were used as primary antibodi es.. Cys 3 = .
conj ugat ed ant Ko datsigelh ofeedaafreacalture: instest ~ Wetriasll a (813, Bigsripneesr e

used as s dary ,apnii.hodi es (1:200); KaryoON analysis - Karyotype
anal ysi s %@ﬁgﬁﬁﬁgMS performed on at

25 (iii) MEFs — mouse embryonic fibroblast feeder layer system;

(iv) Foreskins fibroblasts — foreskin fibroblasts feeder layer system.
Tested media ~ The tested medium were based on:
(i) DI medium - Mab ADCB medium (HyClone, Utah, USA) supplemented
with 2 mM L-glutamine (Invitrogen Corporation products, Grand Island NY, USA),
30 0.12 ng/ml TGFP; (from R&D Systems Minneapolis MN, USA), and 10 ng/ml bFGF
{(Invitrogen Corporation products, Grand Island NY, USA).



10 least 20 cells fromeach sanple, two sanples per test, as
previously described [Amt et al, 2003]. Karyotypes were anal yzed and
reported according to the "International System for Human Cytogenetic
Nonencl ature” (1 SCN). ES formation - For the formation of EBs,
one to three confluent wells were usgd in a six-well plate (30 cnR).
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hESCs features along with high proliferation rate - Wen cultured in
the feeder layer-free systens in the presence of the DI nedium which
is supplenmented with 30 TOF[ 31, the hESCs maintai ned all hESCs
features including high proliferation rates. Wen cultured on the
tested feeder layers in the presencespf the D1 medium the hESCs
denonstrated a rel atively high background differentiation rate of 20
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| ayer - f r ggiofaStRRol 5 4BESRILERAGerdfany handl00arg/mhef ILRIb@ diimerar e

devoi d of dutofeeder - Interestingly, when the hESCs re cultur in
either the DI GallsDweree@pisagesh SVeiy fIBAEr SPaylays fisHE é\se'l:tl n?htzp%iﬁi S

did not dciﬁpgggeg%g]@vg@g@ag s BRI SSkoifioh, 1%ERLONINES L. dictls ek N
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mai nt ai ni ng hESCs wi t h nor malaﬁpopu ation %&ubl i nr;Lgla Si [n | ar et o%pge%lés
grown on e, 86V, whe utigifdeifoRms ERNSGR! KPAMSe i SIS Wgery ey
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25  and blastocyst development (Cornell).

Derivation of hESC lines - After digestion of the zona pellucida by Tyrode’s
acidic solution (Sigma, St Louis MO, USA) or its mechanical removal, the exposed
blastocysts were placed in whole on a mitotically inactivated foreskin fibroblasts
feeder layer (line F21 which was cultured in an animal free medium since its

30  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.



cn2, with the sanme viability rate of over 95 % Using 40 % hunan
serum and 10 % DVSO, cells were successfully frozen and thawed.
KaryoOQ pe anal ysis reveal ed normal karyoQipe of |tESC5 grown with the
D, 1)2, 01100 or HA16 nedia - 15 passages and nore after
transferring the cells into 5 the testsed environnents, karyotype

anal ysis was perforned by G ensa banding on two separate cultures,
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the D1, 1¥z2nt@Crindtfs e[?lS’AﬁﬁfﬁretdéQdi 68brifBhy ardBYaREE Cys %Bﬁjﬁgéted amD6aY '
surface markers t pi cal rimate undifferentiated ES l's were

exam ned {fshamgjce tlmﬁlse goetuls tCGANURS) (Wero msed aetseaindaﬂwamboﬂi&@&
1998). E@%%Itured with the D1, D2 or HAI 6 nmedium for nore than.
20 passages ile using the tested culture conditions, were found to

be strongly pofitjotet it atRry@yle bsalJRAE-180dink) Gk SHebRimed
(Figu deﬁ?f izlﬁfjre 60) and Oc%F 4((dat aﬁ}%?)t s%)own) ¢ %ﬁéﬁ

ot her fopr ?ﬁ*ﬁ#e’-“é@“é drqny ea@t e §wei eppsmes t%ﬁsf,tsmomdd@@nh@bb&mﬁe
HiLe modi Gre o o Bl e ot e ralyPan Rt Rkl SCeolibg S B Thepgtiondt
devel oprreﬁymmlfmﬂémmm{lytn}fgeméimMcﬂhémlaiﬁﬁeé(lsp}r@l onged culture in the
embr yoi d bodi oEBUAEIoN: Taf HoKERHgh oL BBsoeReintit Sabssaeliere
those cr eated %él?ﬁ%%%s%é?%&%?e%%%%%&;@m R e A P

st em el | mglnk type Nt ¢llagehasetfurtbed brokgmpaso sepiledenpatsivg 1600 th&ilsbhee

enmbryoni c erm ayers, as .,descr. bed for. EBs f rred from hESCs cultured
on o%/her %lgﬁturéPSygT%n%ulg‘ﬁ(gléBviSP?eEﬂ%r“ét | T 0. I&@ggsf

from the hESGahauskh, Lm@ﬁlaaﬂ) t BBs Were LiAviPln EkGmBdbA meafu%n é&sfsﬁpg%'fe

of differ ent| at| n nto the ectodernz, endoderm and nesoderm ce
| i neages © I%Kﬁiﬂf Biolagicaldndestres. Beit Hremekelrdeh), supplanestasidwith 20

medi uny f%eﬁggd EXBIGhe2 M lan, USA), and 1 mM L-glutamine (Invitrogen Corporation,
20 Grand Island NY, USA).

RT PCR - Total RNA was isolated from hESCs grown for over 10 passages in

feeder-free conditions, or from 10 day-old EBs (created from cells grown in the tested
culture system for more then 10 passages) using Tri-Reagent (Sigma, St. Louis MO,
USA), according to the manufacturer’s instructions. c¢DNA was synthesized from 1
25  pgtotal RNA using MMLYV reverse transcriptase RNase H minus (Promega, Madison
WI, USA). PCR reaction included denaturation for 5 minutes at 94 °C followed by
repeated cycles of 94 °C for 30 seconds, annealing 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
30 were size-fractionated using 2 % agarose gel electrophoresis. DNA markers were used

to confirm the size of the resultant fragments.



matrices, expressed undifferentiated genetic markers such as COct 4,
Nanog, Sox2, Rexl, Cx43 and FGF4 (not shown) [Bhattacharya et al,
2004], cells harvested from 10 57 day-old EBs expressed genes such
as al bum n and gl ucagon (endodern), cc-cardiac actin, f -globulin and
FI kI (nesodern), and AC133 and neurofid,ament (ectodern) as
denonstrated by RT-PCR analysis (data not shown). hESCs cultured with
the D1, D2 or NkAdomuefbrmntion 8 Hirueiaf@be rmatioh, esdie tuftuly ihahe belast
formation in vivo - The cells pludpotency was al so tested in vivo bfy
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fat 100 ( meReGHe R, IEEHG T BIPORTErEr e 4961 R For LRSI Cramined
epi thel i ulggi6siester.m ., and kidney like structure (endoderm and

mesodeurm), and epi'thelium of endoderm origin (data not shown).
Ter at omas f or ndtiperiment@d Nessltsn0 % and the number of injected cells

radi ¢ onal - et Qd8 AR G TR obfhmind oqnibiiiticnir SA hokBTo 21 P2
denmonst r atagd AML00 iS&Hpea sl fiibiteedd®shd proRyiekd daledte GHIHBSCR ih Mifféent

tested culture systens denonstrated all hESCs features including; .
pl uri pBt esEljure qondiions eas esiarBned.  yhe bage anedign, Bl apbéi is & cgapescialnd

ol 1 o pomioin Pl B vt St AR AR bRt e
MEDI A DEV@hipefifioSERUY| m SRS R AGE MENTal AMPUALRUBANG T SHRRORTHALG
X ENO FRERTSUETe B oaIeBRe BRIPESB rent &l Net hods. - as i n

Exanpl e 2, her gijpaboyess foReshiRob SPGES, ARer TR

are suitable for1 %Efrai vation ofFHﬁES%T?Fﬁ’e OI;]‘B% or es%?é%?? %ﬂ%ﬁ@& S

f eedel 5| aypeddferentiatedanjihef wax exaihedelsydlye twe nitheressdéransed to estimate
the ability of hESCs to grow in several culture systems, namely percentage of

el D

differentiation and rate of growth. The culture system used were: (1) feeder layer-free
culture system based on fibronectin or Matrigel™ which are the most used matrices;
(2) MEF, and (3) foreskin fibroblast. Based on these two parameters, the media

20  supplemented with TGFBs, D2, HA16 and HA19, were found to be the most suitable
to support undifferentiated hESC proliferation in all tested culiure methods. Culture
medium supplemented with 10 ng/ml bFGF only, failed to support hESC prolonged
culfure, in all the tested culture conditions. Although 60 % of the hESCs remained at
the undifferentiated stage in these conditions for a few passages, the proliferation rate

25  was low and with each passage the number of surviving hESCs decreased and the
percentage of background differentiation was increased.

DI 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

30 TGFpy, 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



30 conbi nati ons of the present invention were also tested for the
ability to support hESC line derivation. Wile using the HAl 6 or D2
medi um on foreskin fibroblasts as a supportive |ayer, new hESC | i nes
wer e successfully derived and nmaintained for at 58 | east 2 passages
(in the presence of the D2 nedium or 5at |east 18 passages (in the

presence of the, HAI,L 6 medium . The hESC |ine derived on foreskin in
the pres eﬁ%’é 135& ?’ﬁ‘@omgﬁ’éw% g% fermeaka de gﬁ'ﬁ@@ rﬁ‘)‘g@ﬁdaﬁtébe §yaenfeedpy layers
mor phol ogyysadmPaaa AP YIA @ HAR glbff e is still ongoing), nornal

XY karyotype and pluripotency as evidenced by the 5 formation of EBs
(Fi gures .3a-b &d Riapad ddd 16 hwdiv) in Jévderytayet-freande sapads vfimbiasainiage

im | t bt aj.ped. whi | e, usSi traditi I | t hods.
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lif | t es. Lod] cat typical. hES I . <EXAMPLE 4 ..
TaE 11 - ORI NG BB PPyl Rt Elsiplie siatiy BSRL ARBUENT ARgyucine
ALBUM N | SndiffleieARbtE piaifEnsRANDhNE SRl BRI Ak NG TERESotyde analysis,
SUSPENSI ON Jo exam ne the_possibility of using the
TGF13- conb% sﬁ*f’ﬁ’&) ﬁ%‘g PE-‘IH’Q’@B% E'Ee ?@Wm@@ﬁﬁﬁeﬂ%}%ﬁé iterafepngriathei n
carrify (RN HOWhRXRERHIiRB1ARE diFRd Bl ‘BP@&ePEc&gﬁh{%ﬁﬁ&agESCs are

undifferentiated state, hESCs were culture n suspensi
fol | ows. cWhmedin dhe tradidioExperliune sysdm NMaséttbda MEFs asHRESeqled 1ok tande

dia - ESC,cult d, the tested nedia: di di HAL6
Tod om  HATSH e el B B e ng Tk BEOE SARHT $t A0 -o1
serum r epEagapRatcr @ﬂ@féraﬁia@dﬂ@&&niemhmlﬁ&m POMHRIRITL 8§ YRdium in
a e

repl acenment, were as described in Exanp 2, hereinabove. 25Culture

i n suspentseeer-layerdieexennditions red pobshb D2 aryHa16 usidhyn with Hiekstd foeder
cont aj ;i nﬁP,ggg%éfJ étg&]fﬂtﬁg&%}’(?é% of serum serumrepl acenent and
a ure of "hE

al bumn fof sca e cu SCs i n suspension, hESCs were

cultured in suBBFSGSicaliuien oudeoder iserifredisphiess i:ﬂl@iéﬁ@%ﬁc&%%w%m@n,
. e medl um

Germany) in a cell depsity of 1.5 x 106 to 6 x 10
was suppl ‘P Eréﬁf“@ﬁ" NFEteloid afiaptafeqder gdaterestingly oghen therhESEl wsacufteed
t he suspepdghes Uht UHE or THE nfe@hdnd oWefi€ RaRS G i QSrséin? ﬂ%axalsuéih%t

ei t her

differentiate at the periphery of the colonies and did not form an outgrowth of feeder-

20 like cells (also called “autofeeder”) (Figure 5d), as described in other reports on
feeder layer-free culture methods for hESCs (Xu et al, 2001). No morphological
differences could be observed between colonies grown in the feeder layer-free culture
system and those grown with feeder layers (Figures 5a-d). Correspondingly,
morphological features remained unchanged on a single-cell level, rendering cells

25 small and round, and exhibiting high nucleus-to-cytoplasm ratio, with a notable
presence of one to three nucleoli and typical spacing between the cells (Figures 5a-d).

The D1, D2 or HAIG media are capable of maintaining hESCs with normal

population doubling - Similar to cells grown on MEFs, cells cultured with D2 or
HA16 medium in all tested culture methods, and the D1 medium in the feeder layer-

30 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



30-60 m nute incubation with 1.5 ng/m type 1V Col | agenase

(Wort hi ngt on bi ochem cal corporation, Lakewood, NJ, USA) or 25

m nutes incubation with 1.5 59 ng/nil type IV Coll agenase foll owed
by five mnutes incubation with 1 ng/m D spase (Invitrogen

Cor por ati on products, Grand Island NY36USA), and further broken into
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suppl emenped cm 3 rye rowm h, factors as described

her ei nabove) C%lﬁdea JD%?QE?%E'\? T4l mprg, Iy stierngctheesile dato
Der i val i offteobsteentir @@, lesydtypermBUsRenas ProihddUbe bt bRR5H S
10 contai &on%pnegl uq%l%levm d of ser ur? serum repl acenent and a n
Bl ast ocyst ' cUPtiayatt ones: eReshidae therfaugeadivadcanditrasD b.sDANARIG0 iang
POD or i nHwiikra therdifble i ( r I i cal I . NY,
who signed infor r}ed coné%%?m%}grﬁrr@m%e%o%p ezs‘)'vg‘%ewwﬁﬁsgﬁﬁg&m each
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and oocyt i Zygot cultured to the 15 bl astocyst

st age a_ccsglrs %%6@?*{§¥?@58$§E§§§?§t _C]H’PEI heed Heand 48 defor ol linsitig
Gevel opment. ( Cornal ] Deatny tehs BLASSest M 0E BASS Kibeins
suspensi oﬁiiatﬂéj (% the destedregndiiansgsittilarly donBS&ls géwh e th7 IOFEF s et oUed dikonal

usi ng TyrQego& .igietcalsﬁdéﬁi on (Sigma, St Louis MO, USA), the 20
trophobl ast |ayer 1s specifically renoved either by inmunosurgery or

mechani cal | y UeES@G 2uljuredediihstie TDe, ©005 984l Nbsost Wi DET cElJt" :{}4}%89
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CMLOOF, Sr SHrigce pagkeysstypical of arimgte unidifferentiasedaES cells were

mechddi cakhivnirepgl 4 ETWTe) . nal ysj S, snel wa
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al R
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USA) . PCRiarkas TRaRS-60NTlgite 62 SRRIUN @ld OfRA - 94
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her eiza}labgg@tﬁrg%@g@gpg%&%sg for 30 seconds. PCR priners and
reaction conditions us are described in Table 1,

LESCs cultured with the D1, D2 or HAI6 medium are pluripofent as tested
by EBs formation in vitro - The developmental potential of the cells after prolonged
culture in the tested culture methods was examined in vifro by the formation of
enibryoid bodies (EBs). After more than 15, 20 and 30 passages in medium Di1, D2

25 and HAIS, respectively hESCs formed EBs similar to those created by hESCs grown
on MEFs (not shown), Within these EBs, stem cells differentiated into cell types
representative of the 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 HAI6 medium are
30 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, 20041, cells harvested from 10



her ei nbel ow. PCR products were size-fractionated using 2 % agarose
gel 60 el ectrophoresis. DNA markers were used to confirmthe size of
the resultant fragnents. EB formation fromhESCs cultured in
suspension - For the formation of EBs, one to three 58 mm petri
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suspension cultures were transferred to new 58 mm petri di shes
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FBSd ( Hy CRSHe B-alptifin angafik! {mgsoderaw), lang A% H3 and remfilemene(actoderm) as

Cor porati J%QE 1 Alternatively, prior to their

transfer ?o? e @%ﬁ#ﬁg?ﬁ#@#ﬁ@ﬁmﬁéﬁfﬁﬁm’bhe ESCs were subject to

10 treat ment WHENCE caliiifdd swiipdid N1,CDL o GEORS Bredinth by lb%o&fz@lﬁefksi.egt 0
G |l son pipette tips. 10 day-old EBs were

smal | gl UESPS using 1000 ill G )
har vest ed” B 4aas feuraiiarn i Biva -nlaa eallsgpludpotescarvamalsitested in vivo by

| mmunohi s ﬁhfﬁﬁ an | ysi.S,..& T f tiQgn -

wer e per f{ggﬁn(g[gggas eg(()#'i %@%ﬁ@%ﬁpf}%bg?r %Paesgéégg%e %@p@ﬁi ?ﬁeﬁ%al
Resul ts mediuni e heNbGEFpulhutd tfisterid forRd andiohikd F1ovWRE] Bedf Bjdetibh altbe
for cul tug' ESCs.in ensi on - hES re cultured in suspension
using the ?ﬂ%f{}l%i’e%‘é%p%ﬁg@ 2S¢ SIS . i@%?@?%@d dmiremmesgntative
devoi d of tig@edIof ths WB iR ASEIBRR 12384 iﬂélﬁ&e['ﬂ%ncaﬂ-[%gg%ﬁfr?gl { @rgnn‘? élggga%t

passage of hFSCs grown in susFenS| ohint este
k]

ver e B paldresgéem)n sirdificd] epiilium, elpein sapésning dpitbelin niectiodenn)] nd
passages i.: nedium.and 1 assages in the CML dium _All
hESCs ex hllhglll%wegk{ﬁé? 8re c[B:dgrt'[%&n eﬁﬂ@ lﬂ‘gya“éjte “E‘B}é‘ém £ud ¢ an
be furt hefdatauhdtuhedn).n TehasBadReination datb@bN @i, HMaSES duBel 08 Injected
Hi stol ogi cal sectjons of the hESCs clunps fornmed in the suspension

cul t ures §OF s Heatical dordhpse demengiwtad hiopdlisanitored vsingrtoaditibrabmetiods
with | argey el uspdoli gures 9a-g). In addition, when the cells were
pl ated back on I\/ig@dob:t hey created colonies with typical hES Cs

nor phidl ogy ( Fi 4liegethedbthede reauits defmomstrateribat HRSCSU21e Betjenedtd proldged
they contj nuedggrégl i f?eréiati (gn as _undi é‘g erentigted cells (data not
shown) . VBT HhESES e SO gemy deraqnspatedi Bh hESCE feaiuras inpluding;
presence glfripdtencyethiBRECHEN WPk SRRttt : |
HACMLOO rredi,%m Ct?ee 30 cells merj[gp%%ganded g‘% &éﬁggﬁgﬂﬁﬁgﬂﬁﬁg
undi f f er eddiindefinitgpseliferasion as undifferentiated pellssages (data not shown) .
61 hESCs cultured in suspension in the presence of the .01, D2,
11419 or CMLOOF nedi a express markers of undifferentiated hESCs -

Cel | 20cul tured in suspension in thxq4mesgnce of the D2 nmediumfor 3
passages as_snall clunps of 200- 1500 cells expressed stemcells

mar kers sudtVAUSHHON QFIHE ARACITHRFITED TGF -GN BABYENG THEDIA 81

i L 1 ho TXRORR OB SRR Rl A AP A SR B A
When cul t ur edDERIFYIPONSOBTESE LINE ON RORESKES #¥18R 0H T A8 FYLOOF or
the HA19 nediumthe cells exEressed high | evels of typical stemcells

markers such as Cct 4 (Fi L%WE&WW@WS@'EMM, Sox2 (Figure
10c) psNanog (Figure 10d) and FGF4 10 (data not shown) as denonstrated
by RT-PCR anal ysi s. ESCs cultured in suspension are capabl e of

form ng EBs - MuerialsermohdExpd ineamtslidefbds Das br Bdfdde DEdidimtng,
transferred tolt,hl_}E?Bs. medi %n {(‘%0 % DVEM F12 suppl emented with 20 % FBSd
and 1 tnM L- gl5iPErmenit Kes@ls cel |'s formed EBs cont ai ni ng

representati vergd $54RS alli DY HELiE e WBIO S5 kNS 0% of hESC line on

Joreskin fibroblast feeder layers in a complete xeno-free system - The medium

30 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



15Rhesus ESCs can be also cultured in the suspension cultures of the
present invention - Simlar results wth Rhesus ESCs (nonkey
enbryonic stemcells, line R366.4, University of Wsconsin, primate
center, Thomson | ab, Mdison, Wsconsin), which are regarded as good
candi date for transgenic nodel to hunas di seases, were obtained when
t he Rhesus ESCs were cultured in suspension in the HA16, D1 and D2 20
TGFO cont Sl hgaseses (Hetheaursenge af henb2 mediam) or at leastTipasstges (wthe
TGFp- cont Lum r epl acenent
and al burreoi? oF RS g HeuR, I RESCHR ocRb PR AR B pRRER e
supporti n@eﬂ-ﬂ&m tﬁmd'mfré meémhi ddrechsttetigietn odllshirSphologh bl Rassme FIISE(laﬁH i,

hESCs char eri s rovi.de nethods for massive culture of

t hese cel ?‘gﬁ'l‘%tls? ﬂéﬁ—’{ofr} 13‘5'551{3(%1(%(%@13 g @bﬁ&@&emx\ﬁar@y@ﬁgceddw the

Di scussi of, , a

ol NepoRt of BB SRARNE Sl afiP bl mof Mok ko 08K nf Wdeliines

t he presewers simiattorthboshabtind Wlhlmmtg Mchnlonali oultllrh enctliadst Sircsthe a?sed

defi ned d feeder er-free culture system for  hESCs,

based on g%ﬂ]% @#P%%‘?’ ﬁ‘ir V‘f?éed%‘rw ﬁ%Weﬂ“W RrodpetRethisragy 33

or TGFP1 Mbﬁ%,wea@deﬂ%@ﬁn&érl}foﬁﬁﬁ&& Ix@ndRE | bndisiond! b%mhtou%;/ﬁhe]?ﬂé@
in or

medium 62 is designed for nmssive cultivation of cel

i ndust ri alEYy Laps stilceed jo bp énsted. foppddiend bESCy frasires, theiemprpbskogly and
ot i wi PR el s Ehipieel kSRR e " P T e cul'tur e med om

with the TGF131 isoformin terns of |ess background differentiation.

Al'l 5 nediumtypes of the present |nvent| on support the culture with
f eeders as good as vvlth the regul &XAMPEfF€ont ai ning nedia. Cel |'s

i1 orenti ati on CAPEONIHRINE IR IREY DI G SEAIRASERY R

tradi ti onal REREACEMENNAND AEBUMEY IS SEI THRE BEOREXPANIANGP AR5 used
for si ve suspended c ture of und| fferentiated hESCs. 10Two

i sof orms of TGFP, TGF1 G ESEs BV SESEENSIEN their ability to
t hESCs t I, t
Condi 11 ons. oM %’@ﬁgﬁgﬂﬁﬁ‘ﬁ%gﬁﬁ B TR OOt MR BBl Iie of

sui t abl e sesttiw mewppieplmements mppoptamg dadief f @l‘tﬁiikhh}at R @Xﬂahﬂﬁlg @hd
hESCs whi | e, #m ngé‘ﬁ#b t.he gfed culture p055| bilities.

from t hr S84 Hf4HE g |an rentiad FiRedhESCh T editued nwispensie,
ret ai ni ngpsyeNeRs hESC f eatures throughout the prol onged cul ture.
Medi um suppl enented with TGFI 31 (D1 nmedium on the contrary, was
denmor$t r at ed tMQWW’tdﬂmfm@ﬂdIMEﬁmdd hESC cuI ture only V\:hl | e

using feeder f cuIt e whi | e
usi ng these me%y&r Tths &t er # ‘#H‘ T—ggé Fﬁ’?%\ﬂ’l’?é%?t qlle‘§1H96 medium, D2
char act ermediinns F0f 16ES@siuny mwphﬁﬁﬁﬁgea@ldq{hmﬁ)mineaﬁfn? tARa 49 not

passages, the cells
'contain serum or serum replacement; and the CM100F medium which contains serum

replacement, were as described in Example 2, hereinabove.

25 Culture in suspension - To examine the possibility of using the TGFp-
containing medium which is devoid of serum, serum replacement and albumin for
scalable culture of hESCs in suspension, hESCslwere 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,

30 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



20 remai ned undifferenti ated, as denonstrated by the col ony and
single cell norphol ogy, and by the expression of markers typical of
undi fferentiated primte ESCs [ Thonson et al, 1995, 1996, 1998;

Reubi nof f et al, 2000]. In addition, while cultured in these
conditions, hESCs expressed specificgmarkers for the undifferentiated
stage such as COct 4, Sox 2, Rexl and Nanog, as denonstrated by

RT- PCR. n2gaiariynt [fe Callagepsies falbowedetly diste orinutepriesbaticnt iwith defolg/mi

oo ERRRHE Bkl LA 5o LS Mt 5%, BROVS ki 11

karyot y pgoi@BnatdBhall tRups UdtheCohd i GRlsbi PRRUENDS, WakerBXRFEly)ale kBlls

vitro. Cells cultured in the tested cuItEre systenms for nore than 10
passagesyerd passegtdEBschenicallavsit® 27 osellasr ddeavedimrwgChgngadronondaBrs

|t skovit z- r et al,. 2000 RT- P nal ysi.,s. denonst.rat ed, t hat
el 18 Ovibefin o e eBuinyors ebiiianda: ARG coLa ey (sd or
repr esemipR0 ¥RarfdiedidiRs.t NTRE bAGE hbd) AisSd foH lciRefin® HBSCsOinl Swpagidde r
injection to SCI D Beige mce, hESCs 63 fornmed teratonas containing a

nul ti t udehish can $sFashar ppenlemented mithithe adgitiveandhgiondie fastoys asiescribed
t t i i t t . d
wtth Ve o SR R Db, MIRGRDER GAUCTCHRES, |

in the testeddlatibh oMRéD FFEEC ehk 1A isassisiond Hdiide| KRR thy , TGRg-
nost inportantly, the sane neasurenents were used to characterize

cel 18 c@prigiras wadkir deva of sy wam servps replacereriandylBiggfiensi on. ESCs

I't d und Pt 7 b
Cndi 11 or ent 1 At PR RERREGY *2Re0®] pERPrbiil by colfRF ARRTFHEPEL) 6F
pronot i g vem dertiliestion (&FD s tCahelll Midical godliegeyNYThudsy siighed énfbmmidda

can enabl e nassive culture of undifferentjated hESCs, and )
faci | i t &PESSPh&OTmsy el i RARieorndeseRdpe &%ﬁw&%@i‘gm%g@ﬁﬁ% Oivgfian
bi or eactQfSiation wiﬂT?%ﬁaﬁio'h_%gth ta%ddc?‘d@{&_sﬁe&?évﬁl.t @éoﬂé?%e CAMuBE to the

mai ntained as undifferentiated cell5 in the proposed defined aninal -
and 18er blasfacyet slegh @cadivgi talVBnlabevatdny Lﬁttaragsd foeeidedl: qwiiérs ofl Disingd?

and HA16) or,. al.t ively,.wW.th co nly used_gc t abl. e, 15 feeder
yere. chertaide BIRY ' ot aRRRE, ol ol PRSP EackRiobiRfL, o
for resgapghil).i ndustrial and clinical purposes. Mreover, these novel

culture nedia were found to support suspended cul ture, of
undi f f er ent i esraripmes ESkings in @ syspensiormeiiirs  Epllpwingdbe reaopviah of

massi ve TG : I . j ep
for - any Tt FBRbi Tl s oA by aRTsAER, St MRuMIL RS, A
sel 20 nmaitrpholasidapdri ik [spenifitablyr rembeed rithat bn gndabesisgggestmedhanically

i nvol venent

TGET3 m | ers in hES renewal [[Amt et al,
2004; Lalavaggzoff&ne ?11?5-2%5%%%5%?8%{18&1@16% ,reéﬁ%ﬁu@@n%w} cyifye with a
Val di marsgggis bhilnge Mé@lﬁﬁ?(e.%.?@@@MlgﬁF,tﬁ‘&IG 810139} SIFRDI AN s SSGAIE I S
required to explain the underlying mechani snms of action of TGF13 at

t he | evekllpdregneghaicallyaspditi using d¥g neaddest he 25 fact that TGFj 33 is nore
potent than TOAL3-4 analysis - Total RNA was isolated from hESCs grown for 10-15

25  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
RINA 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
30 temperature as specified in Table 1, hereinabove and extension at 72 °C for 30
seconds. PCR primers and reaction conditions used are desciibed in Table 1,

hereinbelow.  PCR products were size-fractionated using 2 % agarose gel



Future clinical uses of hESCs will require a reproducible,

wel | -defined and xeno-free culture system The culture nethod
described in this study of fibronectin and DI, D2 or HA16 medi um and
foreskins fibroblast neet these needs. The well- defined nedia
denonstrated in the present study aretsuitable for culturing hESCs
and 30 nmay be advantageous for undertaking research on the nechani sns
of ESC s&ilelctmm?ﬁﬂse AkerscWelg yset te heonSismsthst size ope sheofrezultent
TGH | patghpaynts her studies 64 using -hESCs, such as the research on
differentiation pathways and nechani sns, will benefit fromthe

avai |l abi |l ity d&B formeitiondfebirmbBSEnduitaprdoliu sispersion |-t Borerhs \oin@Mon THUS

the pres invention discloses for _the first tine: 1. A
def i ned, %%té;nfﬁgef e%feegégr%‘m P dishes dGreiRernErFkeghaugen, Hemeaunyp eomaging: em

sui t apl e BSOk iH@hdpehsibh CORuRH HefSTrh¥FEA QN Che? 58 GEm etli'ég'éxes tiﬂiggl%i N

medi um conbi nations, highly effective in supporting h cu
vari ety &Bsdiffergniéativaredinoneonsitingrift8p % DMIEVARI 20 @ iploEal idusties)| 33

was neve r t ronote self-g | .of, stemcells.

3 A oul Eo Ry et e RSl B f 28 0 e PR B dies i ifonand
undi f f er e laghaharing MBiititréocaaCsipSrationd Gt IsmESNY?tU%@d hﬁ[t@[?xﬁt%)ely,
4. A scalgble culture system_suitable for devel oping control

bi opr oce8E8% 1 Heiruansar ta) the Fh-diffarentiation tmediump tree EBGS oxbre lnabject to

certayn - f [ N ich a: ke, for clarjt 5

desc?(ib belerei@dr#%l ﬁgm@olning%ﬂ 2%% s%%%rg %?%gaé%o%%} ﬁgﬂ’t@% %r?ﬁi} laiosﬁhﬂt clumps

pr ovi dedusing d 0o ph&ils@npipstiatipd. g dapoREBIOREe h4PEN&ET S8 IRINA Y@Mtﬁ'&ﬁs
e

features o iinyention, which are, for brevity, described int

th
cont ext ?JIFJ%‘S@ itk exAyBAiGRent, may al so be provided separately or in

any suitable } I , j. NV i on has been ]
described in %ﬁfﬁ%{@%ﬁb@m&{'ﬁﬁ%%@gﬁg?é z?@s}g "(;%Sfer!ré%f%“ faﬁg‘r“g@f “V¥Ci s
evi dent péréarmedny dedctibedat Exemsple Bpltiréinaladsieons and variations will be

appayent to those.skilled in the art. Accordingly, it is intended to
enbr{aﬁge al | sgp%e’éff"f'é’f’}ngﬁ"#és, nmodi fi cations and variations that fall

wi thin the spirrétCranrghmrQadssSpIP B0kt mﬁjﬂﬁﬂﬂeﬂ'ep.}tﬁjagﬁz: fa’?‘lcjﬁlturing
publications, patents and patent applications mentioned i*n this
speci f i cRESEH iyiepeesien nhEvcowpisruitarediin sudpehsior nsing dteynely desfobopedce

25 into S il cati.on, .to the .sane,extent as if each jndividual
publ i cat ?gﬁﬁ"&égﬁé&n%g S}Edﬁlﬂ gme.s Bl éjiftﬁlegﬁlﬁﬁésegb‘@c F?IP@aqutﬁc%ﬁlt and
i ndi vi duglblupid. nTb Gateg thd Righ8st iHACRED AT RS shEb&h Mn R¥s eﬁ&ﬁﬁ‘?ﬁ?ﬁe tebfdd
addition, citation or identificatron of any reference rn this

appl4% at MEHUEHEPES Yete hpassegestin DA snedivmgdfipassages inhthe D2uabdium, 10.

refer encﬁdsisa%egﬁ?{ﬂeﬁﬁ AaBlh %ha 39 E)ags%géshi% L 238 oF v qunl Lt nESCs
exhibited undifferentiated morphology at these passages and can be firther cultured in

these media and maintain hESCs features. Histological sections of the hESCs clumps

formed in the suspension cultures illustrated homogeneous cell population, of round

25 cells with large nucleus (Figures 9a-g). In addition, when the cells were plated back

on MEFs, they created colonies with typical hESCs morphology (Figures 9b-e), 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

30 cells were expanded and maintained in the undifferentiated state for at least 1-2

passages (data not shown).
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system for hESCs, based on the use of commercial medium supplemented with either

TGERB5 or TGFB1 and bFGF, and human fibronectin matrix as substitute. This medium
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examined cells exhibited any lkaryotype 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
30 grown on MEFs [Itskovitz-Eldor et al, 2000]. RT-PCR analysis demonstrated that
cells within these EBs differentiated into different cell types representative of the

three germ layers. Furthermore, following their injection to SCID-Beige mice, hESCs



68 WHAT IS CLAIMED IS: |.A culture nmedium conprising a transform ng
grow h factor beta (TGFP) isofonn and being serumfree, animal
contam nant-free, feeder-free and protein carrier-free and capabl e of
mai ntai ning stemcells in an undifferentiated state under ani nal
contanmi nant-free conditions. 2. A c®l| culture conprisi ng a stern

|1 d | t di d di .
[ ans oA (TEIRERS ATl ot BfeRABE | EOH S AP Db gD 2o FEMG e,

ani mal 68 1t LfeRNdeRicAl &) thosabf E8% du[mdamm
capabl e%g‘?éegg: n |tﬁ§aﬁc§ﬁa}s§r§ﬁst e?n cel es i ?1 an undifferentiated state

under arNBR:. Thns,ahs phmipofeney of Greciells snlure @ntipuonshhiothe testsqramra g
and nmai nt a %‘!tlﬂ sfe ceIIs in an undifferentiated state, the nethod
conpri s%@j}l FHRINSE AY- stem cel s in a cul ture medi um conprising a

trangform ng Hﬁcﬁ%ﬁblﬁ'a%@rm&@tlﬁlpbﬁ@ﬁ@ the aheRNmeashrheimg veee used tee,
ani mal contami nant-free, feeder-free and protein carrier-free gggé
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defined media demonstrated in the present study are suitable for culturing hESCs and

30 may be advantageous for undertaking research on the mechanisms of ESC self-

maintenance, especially of the possible roles of the TGFf pathway. Other studies



met hod conprising: (a) culturing the enbryonic stemcells in a
culture nmedium conprising a transformng gromh factor beta (TGl 3)

i sof onn and being serumfree, aninmal contam nant-free, feeder-free
and protein carrier-free and capabl e of nmintaining the enbryonic
stemcells in an undifferentiated st@te under ani mal contam nant-free

conditions, to thereby obtain expapnded, .yndiff.erentiated,enryoni
stei n caising;hESJs) suslisisdbe F?ﬁ@a@gi"g ‘ﬁ&%‘&hﬁ%ﬁ’n %Wweap@mcgpﬁigﬂa lls
enbr yoni I e Ik &10 dSandidhi SubibialiRurk @ stem.

differ er?%?%%tiq%r?éﬁglaei%afel%ﬁg dﬁwﬁggi fferagelﬁ?i&g?eg enbr yoni ZS Zrtﬂem cells
to embryoi d bidmiahe preseht iT@ntion disbjosetfonthedupitinet sai d enmbryoi d
bodies to culturin di,tions suitable for _di r i at.i angd
expandi ng | i Heage 5 p&dineflc X6apHee, @W@Féb?/er%%néé g%eﬁlgh’t ?1% Auif el

A neage-sn i {8016 8l kol E@Rk Bed eabraioRbELBSEE.N cel s, 8. The
culture rumof claim11, being devoid of serumrepl acenent. h@ﬁg?
m

cel | cul ture Zonprefined meditensahinatinns, KigBlycefective TRstPRH

8. 10. The nethod of.cl.aim3,,.4. 5, ) rej i

medi um | i GG %fe?ut.]lﬁ’lr? 8%4%%%%rﬁr§01&ileﬁgﬁggkﬁ§gpf u?%? &%IS ai m
2 or 9 YR RhibaSRiEd B foloeldiErcabRalaThiononill. stem cel | s. 12, The
culture nediumof clains 1, or 8, wherein said protein carrier is

al bumin.  13.3.The fvechlbue ofystany Git @lgpis BSCqculging 1y sugpenspn as
wherein said cul turi i.s effe i i 14. The met hod of
any Cq@;ﬂ%re@}att%{wgﬂo%,a %n%&%%g?ﬁtﬁg#%ﬁ@gﬁc?m turing is

ef fected on a4 feedgrscalhible@ultiierdystem, dfitabkhfer detdigung tondtdibinptacesses
wherein said feeder- free matrix is a fibronectin matrix. 16. The
net hod ofh ingiptiifl bidreacks3, 4, 5, 6, 7, or 10, wherein said culturing
is effected on feeder cells. 17. The culture nmediumof claim11 or 8,
wherein said TGP isofonn is a TGO isofonn 1 (TG-f31). )

Tt is appreciated that certain features of the invention, which dre, for clarity,

15  described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific

20  embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all
such alternatives, modifications and variations that fall within the spirit and broad
scope of the appended claims.  All publications, patents and patent applications
mentioned in this specification are herein incorporated in their entirety by reference

25  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.



71 18. The culture nmediumof claiml or 8, wherein said TGP i sofonn
is a TGP isofonn 3 (TGFP3). 19. The culture medi umof claim 17,
wherein said TGFP1 is provided at a concentration of at |east 0.06
ng/m . 20. The culture nediumof clgm17, wherein said TGP, is
provi ded at a concentration of 0.12 ng/m . 21. The culture nedi um of
claim 18, wherein said TGF133 | sppreRANdESt a concentration of at
least 0.5 ng/m . 22. The culture mediumof claim 18, wherein said
TGFP3 is provided at a c@tidéropadrdfenerneds are gliedhin tex»3. The cul ture

medi um of, any _a | ai s 2 Oy Aot - 22 reJ } :

medi um cdhpr %@i h%’a??@eﬁlegll\g%f i’%‘?“‘g@om @é%t%@?(}%ﬁgz)ﬁp’d%. iEgEA’
cul ture medi gerdfitzA1a6MF,2Bhondar BA.NCloahlly deGred Buparowindieenit stam cell
concentration of at least 2 ng/m, he cul ture medi um of .c aiafn

Ll . 2.
23, wherei n Hagsgmpmigin pEHOERFY ead &F"%ﬁoef@Bﬁ%B?FFP‘é% ifanprplonged perags
Ini. 26. . f,-€lakms 7, 14 and 13-16, farth
ng g@ﬁgﬁwm‘i’&o@d}&ﬁ.zﬁﬁg@ an art her

conprising i I neageé speci cells following step (b). 27.
The met h@d oBhattaharya@B, Mien el rBsadehbegpRaiMaglol §, lewg¥, YpegiAKcIashl | s

T souct | ke B BrePe b d NS S AREA Maloin b Congieda hPaHERREL 1o s,
28. The net h@ﬁriogdﬁl &lidRe2 BxprdRILiN Hidhdh lefDkRknid Gtdnh NRAJ EnsPepkiffhe

cells is effecte y subjecting said enbryoid bodies to
di fferenti at inseduler signature. Bheddifyl 036829864t 2@04ent i ati on of said

enbryoi d Jbodies into li. specifiyc_di.ffarent i o khe
met hod of" any%‘?mgl i%&?ﬁg’?,ae S l‘ﬁ’ Ié?ﬁlgéhlgﬁil[‘aﬂﬂ%rgggg’éﬁ %%1‘%&%%?%2‘?‘%% he
enbryoni ¢ st galeyC €. LSF/BTATIREigAMEgY isC t trgdihial kelf-r@Rwal b behiod

of any of clainms 4, 5, 6, 7, 13-16 and 26-28 wherein the enbryonic
stem cel | i scmbpranisgstemeslls. gimn Cells.0E@R(3):7788. The cell culture of

o o L TR, BNy b 5856 g, P o
19, 20, and 28RS, Hapkr &i Mat@émhnee of pheipredéyin bonpr esbeyoicl2emgels
of ol aifrs 1, FSIARIspennt Yiar befs 2008 2 RaPetned um conpr ] ses 2
ng/ M TGHT33 gadOnngkdifal DA tR08isql, URBhARd P, Brivanlou AH. Maintenance of
pluripotency in- human and mouse embryonic stem cells through activation of
Wnt signaling by a pharmacological GSK-3-specific inhibitor. Nat Med. 2004
Jan;10(1):55-63.
6. Xu C, Inokuma MS, Denham J, Golds K, Kundu P, Gold JD, Carpenter MK.
Feeder-free growth of undifferentiated human embryonic stem cells. Nat
Biotechnol 2001; 19:971-974.
7.  Richards M, Fong CY, Chan WK, Wong PC, Bongso A. Fuman feeders support

prolonged undifferentiated growth of human inner cell masses and embryonic
stem cells. Nat Biotechnol 2002; 20:933-936.

8, 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.

9.  Amit M, Shariki K, Margulets V, and Itskovitz-Eldor J. "Feeder and serum-free
culture system for human embryonic stem cells". Biol Reprod 70:837-845, 2004,

10. 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



34. The culture nmediumof any of clainms I, 18, and 21-25, wherein
said culture nediumconprises 2 ng/m TG[33, 4 ng/m DbFG- insulin,
transferrin, selenius acid, glutamne, ascorbic acid and a |lipid

m xture. SEQUENCE LI STING <110> |imt, Mchal I|skovitz-El dor, Joseph
<120> MEDI A FOR CULTURI NG STEM CELLSs6<130> 32372 <160> 31 <170>
PatentIn version 3.3 <210> 1 <211> 23 <212> DNA <213> Artificial
sequence <2bpmarpfozsskay nighreblasis any e of$lifoilews opioductiopo@f human

gagaacaat o gaRGGH in99RS e Kipich. SBURIARTTAMRODNA <213>

11. Williams R, Hilton D, Pease S, Wilson T, Stewart C, Gearing D, Wagner E,
Metcal, D, Nicola N, Gough N. Myeloid leukemia inhibitory factor maintains
the developmental potential of embryonic stem cells. Nature 1988; 336:684-687.

12. NiwaH, Burdon T, Chambers I, Smith A. Self-renewal of pluripotent embryonic
stem cells is mediated via activation of STAT3. Genes Dev. 1998 Jul
1;12(13):2048-60.

13. Smith AG, Heath JK, Donaldson DD, Wong GG, Moreau J, Stahl M, Rogers D.
Inhibition of pluripotential embryonic stem cell differentiation by purified
polypeptides. Nature. 1988 336(6200):688-90.

14. Rose TM, Weiford DM, Gunderson NL, Bruce AG. Oncostatin M (OSM)
inhibits the differentiation of pluripotent embryonic stem cells in vitro.
Cytokine. 1994 6(1):48-54. -

15. Conover JC, Ip NY, Poueymirou WT, Bates B, Goldfarb MP, DeChiara TM,
Yancopoulos GD. Ciliary neurotrophic factor maintains the pluripotentiality of
embryonic stem cells. Development. 1993 119(3):559-65.

16. Nichols I, Chambers I, Smith A. Derivation of germline competent embryonic
stem cells with a combination of interleukin-6 and soluble interleukin-6
receptor. Exp Cell Res. 1994 215(1):237-9.

17. Thomson JA, Hskovitz-Eldor, J, Shapire SS, Waknitz MA, Swiergiel JJ,
Marshall VS, Jones JM. Embryonic stem cell lines derived from huwman
blastocysts. Science 1998; 282:1145-1147 [erratum in Science 1998;282:1827].

18. Reubinoff BE, Pera MF, Fong C, Trounson A., Bongso A. Embryonic stem cell
lines from human blastocysts: somatic differentiation in vitro. Nat Biotechnol
2000; 18:399-404.

19. Amit M. & Iiskovitz-Eldor J. Derivation and spontaneous differentiation of
human embryonic stem cells. J Anat. 2002; 200:225-232.

20. Thomson JA, Kalishman J, Golos TG, Durning M, Harris CP, Becker RA,
Hearn JP. Isolation of a primate embryonic stem cell line. Proc Nafl Acad Sci
USA 1995; 92:7844-7848.



<220> <223> Single strand DNA ol i gonucl eoti de <400> 2 ttctggcgcc
ggttacagaa cca23 <210> 3 <211> 24 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 3 tgcttgaatg

t gct gat gac aggg24 <210> 4 <211> 24 <212> DNA <213> Artificial
sequence <220> <223> Single strand DN& ol i gonucl eoti de <400> 4

21. Thomson JA, Kalishman J, Golos TG, Durning M, Harris CP, Hearn IP.
Pluripotent cell lines derived from common marmoset (Callithrix jacchus)
blastocysts. Biol Reprod 1996; 55: 254-259,

22. Itskovitz-Eldor I, Schuldiner M, Karsenti D, Eden A, Yanuka O, Amit M, Soreq
H, Benvenisty N. Differentiation of human embryonic stem cells into embiyoid
bodies comprising the three embryonic germ layers. Mol Med 2000; 6:88-95.

23. Xu RH, Peck RM, Li DS, Feng X, Ludwig T, Thomson JA. Basic FGF and
suppression of BMP signaling sustain undifferentiated proliferation of human
ES cells. Nat Methods. 2005; 2(3):185-190.

24. Xu C, Rosler E, Jiang J, Lebkowski IS, Gold JD, O'Sullivan C, Delavan-
Boorsma K, Mok M, Bronstein A, Carpenter MK. Basic fibroblast growth factor
supports undifferentiated human embryonic stem cell growth without
conditioned medium. Stem Cells. 2005b; 23:315-23.

25. Chebath J, Fischer D, Kumar A, Oh JW, Kolett O, Lapidot T, Fischer M, Rose-
John S, Nagler A, Slavin S, Revel M. Interleukin-6 receptor-interleukin-6 fusion
proteins with enhanced interleukin-6 type pleiotropic activities. Eur Cytokine
Netw. 1997; 8: 359-65.

26. Kaollet O., Aviram R, Chebath J, ben-Hur H, Nagler A, Shultz L, Revel M and
Lapidot T. The soluble Interleukin-6 (IL-6) Receptor/IL-6 fusion protein
enhances in vitro maintepance and proliferation of human CD34+CD38-/low
cells capable of repopulating Severe Combined Immunodeficiency mice.
BLOOD 1999; 94: 923-931.

27. Hirano T, Nakajima K, Hibi M. Signaling mechanisms through gp130: a model
of the cytokine system. Cytokine Growth Factor Rev. 1997;8:241-52.

28. James, D., Levine, A.J., Besser, D., Hemmati-Brivanlou, A., Development 2003,
132: 1273-82.



aaggcaagt c agcagccatc tcat24 <210> 5 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA ol i gonucl eoti de
<400> 5 gctggattgt ctgcaggatg gggaa25 <211> 25 <212> DNA .c213>
Artificial sequence <220> <223> Single strand DNA ol i gonucl eoti de
<400> 6 tcccctgaag aaaattggtt aaaat25 gg10> 7 <211> 22

WHAT IS CLAIMED IS:

1. A culture medium comprising a transforming growth factor beta (TGEpB) isoform
and being serum-free, animal contaminant-free, feeder-free and protein carrier-free and
capable of maintaining stem cells in an undifferentiated state under animal contaminant-

free conditions.

2, A cell culture comprising a stem cell and a culture medium, said culture medium
comprises a transforming growth factor beta (TGFB) isoform and being serum-free,
animal contaminant-free, feeder-free and protein carrier-free and capable of maintaining

said stem cells in an undifferentiated state under animal contaminant-free conditions.

3. A method of expanding and maintaining stem cells in an undifferentiated state, the
method comprising culturing the stem cells in a culture medium comprising a
transforming growth factor beta (TGFB) isoform and being serum-free, animal
contaminant-free, feeder-free and protein carrier-free and capable of maintaining the stem
cells m an undifferentiated state under animal contaminant-free conditions, fhereby

expanding and maintaining the stem cells in the undifferentiated state.

4, A method of deriving an embryonic stem cell line, the method comprising;

culturing an embryonic stem cell, which has been obtained from a pre-
implantation stage blastocyst, post-implantation stage blastocyst and/or a genital tissue of
a fetus in a culture medium comprising a transforming growth factor beta (TGFB) isoform
and being serum-free, animal contaminant-free, feeder-free and protein carrier-free and
capable of maintaining said embryonic stem cell in an undifferentiated state under animal
contaminant-free conditions;

thereby deriving the embryonic stem cell line.

5. A method of generating lineage-specific cells from embryonic stem cells, the

method comprising:



<212> DNA <213>
ol i gonucl eot i de
<212> DNA <213>
ol i gonucl eoti de
<212> DNA <213>
ol i gonucl eot i de

Artificial sequence <220> <223> Single strand DNA
<400> 7 gagtgaaatg gcacgatacc ta22 <210> 8 <211> 22
Artificial sequence <220> <223> Single strand DNA
<400> 8 tttcctctcc ttcttcacct to22 <210> 9 <211> 22
Artificial sequence <2gf> <223> Single strand DNA
<400> 9 ggagttatgg tgggtatggg tc22

(a) culturing the embryonic stem cells in a culture medium comprising a transforming

growth factor beta (TGFB) isoform and being serum-free, animal contaminant-free,
feeder-free and protein carrier-free and capable of maintaining the embryonic stem cells
in an undifferentiated state under animal contaminant-free conditions, 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.

6. A method of generating embryoid bodies from embryonic stem cells, the method
comprising;
(a) culturing the embryonic stem cells in a culture medium comprising a transforming

growth factor beta (TGFp) isoform and being serum-free, animal contaminant-free,
feeder-free and protein carrier-free and capable of maintaining the embryonic stem cells
in an undifferentiated state under animal contaminant-free conditions, 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 comprising a transforming
growth factor beta (TGFf) isoform and being serum-free, animal contaminant-free,
feeder-free and protein carrier-free and capable of maintaining the embryonic stem cells
in an undifferentiated state under animal contaminant-free conditions, 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



<210> 10 <211> 22 <212> DNA <213>
Singl e strand DNA ol i gonucl eoti de
<210> 11 <211> 32 <212> DNA <213>
Singl e strand DNA ol i gonucl eoti de
caatgagctg cg32 <210> 12 <211> 32

Artificial sequence <220> <223>
<400> 10 agtggtgaca aaggagtagc ca22
Artificial sequence <220> <223>
<400> 11 atctggcacc acaccttcta
<2120 DNA <213> Artificial

sequence <220> <223> Single strand DNA ol i gonucl eoti de <400> 12
cgtcatactc ctgcttgctg atccacatct gc32 <210> 13 <211> 18 <212> DNA
<213> Ar{df i ceetijettimguestiseok3@@>mbryoid 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. The culture medium of claim 1, being devoid of serum replacement.

9. A cell culture comprising a stem cell and the culture medium of claim 8.

10. The method of claim 3, 4, 5,

serum replacement.

6 or 7, wherein said culture medium is devoid of

11.  The cell culture of claim 2 or 9, wherein said stem cells are embryonic stem cells.

12. The culture medium of claims 1, or 8, wherein said protein carrier is albumin.

13. The method of any of claims 3, 4, 5, 6, 7, or 10, wherein said culturing is effected

in suspension.

14, The method of any of claims 3, 4, 5, 6, 7, or 10, wherein said culturing is

effected on a feeder- free matrix.

15, The method of claim 14, wherein said feeder- free matrix is a fibronectin matrix.

16. The method of any of claims 3, 4, 5, 6, 7, or 10, wherein said culturing is effected

on teeder cells.

17. The culture medium of claim 1 or 8, wherein said TGFf isoform is a TGFp

isoform 1 (TGFpB,).



<223> Single strand DNA ol i gonucl eoti de <400> 13 cccccggcgg

caat agcal8 <210> 14 <211> 20 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucl eoti de <400> 14 teggcgccgg
ggagat acat 20 <210> 15 <211> 23 <212> DNA <213> Artificial sequence
<220> <223> Single strand DNA ol i gonucleoti de <400> 15 gcgtacgcaa
attaaagt cc aga23 <210> 16 <211> 25 <212> DNA <213> Artifici al
sequence <220> <223> Single strand DNA ol i gonucl eoti de <400> 16
cagcat cctld. aadagotuiige: agdamn? 5f <Pih>1 K7 & 2tliereid 3sar THFPDNAfoc@21 B>a TGFR

Artificial sequence
1soform 3 (TGF[33).

19, The culture medium of claim 17, wherein said TGFP; is provided at a

concentration of at least 0.06 ng/ml.

20.  The culture medium of claim 17, wherein said TGFp; is provided at a

concentration of 0.12 ng/ml.

21. The culture medium of claim 18, wherein said TGF[p; is provided at a

concentration of at least 0.5 ng/ml.

22.  The culture medium of claim 18, wherein said TGFB; is provided at a

concentration of 2 ng/ml.

23. The culture medium of any of claims 1, 8, 12, and 17-22, wherein said culture

medium comprises basic fibroblast growth factor (bFGF).

24, The culture medium of claim 23, wherein said bFGF is provided at a

concentration of at least 2 ng/ml.

25. The culture medium of claim 23, wherein said bFGF is provided at a

concentration of at least 4 ng/ml.

26. The method of any of claims 7, 14 and 13-16, further comprising isolating

lineage specific cells following step (b).

27. The method of claim 26, 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.



<220> <223> Single strand DNA ol i gonucl eoti de <400> 17 taccatgcga
ccagtggtgc gct23 <210> 18 <211> 23 <212> DNA <213> Artifici al

sequence

<220> <223> Single strand DNA ol i gonucl eoti de <400> 18

gaattctggt tatcatcggg gaa23 .<210> 19 <211> 23 <212> DNA <213>
Artificial sequence <220> <223> Singl e7strand DNA ol i gonucl eoti de

<400> 19

ctacaacgcc tacgagtcct aca23 <210> 20 <211> 24 <212> DNA

<213> Artificial sequence

28. The method of claim 26, 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.

29. The method of any of claims 4, 5, 6, 7, and 13-16, and 26-28, wherein the

embryonic stem cell is a human embryonic stem cell.

30. The method of any of claims 4, 5, 6, 7, 13-16 and 26-28, wherein the embryonic

stem cell is a primate embryonic stem cell.

31. The cell culture of any of claims 2, 9 and 11, wherein said stem cells are human

embryonic stem cells.

32. The culture medium of any of claims 1, 17, 19, 20, and 23-25, wherein said

culture medium comprises 0.12 ng/ml TGFB1, 10 ng/ml bFGF and glutamine.

33. The culture medium of any of claims 1, 18, and 21-25, wherein said culture

medium comprises 2 ng/ml TGFR3, 10 ng/ml bFGF and glutamine.

34. The culture medium of any of claims I, 18, and 21-25, wherein said culture
medium comprises 2 ng/ml TGFB3, 4 ng/ml bFGF, insulin, transferrin, selenius acid,

glutamine, ascorbic acid and a lipid mixture.



<220> <223> Single strand DNA ol i gonucl eoti de <400> 20 gttgcaccag
aaaagt caga gttg24 <210> 21 <211> 25 <212> DNA <213> Artificial
sequence <220> <223> Single strand DNA ol i gonucl eoti de <400> 21
ctcagtgatc ctgatcagat gaacg25 <210> 22 <211> 25 <212> DNA <213>
Artificial sequence <220> <223> Singl e strand DNA ol i gonucl eoti de
<400> 22 C ggcaagatta tcaag25 <210> 23 <211> 25 <212> DNA
<213> Ar ts?%%lgcngl&glg%quence <220> <223> Single strand DNA
ol i gonucl<¢®ri deit<40021 23 acctgactcc t gaggagaag tctgc25
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<210> 1

<211i> 23

<212> DHA

<213> Artificial seguence

<220>
<223> B8ingle strand DNA oligonucleotide

<400> 1
gagaacazig agaaccttca gga 23

<210> 2

<211> 23

<212> DNA

<213> Artificial sequence

<220> .
<223> Single strand DNA oligomucieotide

<400> 2
ttotggegee ggitacagaa cca 23

<210> 3

<211> 24

<212> DRA

<213> BArtificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 3
tgcttgaatg tgctgatgac aggg 24

<210> 4

<211> 24

<212> DNa

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 4
aaggcecaagte agcagecate tcat 29

<210> 5

<211> 25

<212> DNA

<213> Artificial segurence

<220>
<223> Single strand DNA oligonuclectide

<400> 5
getggattet ctgeaggaty gggaa 25

<210> 6



<210> 24 <211> 25 <212> DNA <213> Artificial sequence <220> <223>
Singl e strand DNA ol i gonucl eotide <400> 24 tagccacacc agccaccact
ttctg25 <210> 25 <211> 20 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eoti de <400> 25 at gcacggca

t ct gggaat c20 <210> 26 <211> 24 <212> BNA <213> Artificial sequence
<220> <223»-Skagl e strand DNA ol i gonucl eoti de <400> 26 gctactgtcc

t gcaagtt gerzpge4 <210> 27 <211> 20 <212> DNA <213> Artifici al
sequence £220%%55%L sgiitfice strand DNA ol i gonucl eoti de

<220>
<223> single strand DNA oligonucleotide

<400> 6
tceectgaag aasattggtt aaaat 25

<2i0> 7

<211> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 7
gagtgaaatg gcacgatacc ta 22

<21¢> 8

<2il> 22

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 8
titectetee tictteacot o 22

<210> 9

<211> 22

<212> DNA

<213> Artificial seqguence

<220>
<223> $ingle strand DNA oligonucleotide

<400> 9
ggagttatgy tgggtatgug tc 22

<210> 10

<211> 22

<212> DNA

<213> pArtificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 10
agtggtgaca aaggagtage ca 22

<210> 11

<2il> 32

<212> DNa

<213> Artificiel sequence

<220>
<223> sSingle strand DNA oligonucleotige

<400> 11
atctggeace acaccttcta caatgagetg cg 32

<210> 12
<211> 32
<212> DNa



< > 27 cagtctgacc agcgtgaaaa20 <210> 28 <211> 20 <212> DNA <213>
Aftoiofi ci al gequgnce <228>g<223> Singl e strand DNA ol i gonucl eoti de
<400> 28 ggccatccaa atctgtcctaz20 <210> 29 <211> 20 <212> DNA <213>
Artificial sequence <220> <223> Single strand DNA ol i gonucl eoti de
<400> 29 actaacatga gtgtggatcc20 <210% 30 <211> 20 <212> DNA <213>
Artifici ablsseguencal <a@Bxe<223> Singl e strand DNA ol igonucl eoti de
<210> 31 s5211> 543 <212> PRT <213> Artificial sequence <220> <223>

| L6R/ | L6 <ght I’T'E:fni;fe PEOL k) oligonucleotide

<400> 12
cgteatacte ctgethgety atccacatct g 32

<Z10> 13

<21il1> 18

<212> DWA

<213> Artificial sequence

<220>
<223> Single strand DNa oligonucleotide

<4200> 13
ccocceggegy caatagea 18

<210> 14

<211> 20

<212> DNA

<213> Artificial sequence

<220>
<223> S8ingle strand DWA cligonucleotide

<400> 14
teggegecyg ggagatacat 2Q

<210> 15

<21i> 23

<212> DHA

<213> Artificial seguence

<220>
<223> Single strand DNA cligonucleotide

<400> 15
gegtacgosa attaaagtcee aga 23

<210> 16

<211> 25

<212> DNa

<213> BArtificial segquence

<220>
<223> Single strand DN cligonucleotide

<400> 16
cagcatccta aacagctcge agaat 25

<210> 17

<211> 23

<Z12> DNA

<213> Artificial segnence

<220>
<223> Single strand DNA oligonuclectide

<400> 17
taccatgega ccagtggtge got 23

<210> 18

<2ii> 23

<212> DNA

<213> Artificial sequence



<400> 31 Met Leu Ala Val Ay Cys Ala Leu Leu Ala Ala Leu lieu Ala Al a
Pro 151015 Ay Ala Ala lieu Ala Pro Arg Arg Cys Pro Ala G n du Vval
Ala Arg 202530 Ay Val lieu Thr Sex Leu Pro Ay Asp Sex. Val Thr Leu
Thr Cys Pro 354045 Ay Val Gu Pro Au Asp Asn Ala Thr Val Hs Trp
Val lieu Arg Lys 505560 Pro Ala Al a G“y Ser H's Pro Sex Arg Trp Al a
Gy Met @a-Arg Arg 65701580 Leu Leu Leu Arg Ser Val G n LOU H s Asp
Ser Ay AT THroSertr@f PvBE0IO95EcIFyidceArg Ala Ay Arg Pro Ala Ay Thr
Val H s Ledgs-| keu Val Asp Val 100105110 Pro Pro Gu GQu Pro An lieu
Ser Cys Rhetdpg feyst&Ges ofro |ieu Ser. 115120125 Asn Val .yal Cys Gu
Trp Ay Pro Arg Ser Thr Pro Ser |lieu Thr Thr 130135140

<210> 19

<211> 23

<2l2> DFA
<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 19
ctacaacgee tacgagtcct aca 23

<210> 20

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<223> 8ingle strand DNa oligonucleotide

<400> 20
gttgcaccag aamagtcaga gttyg 24

<210> 21

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<d400> 21
cteagtgate ctgatecagat gaacg 25

<210> 22

<211> 25

<212> DNA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonuclectide

<400> 22
agtecctgge ggraagatta tcaag 25

<210> 23

<21i> 25

<212> DEA

<213> Artificial sequence

<220>
<223> B8ingle strand DNA oligonucleotide

<400> 23
acctgactce tgaggagaag tetge 25

<210> 24

<211> 25

<212> DHA

<213> Artificial sequence

<220>
<223> sSingle strand DNA oligonucleoiide



Lys Ala Val lieu lieu Val Arg Lys Phe G n Asn Sex Pro Ala G u Asp
145150155160 Plc G n GQu Pro Cys Gn Tyr Ser An Qu Ser An Lys Phe
Sex Cys 165170175 G n Leu Ala Val Pro Au Gy Asp Sex Ser Phe Tyr lIle

Val Sex Net 180185190 Cys Val Ala Sex Sex Val Ay Sex Lys Phe Sex Lys
Thr G n Thr Phe 195200205 A n Qy Qf)s< Gy llelieu @n Pro Asp Pro
Pro Ala Asn Tie Thr Val 210215220 Thr Ala Val Ala Arg Asn Pro Arg Trp
| i eu Sexeo®al24Thr Trp A n Asp 225230235240 245250255 T Pig Ala G n
Arg Sex fF§EFRAIBREFhT**Ffhr Trp Met Val Lys Asp 260265%%0 Len Gn His
Hs Cys Val Ile H's Asp Ala Trp Set Ay Leu Pig H's 275280285 Val Val
Gn Lenzggﬁgg%la Gn Gn Ju Phe Ay Gn Ay Gn Trp Sex

<212> DNA
<213> Artificial seguence

<220> :
<223> Single strand DFA oligonucleotide

<4Q0> 25
atgcacggca tctgggaate 20

<210> 26

<211> 24

<212> DHA

<213> Artificial sequence

<220>
<223> Single strand DHA oligeonucleotide

<400> 26
gctactgtec tgcaagttge tgte 24

<210> 27

<211> 20

<212> DNA

<213> Artificial seguence

<220>
223> Single strand DNA oligonucleotide

<400> 27
cagtctgace agrgtgaaaa 20

<210> 28

<211> 20

<212> DNA

<213> Artificilal sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 28
ggccatecaz atctgtocta 20

<210> 28

<211> 20

<212> DHA

<213> Artificial segquence

<220>
<223> single strand DNA oligonucleotide

<400> 29
actaacatga gtgtggatce 20

<210> 30

<211l> 20

<212> DHA

<213> Artificial sequence

<220>
<223> Single strand DHA oligonucleotide

<400> 30




290295300 A u Trp Set Pro Gu Ala Met Ay TI-it Pro Trp Thr G n Set
Arg Sex 305310315320 Pro Pro Ala Qu Ann G n Val Set TlI-it Pro Net
Gn Ala Len Thr Thr 325330335 Asn Lys Asp Asp Asp Asn Il e Len Phe Arg
Len Pro Val G n Phe Met Pro val

Asp Set Ala Asn Ala Thr

340345350 Ser

Pro Pro Gy Gn Asp Set Lys 3553603656Asp Val Ala Ala Pro Hs Pig Gn
Pro Len TdatdttcaSexgtBetasG N Pig [l e 370375380 Asp Lys G nzdle Arg Tyr

Ile Len Asp Ay Ile Set Ala Len
Lys Sex Ass Mgt Cys G n Set Sex
Ann Len A8 L¥h Pro Lys Met Ala

Set Ay BHE ABh Qi Ghealhr Oys

<220>
<223> ILGR/IL6 chimeric protein

<400> 31

Met Leuw Ala Val

1

Gly

Gly

Gly

Pro

Leu

Tyx

Pro

Asn

Lys

145

bPhe

Gln

Cys

Gln

Thy

225

Pro

Ala

Val

Val

50

Ala

Leu

Arg

Pro

val

130

Ala

Gin

Leu

val

Gly

210

Ala

His

Ala

Leu

35

Glu

alz

Leu

Ala

Glu

115

val

val

Glu

Ala

195

Cys

val

Ser

Leu

20

Thr

Pro

Gly

Arg

Gly

100

Glu

cys

Leu

Pro

val

180

Ser

Gly

Rla

Txp

Gly Cys

Ala Pro

Ser Leun

Glu asp

Ser His

70

Ser val
85

Arg Fro

Pro Gln

Glu Trp

ieu Val

150

Cys Gln
165

Pro Glu

Ser val

Ile Leu

Arg Asn

230

Asn Ser

Ala

Arg

Pro

Asn

55

Pro

Gln

Ala

Leu

Gly

135

Arg

Tyr

Gly

Gly

Gln

215

Pxo

Sex

Leu

arg

Gliy

Ala

Ser

Leu

Gly

Ser

120

Pro

Lys

Ser

Asp

Ser

200

Pro

Arg

Phe

Leu

Cys

25

Asp

Thz

Arg

His

Thx

105

Cys

Arg

Phe

Gln

Ser

185

Lys

Asp

Trp

Tyr

Arg Lys
Lys G n
G n Lys
Len Val

Ala Ala

Pro Ala

Ser Val

val His

Trp Ala

15

Asp Sexr
90

Val His

Phe Arg

Ser Thr

Gln Asn

155

Glu Sex
170

Ser Phe

Phe Ser

Bro Pro

Len Sar

235

Arg Leu

Leu

Gln

Thr

Trp

Gly

Gly

Leu

Lys

Pro

149

Sex

Gln

Tyr

Lys

Ala

220

Val

Arg

385390395400 A u Thr Cys Ann
Al a Leu 405410415 Ala G n Ann
Asp Ay Cys 420425430 Phe G n
Lys Ile Ile Thr 435440445

Leu Ala Ala Pro
15

Glu Val Ala Arg

Leu Thr Cys Pro

Val Leu Arg Lys

Met Gly Brg Arg

Asn Tyr Ser Cys

Leu Val Asp Val
110

Ser Pro Leu Ser
125

Ser Leu Thr Thr

Pro aAla Glu Asp
160

Lys Phe Ser Cys
175

Ile Val Sexr Met
189

Thr Gln Thr Phe
205

Asn Ile Thr Val

Thr Trp Gln Asp
24Q

Phe Glu Leu Arg




Ay Len Len Gn Phe u Val Tyr Len Gn Tyr Len Gn Asn Pig Phe
450455460 G n Set Set Au Gn Gn Ala Pig Ala Val G n Net Set Thr Lys
Val 465470475480 Len Ile G n Phe Leu G n Lys Lys Ala Lys Asn Leu Asp
Al'a I'le Thr 485490495 Thr Pro Asp Pro, Thr Tl-it Ann Ala Set Len Len
Thr Lys Len G n Al a 500505510 G n Ann Gn Trp Len G n Asp Net Thr Thr
H's Len Ile Leu Pi #48ex 51552052%%Phe Lys G n Phe Len G n Set Set Len
Arg Ala Len Pig G n Met 530535540

Tyr Arg ala Glu Arg Ser Lys Thr Phe Thr Thr Trp Met Val Lys Asp
260 265 270

Leu Gln His His Cys Val Yle His Asp Ala Trp Ser Gly Leu Arg His
275 280 285

Val val Gln Leu Arg Ala Gln Glu Glu Phe Gly Gin Gly Glu Trp Ser
2890 295 300

Glu Trp Ser Pro Glu Ala Met Gly Thr Pro Trp Thr Glu Ser Arg Ser
305 310 315 320

Pro Pro Bla Glu Asn Glu Val Ser Thr Pro Met Gln 3la Leu Thr Thr
325 330 335

Asn Lys Asp Asp Asp Asn Ile Leu Phe Arg Asp Ser Ala Asn Ala Thr
340 345 350

Ser Leu Pro Val Glu Phe Met Pro Val Pro Pro Gly Glu Asp Ser Lys
355 360 365

Asp Val Ala Ala Prc His Arg Gln Pro Leu Thr Ser Ser Glu Arg Ile
370 375 380

Asp Lys Gln Ile Arg Tyr Ile Leu Asp Gly Ile Ser Ala Leu Arg Lys
385 380 395 400

Glu Thr Cys Asn Lys Ser Asn Met Cys Glu Ser Sexr Lys Glu Ala Leu
405 414 415

Ala Glu Asn Asn Leu Asn Leu Pro Lys Met Ala Glu Lys Asp Gly Cys
420 425 430

Phe Gln Ser Gly Phe Asn Glu Glu Thr Cys Leu Val Lys Ile Ile Thr
435 440 445

Gly Leu Leu Glu Phe Glu Val Tyr Leu Glu Tyr Leu Gln Asn Arg Phe
450 455 460

Glu Ser Ser Glu Glu Glu Ala Arg Ala Val Gla Met Ser Thr Lys Val
465 470 475 480

Leu Ile Gln Phe Leu Gln Lys Lys Ala Lys Asn Leu Asp Ala Ile Thr
485 480 495

Thr Pro Asp Proc Thr Thr Asn Ala Ser Leu Leu Thr Lys Leu Gln Ala
500 505 510

Gln Asn Gln Trp Leu Gln Asp Met Thr Thr His Leu Ile Leu Arg Ser
515 520 525

Phe Lys Glu Phe Leu Gla Ser Ser Leu Arg Ala Leu Arg Gln Met
530 535 5340




