METHODS AND COWVPOSI TI ONS FOR CELL ATTACHVENT AND CULTI VATI ON ON PLANAR
SUBSTRATES The present invention clains priority to application serial
nunber 6IW0O2610452778f i | ed Novenber 20, 2008. FI ELD OF THECITN$ENSI0&N6The
present invention is directed to nmethods for the growth, expansion and
differentiation of pluripotent stemcells on planar substrates |acking an
adl ayer and a feeder cell l|layer. BACKGROUND Cul tivation of manmalian cells
is one of many processes in the life and health sciences. Vessels for

manmal i an cel IMemomeA@rmC@MMSInomxmbRialmamrmr(&uﬂmap&ment cells are
often made of glass or a p suc for exanP pol ystyrene, that
frequently requires adQQHH%TI%@§€&4Né§t%ﬁT% %ﬁl owthe cells to
attach to the surface of the vessel. Such treatnents may include applying
an adl ayer The grédentStNchA6Eslaitr@pried@Aphlicionacisd hpb@®1/106,a81, ifin@ or pl asma
pol yneri zatjon technigues. Alternatively, the surface treatnment nmay be via
cheni cal nﬁﬁ?*?%%ﬁ%bﬁ&gt the vessel surface itself, which can be achieved
by, for exanple, atnospheric corona, radio frequency vacuum pl asna, DC gl ow
di scharge, and m crowave pl agmAD OFatHEMNVENCIONent net hods of cul turing
pluripotent stemcells, in particular, enbryonic stem (ES) cells require
conpl ex culture conditj.ons ue culturing the enbryonic
stom col | s B GRS E e g R R FeaB ) ayer - or Ton
sol i d subst diffeentitivh atgutipdidnt aomadilaygilamf subxidtadadking aaradigdrrand a pr ot ei n.

Cul ture sys%eys HP@t enpl oy these nethods often use feeder cells or

ext racel | ul '‘&F°°het "oroteins obtained froma different species than that
of the stemcells being cultivated (xenogeneic nmaterial). Media obtained by
exposure to feeder cells, that | BAGKGROUNINdI tioned by cells other than
undi fferentiated ES cells, may be used to culture the ES cells, and nedi a

Ty e S TR 8L S5 BAATT e PO, ot 2

282: 1145- 11stitnceh 9 Y8Yseld ifsrchasealtah eclt ol ltucer ﬂld(aﬁalfﬁ mebdllving iandwrake-om hunman

bl ast ocysts c fibrobl ast fee er cell layer. In

oot hor” exeteridh TR e R Rl e oD g R B 65074~ S001)

di scl oses tImyst;&&epﬂlaﬂ\ﬂ%ﬁt?érﬁﬁlxéqu)reMitioamnsmfm:efteamtenetatalm\g tieakildtosubst r at e
surfaces before f ug%_<ﬁj fre ultivation of Sﬁhan ES cel s wi t hout

di f f er ent i attfeghio BeSUEAGH e Exssimprush tigafments may ncljde appfyingap pdlayey

118: 4495- 4505the 2009, feh cxehpis & ddb@ptisie g@ftink @t plashoydlngersafislm for treating
solid substrate surfaces before feeder-cell free cultivation of human ES

cel I's wi t hoGEngveT erlisipatixely dhe surfpeg ieptinant mey Bapiachemsalopebiationoly scl oses
Cond|t|Onedmﬁeg$ﬁﬁhﬁﬁéu&ﬂﬁwmﬁh@hﬁﬁﬂﬂﬁﬁvuﬂ$9hh%ﬁﬁﬁﬂéQﬂn@@ﬂﬂﬁk%ﬁﬁﬁent'at|0n
of manmmalian cells. W?2005014799 state; he cul ture medi um produced in
accor dance FfiPHrearRICY Vecsemila oo B dischergpdnd migrevavsyplasmé cel | secretion
activity of uhdgpe cells, in particular, those differentiated and
immortalized transgenic hepatocytes, naned MVH (Met Murine Hepatocyte)." In
anot her exanpl e, Wanatabe et al. (Nature Biotechnol. 35:681-686, 2007)
state "a RC@qunhWF‘tB‘Pt‘Sd}f cplg migPRIrDgey; sl o, igipasisepaeRPIYRRIFMenbr yoni ¢
stemcel |l s’ ES?E@ISﬁj&]?m@%rﬁlﬁbgcﬂﬁ%ﬁ&ttlgﬂss%ﬁ'a?-tfé)IQ:Qa ﬂ@%ﬁgm?gotﬁ@t 0si s,

i ncreases c oni n ficiency (from approxi matel to a rOX|nater 279
and facili tettlbrmm@tteré aellslonisalyd swbpteate tyétqee Wlaﬁ&eéfrr celdjbiyefgorrﬁnﬁssehénbr yoni c
fibrobl asts é?%ﬁr | ul ar

mat ri x prot%?ﬁnﬁéﬁ¥¥¥ﬁ%?%%ﬁ?dl %Egg%%%e or |n£$ |t|a%ﬂ% gﬁgtrthernnre
di ssoci at edenmlosathesEMatiedds oftern watedenictlhorexpa@Belanwptax prajiescibéadnddr om

a7 Bvso o R 8RR IR L LB RIS el

or gani zat i omatofialhuvfedia etibngdiryi expstuentodedder cHES@) iscukdia cesiltmneébses

het ches) that inf hESC fate. Thi
ct uay dononel bGP RATRPLT e TR FR LI i USRS BTFrAEnt ation can

be controlImdhbymeb@mmeEmkm@dhﬁsﬁmnmthenmropert|es Ni che size and
conposition regul ate the bal ance between differentiation-inducing and
-inhibiting factors. Mechanistically, a niche size-dependent spati al
gradient of Smadl signaling is generated as a result of antagonistic

i nteractions between hESCs and hESC-derived extra-enbryonic endoderm
(EXE). These interactions are nedlated by the | ocalized secretion of bone
nmor phogenetic protein-2 (BMP2) by ExEland its antagonist, growth
differentiation factor-3 (GF3) by hESCs. M cropatterning of hESCs treated
with small interfering (si) RNA agai nst GDF3, BMP2 and Srmadl, as well
treatments with a Rho-associ ated ki nase (ROCK) i nhibitor denonstrate that
|ndependent control of Snadl actlvatlon can rescue the colony
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I n anot her exanple, Levenstein et al. (Stem Cells 24:568-574, 2006)

di scl ose nethods for the long-termculture of human ES cells in the absence
of fi brobWvezvm/se778ondi ti oned nmedi um using nmedi a suppl ecEntSeawbioh7 basi c
fibroblast growmh factor (FGF). In another exanple, US20050 148070

di scl oses a nethod of culturing human ES cells in defined nedia w thout
serum and wi thout fibroblast feeder cells, the nmethod conprising: culturing

the stem Ceﬂ’dr%xdrﬁbl@- K‘e'tli)lhb'ﬂ'f 8 drEtliatii SRR 1RBol4pH rQO@(D) ATTAOMAG S
vitamns, mnerals, least one transferrin or transferrin substitute, at

| east one i4¢iglil$icnse 2$2hb1&|5r1r14§d88$)|dﬂa9I0éeth?ﬁ@ltttfwﬁ@ﬁ@llﬁwI fipmdymamt i al | y
free of MRS, LEhA) mORLUMANGRANALDIOG: Bl hieast about 100 ng/ml of a
FG- capable of activating a F signaling receptor, wherein the growh
factor is supplied froma source other than just a fibroblast feeder |ayer,
t he nmedi um @@pﬁb@rteéanplﬁéﬂpmlI(Néﬁu@ﬂfﬁlewclmologvéﬂa GEI-PE PODIAAISElpYS f f er ent i at ed
state w t hoyt (fegdpsTRRIFIS aﬂﬂ la‘frﬁf?ﬂ'f&‘ t%'aﬁgg {08 's rath Qurfled fgdre €xanpl e,
US2005023 3446 di scl oses a defined ia use in culturing stemcells,

i ncl udi ng uieeller-pek Berquitivetorprfibvaee B ckliroridioal dlﬁ‘@rema@enl ELanpthessol uti on, the
media is su t Y, as; oC ei ng

cul tured. I%a}élﬁﬁi y%kgrceﬂf’fat oo 9%1 ﬁgairﬁ,?? %(I%g 6(%%3@5%&%%1&?%2@% base nedi um
and an arroumvmfsemaar:fhr méatlbasoltd SEQﬁatelsnEm:les beforriet dasabirfise culagatdnécessary to
support substan I di. f.f.er ted grow h of the prinordial stemcells.
I n anot her b%)?% ﬁS"’E h{gg@%ﬂlggr%ﬁ& Bil "I'n one enbodi ment, a cell culture
medi um for grow ng primate-derived pr| nordial stemcells in a substantially
undi f f er entinanetiersxamplei WOBPRMI HEX disialosds dondiliored snediunofar 8ot i ¢ pressure,

| ow endot ox [ t hat 0 h of

pri mat e- derléﬂ{;/&g gaﬁplrC ?r?o%g&g{g %?ﬁ d1f¥e§?q?fa{1%ﬂn¥agm£§%§?f§§| t?%r?%dsb%(():ong%ed with a
nut ri ent sestaien éﬂkeuhurvmeﬂmmpmmed 1ntah®r@nowvhhdfeppasenmmenm®r1s ved

prinordial st N Sh arsttljt%sat{l ! sen%ct fj fro tlgreﬂg)soup consi sting
of feeder cel soaencP neceextS ¥ ¥ Vry % “Eond ne P 4efTVed from feeder
cells. The diffehcntintddunt hemottalzkd gasgeminiepseaytesahanad MDA Murae

anti - oxi dan%, and a,first gromh factor selected fromthe group consisting
of nucl eosi %Oﬁﬁa)a pyruvate salt." In another exanple, US20050244962
states: "In one aspect the invention provides a nethod of culturing prinmate
enbryoni ¢ shenmthel dxemplenWacatdbe ur @s(Nahee Biossrhoet] 1556817688, 2007 wte“essenti al |y

free of ma serum erab al so ssentl al | tre of any
hnimal sor RpCkatib B S RO iR R slh o et e

Sup]E)I i eddf ][dbli’ﬁoast&(ri])d.lrre?l&ed)Hfﬂi&fmahhl?mdﬁwﬁitapaptf)m@ﬁr&i’ﬂa@e‘s'fclofnﬁgdﬂﬁmérﬁye(rj. In a
preferre rm the. fi ast fee [ evj ou ed to sustain
P ot om oo 1 (ol anhigimad $ 8 abrab TRy HRY e SRR sBe surt o eat
fibrobl ast gnewitifdrasim@mousé Em@NOLiOEbroBXATR RedcVOdR0RNBRA4d di scl oses a
defined, isotonic cyulture nmediumthat is essentially feeder-free and

serum f r ee, MAJIRFPES| mgextracellglapmatiix rhetein A Yo27634 onfpudi fsinhiRidencott i br obl ast
growt h factHcRUFEHeHERE, diQoGMEPRIand! UMD r&fte SRS Y 2763 A bk

undi fferentiated mammal i an stemcells; c. an amount of insulin sufficient
to support RjPisciechiTem agenetEiReFaMm e sHeAT @Y @ipicat ed mammal i an stem cel | s:
and d. an anount of ascorbic acid sufficient to support growh of

subst ant i al ln\anbtaeh khigpieNtceahed MM ROmst B aeldss 2007)anet her exanpl e,
W2005086845 di scl oses a nethod for nmi ntenance of an undifferentiated stem

cel |, said TUHSKItE dhibe PRAtAPe3Fatphef hymep embent steg glliifer of the
transf orm NG GFe® Webted @&ér@%enpﬁfs%lérxgﬂzvﬂbnﬁléﬁ@ tnych@d) ik QinGLRS hESCTREDer of the
fibroblast growh factor (FG) famly of proteins, or nicotinamde (NNC) in
an armount sUfS stedvedpmongratesithae dicmate ped waipatory nf BEESQdificrontstionchmbed state for
a suf fi ci enlonagRkty RlinldfiE hESCARRE FitBerfe dSRLAAT: ST Uhbposfilo | POLENt Stem
cells provi de a potential Fesource research ru% screening. At
present, | argdats dwlbelaped tetivdendiftrientiatenin & ingedntd —inhre@ng fsctpnsobl emati c and
provi des s I ese challenges is
to passageulfa?l[?lé A ([%h¥eh?%#e%%g%ﬁ%ené@g%ﬁagérg%gng|Oﬁg+1g&csté§1l ]hg%l ngle cells are
nor e arrenabgeeemwdw aredalf of antagmtiaicdnlﬂetaumCmsﬂoet@Iemhﬁﬂﬁ ang hERCdstivdlor exanpl e,
counting, transfection, and the |ike. For exanple, N colas et al. provide a
met hod for produci ng and expandi ng human ES cell lines fromsingle cells

t hat have been isolated by fluorescence-activated cell sorting follow ng
genetic nodification by lentivirus vectors (Stem Cells Dev. 16:109- 118,
2007). In another exanple, US patent application US2005 158852 di scl oses a
met hod "for inproving growmh and survival of single human enbryonic stem
cells. The method includes the step of obtaining a single undifferentiated
hES cel | , m XI ng the 5| ngI e und| fferent| ated ceI I Wlth an extracel | uI ar
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may be possible to maintain a normal karyotype in hES cells under |ong-term
manual propagation conditions followed by |imted bulk passaging in
experi menwe 2083pT78Nng greater quantities of hES cells tram/usasmeabsopassage
nmet hods, al one, can provide". (Nature Biotechnol. 23:19-20, 2005). In

anot her exanple, Heng et al. state "the results denonstrated that the
second protocol (trypsinization with gentle pipetting) is nuch |ess

detri ment al o9 cdkyoul c%da/deapgrii;iﬂ)yTha@im&ractfoh@arte iﬂeafatearbs)tt&qeéai&&pl | agenase
treatment with scratchin his in turn translated to higher freeze-thaw
survi val r ateestion ¢fiope e@wh@ge@gtyc REpEInAHHRINIED bBiFsERadits ppsgonipt, 3Bvaly 2007) .

N another GK@MRfoy FRREIANBES] HAESE! MifropartliflBESRL ARILAIRA hESC

sublines tolerant o nmplete di'ssoci ati on ell's ex It high
repl ating eﬁfniallonfeﬁ@ylge(ﬂdRNIAs&gamthDEi GMRYpndfSiniad i e avell dneekmchie withai nt ai n

their abili emCel s
24: 2649- 266%1}&1‘;%6%]) Mﬂe nlﬁ%%ilc(ﬁﬁt%er g%g’rl%%'lh‘?e‘ﬁ%@ﬁ’ga@gtﬁ%?%%ﬁ?ﬁr‘g?&6 1/ 030, 544
provi des neSmmﬂswamdomomueEutﬂmmebﬁmm2@¢ﬁkn@mt@ﬂhmnmﬁMnofhEﬁﬁﬂKhmtion on
and detachnent f a rf tainin fr at | east
about 0. g6 SRS S T HRE LBt AR e SR 7L *) east” about
12% oxygen mﬂanxmeaSMrmbﬁmhe§ﬁ9&mmygehxmamdﬂmasamﬂgmmawﬂdhayer and feeder
cells. In qgﬁ. ggdinent of the present invention, the cells are treated
with a co &bl e of inhibiting Rho kinase activity. There is a
significant need for met hods and conpositions for the culture of cells,

i ncl udi ng plihunothateemnplsticopacedi|d er 47 (1 Neurash:tﬁm:éOQSdebeled@Q) c¥i8®) and an

adl ayer, whil e, t he iur of en of he ce r esent
Moventi on” gt SRECHERBADE Pl PRt ahBenr SiGpen praBhie ot i on of
pl uri pot entneatcﬁasmmeihbaqeelﬁanphﬁmawmsmbs&ts atnesfullpakdengodin Hred, ayer and a feeder

cell |ayer, mherein t uire treatne wi th, a conpound
capabl o of vt Pac e Ao el BORK ngpekios b BERP BB o ¢ he ol anar
substrate. &QWMYM&IH can@erae@ﬁdirﬂ@iﬂécursbheuprwema tHaPWiesdkiaBon o Ovi des

met hods for the attachnent, cultivation and differentiation of pluri potent
stem cel | s HeyrahPisPuest ackiypisy R anddpdvicas aopigsitip ieemapiotith ROBIR,  fr om at

| east aboutindiBfe 3 @(oaizyhleaﬁwoahenbcﬁr{m@noﬁy Q%Btz%‘&reas@gih@ alb@oabout 18
degrees to about 32 degrees, and | ack |%§_an adl ayer and a feeder cel

| ayer. BRI EFSSPREEGRMPHCCRPIOFISEORAMNON 3ﬁ/<gd\4@nl1ra%€ﬁdw§nrtghe Ehiect of the
Rho ki nase dn%ﬂ?h{oﬂ;hold'ggea O8F abf}Roil E@%@@Qﬁca%asé he,n YTBR, §fTbryoni ¢ stem

cell Iine H1 to planar suﬁg%rates Panel . depicts cell attachment on
m xed cel | mywbroeyt@rorwﬁimlmb@d(lmwisam@um byRQ@KTettibiont ) Thepanel  b):

depi cts cel| sﬁ&ts@g%@m%ttdg%cﬂﬁ Qfdgﬁﬁ?ﬁ%g]ﬁfoué%@%%% lmméﬁ%ra ble 1).

Panel c¢): epic attachnent on | ose acetate ne es (nenbrane
No. 5 in Talflcell d§ath tatieht leist padegdiyonasliatel throagh the RirefRO @hpgplovaycar bonat e

menbr anes (Mgngve?’,pﬁ aﬁlgiinn%al grans]rqr%rp[ t?onlr}l?def)ﬁ\ﬁl?bltloer) %ﬂ%%&&/%? Rﬁl%k)(l attac h.rre nt on

pol yet hyl ene tere e 1). Figure
2. shows t Imipmfesises:etcumfapblbtemﬂbfcgrwedaslds |Aﬂur tramspranm@ﬁ?iﬁﬂormacrbhe att achnent

of the hu ni,.c stem st er nenbrane
Crrenr ane NS AP By EhGTR EBin it it Ga R Bef Tapb 8RS 1 & contr ol
wel | . Panel R(b(i:K 1ﬁiﬁm16ﬁ sls€@ippreadet gmiproen teniiadteddsl th&e infRainetbrii t h 101. 1 M
Y-26732. Panel achpent for .cells with 201.i M

Y oarse mgmah TaRB i tre Turi S et GEEon HisdhERan enbryoni ¢
stem cel | |d1@ﬁl1ﬂr@-m@ﬁmW\%|sGE|;\(aﬂ Hf @orddedlSkIctReplacsadit heldppe) and on mi xed
cel lul ose ester nenbranes (nenbrane No. 1 in Table 1) (dashed line). Figure

4. shows t ded chronpsones fromrepresentative cel I t he human
orbryon . ST 8 1BOsOE AR NG b TPHER G coraa st febthatifienmsones. from
g cell CU|htplﬁ@d)teﬁhlﬂstMﬁ\-EEiﬂsGELl(el‘ﬂatﬁ@@FteﬁalfHlﬁjfl agaseHOForleQém@slsagjiﬁs‘m kPanel b):

epi cts the chro roma cell culture n mxed cellul ose ster
menbr anes (%&EFPE&%‘%% 9&#&8@3%}%%& C 455 9% ﬁee%igi@emrc-q FgGHEEsCliShows t he
effect of t{6stRAGUkLO]BEOIIBERE-EAT bR LIGBbS EQtellsh@mayman enbryoni c
stemcell line HO on the attachment to pol ycarbonate nmenbranes (nenbrane
No. 7 in Ta#fferentjatiopane| a): depicts cell attachnent in a control well .
Panel b): depicts cell attachnment followng treatnment with 101.i M Y-26732.
Panel c): depicts cell attachnent following treatnent with 201.i M Y-26732.
Figure 6 shows the effect of the Rho kinase inhibitor H 1152 on the

attachment of cells of the human enbryonic stemcell line Hl to
pol ycar bonat e nenbranes (nenbrane No. 7 in Table 1). Panel a): depicts cel
attachment in a control well. Panel b): depicts cell attachment when

0.030,4 of H 1152 was added to the medium Panel c): depicts cel
attachnent mhen 0 1uM of H-1152 was added to the nediuni Panel d): depicts
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(menbrane No. 8 in Table 1). The figure shows representative data froma
single experinent. Figure 11 shows scanning el ectron m crographs of the

pl anar swetznmmEs778f t he present invention. Figure 12 sROBASI@AUBIORT

el ectron m crographs of the ULTRAWEBTmM pl anar substrate. Figure 13 shows
the effect of the defined nmedi um mMTESRTmM on the binding of cells of the
human enbryonic stemcell line HL to various planar substrates. DETAILED
DESCRI PTI ON - Qifer i€ bﬁlb{lré)gyst‘éhl%?dp@c?y@ k&umand n%ﬁunp%plﬁﬁﬁlef%d WithgtRdhon, the
detail ed description of the invention is divided into the follow ng
subsect i onsfagthgcappblecf ipranasing ithe|nyeliferatien Q,f@mbé)ioﬁlcfséeaft Qﬁ“és enbodi nent s or
applications of the present invention. Definitions "Adlayer" as used herein
refers to apdraysfiplt, @kod & 4.9BI0RABE DOISYNHASBIoRENE. 513 d4dg s At e, by
attaching nol ecules to the surface by either covalent (also known as
grafting) of00AbHscesyalfesder-qedifive. s¢ cqtgeesyrtpnibrichsagslls abl ecul es used
i n making afAdlRY i uiHliidiel %A RRombR iRURkPLBRARMS: ARh ARRLSS, whi ch
may include, for exanple, extracellular matrix proteins, amno acids and
the |ike, agTGWthd‘nct@‘ﬁéméie@érrlgmm@:Eﬁ eadl seuetgwak, for exarrpl e,

pol yet hyl enei mi ne. "13-cell |ineage” refer to cells with positive gene
expressi on Ifn%othéleex%ﬁleslﬁ-‘ervb&?éﬁél 4 88t g\laf?ircéﬂ'é)& %6@@@’4 Qboé)%ﬁélbse%&héﬁs the
foll owing transcription factors: ROD, |SL1, HNF-3

beta, MAFA, fopxdongdernpagigre afbpman B&pﬁrlbs%th@gbm@q@rf@rmtsa?ét eristic of the 0
cel I 1§ neage,ihdddfedhus afeRbb R FERERT DI TRIRL 60 @GheT T stic of
the defini ?Q?)\l/lel enéélqﬁ%rm %‘lsn gge é}ge usecﬁ1 herelglﬁ %r to cef’

expr essi ng &GF).east one of the fol I owi ng markers: SOX17, GATA4, HNF3 bet a,
GSC, CER1, Nodal, FGF8, Brachyury, M x-1ike homeobox protein, FGF4 CD48,
eomesoder m aﬁ&%§ﬁmpl%00§@i%a70 C%TCA@S &éﬁﬁftef CGIt{ﬁllﬁg’ huldaq %}S Qfis OTX2.

Cel |'s expressing markers characteristic of definitive endodermlineage
i ncl ude priiridefined readiaegithopt seewn sisk wiglsut ﬁbrolplﬂ$trf¢eﬁpwllsﬁheera¢4h®el | s,

mesendoder LOLL S r ng markers
characteris g@lnls gaﬂﬁua%%&e%%li\égusgﬁggg@rgn]ﬁ%?#élacoma%g a%uuglég’ aﬁ@?del n, refers
to cells exqwlcms&tangnsamlﬂemat lweorwftramkferrfnair Itr@nﬂfengn AeEbs e resat 1EEXIne HNF1 bet a,
PTFL alpha, i [NEGy i iPobeidl. HBR e Gl EXRESRAL R DRRKSL S, ShaLACt eri stic
of the pancreatic endoderm I'i neage 1inc n&le ancY cen o ermcel | s,
primtive gutuni akiecog@lnie, at &oast abmﬁtlé@ ng'ml Ha E@Etapab]lelofactivmfg abiGh ve

endoder nt' sed herei i C r the characteristics
of cerl 5 arthEE Frair wieah sy by o Bt Fr e AAPER £ or m t he
gastroi nt ess ﬁlﬁraﬂ)lasttlf@dér layed thdlﬁe(ﬁﬁhlsu[ﬁiol'tv&ﬁle pigifdratichio? etemrdindi@am cel | s
express the fRJ W ng narker I-(f%l @ Oox17, Oerberus, orxz,
goosecoi d, fefen“ gfateyy OWIf%f_ Ceuﬁ’%‘&“@ﬁ‘?? 8GR i ne cel I, or
"pancreati c hornone expressing cell"”, as used herein, refers to a cell
capabl e of xpsteasixngplatU$xasa230aes dfcldstea de@lnbd)mbdnguztbﬁﬂmmmrmg nsul i n,

gl ucagon, sonmatqgstatin, a ancreatic po tide. on| C
Indodornt Seomedn: ekEhs HErERERE N R G st T oBTERelS g at

| east one OhedihR shisrkdn@iynigotoTE kesoRipaDXT the N ceDy beﬁ@a@uredEﬁd acel | ul ar
matri x proteins” reft%rs t.0 protei naceous nol ecul es normal |y und bet ween

cells in th& P Rarfiparmedim FMPrises ¢ Rese Meditaranan f“in%“néPg?aéPns can be
derived frOcB'ﬂbh;‘s@FG?; inR@Yanllabdodsic adlRéteRany th Appe iMlaBiialll 00d, or nedi a
condltloned by non-reconbi nant cells or reconbinant cells or bacteri a.

"Mar ker s"  awdiféscntinier efowth afrthe pimapidiatstemicellsor pol ypepti de nol ecul es t hat
are differentially expressed in a cell of interest. In this context,

di fferenti ah J8XREQKEMPIB, MOM%%td‘[dﬁCFm@@mb%ﬁkntf DtclfeuR@RInkddyen mar ker and
a decreased | evel for a negative marker. The det ectabl e | evel. of the marker

nucl ei ¢ aci " 8Os RiisR-ferkred Brimerdsal e gelisyn gisgentigly yndifirentiped he cel I's of

interest cofnalssy \Il&bd%f'&lrmélﬁdés%dov’@Hé%ﬁbtfc@@éss&r@‘?o&‘é‘ﬁdot&fm ﬂ)d@fc%e%ﬁim can be
identified and distinguished fromother cells using a a variety of

met hods knot#t i ?fchﬁée tarStIPPOI’t'T%@éwﬁbﬂéflma@élerweda@l%é@ﬂﬁ@aé‘?lh Aéters to a
e P 2SR5yl £ 250 BOP R o bR QLABNIRGNERD kios i Svneprresoder i n
(EQWES), SOX-1 eta, GSC , TR6 ancreatic hornone
secreting cmmate é@lméeumh@naéstnmrceﬁm atsgb%rawébllectcéﬁarblﬂ@ gpupsecreting at

| east one of the follow ng hornones: insulin, glucagon, somatostatin, and

pancreatic pol ypeptide. A



"Pre-primtive streak cell"” as used herein refers to a cell expressing at

| east one of the follow ng narkers: Nodal, or FGF8. "Primtive streak cell™
as used hwoeprn/osefers to a cell expressing at | east onepofi/usb@ofneiobowi ng
mar kers: Brachyury, M x-like honeobox protein, or FGF4. Stemcells are

undi fferentiated cells defined by their ability at the single cell level to
both self-renew and differentiate to produce progeny cells, including

sel f-renew Jbﬂmﬁﬁr&gﬁ@éeh&rc’éﬂs eﬂl‘ar&n RRRWING RIROERSRAER deANd ek feamal |y
differentiated cells. Stemcells are also characterized by their ability to
di fferenti atels. T'nhﬁ\mﬁtqﬂ@n futher iglidasingpegbengiall amynepicidpagn Atisoxgdant, and heages from
mul tiple gesm daya So G RRRA0e 0 ( omLigil FAhAdRIda as to give
rise to ti séue‘%srg‘}&?)ﬂ C§t| p e grermﬁ?érggf9 Oq?l oovmﬁng tran%ngfazptatalieon and to
contribute ®lifstantially to nost, if not all, tissues follow ng injection
into blastocysts. Stemcells are classified by t heir devel opnent al

pot enti al al%an&ti]x%r R/ 1@%%@502'1@@&' SMfesABY Lo Qs MBe fﬂv@rﬁloh%rd%des gmbryoni ¢
and extraenbryonic cell types; (2) pluripotent, neaning able to give rise
to all errbrlyet p&ofeal wrlrtame@te qmnrym fttﬁ'?fpé@éntoneﬁ'elam’?sﬁbe %tmleeltsongu ve rise to
a subset of , rgan or
physi ol ogi ca ﬁllsefégtegﬂ%ﬁ?%%r% oé%gfnnf&h&n #aﬁ wnﬂngﬁ)rgft%fayygat%eoﬁcﬁg%é eﬁ@q%’ﬁ§ ) can
produce pr orglemylmahaﬁrummdumélelﬁ@@er(csef ﬁbrobleﬂ@wad't)l fachir dediscepilied est ri ct ed

ol i gopot ent |1 n n pl at el et s)
that are not}(?rnﬁ?g ghis Og%%rrtl nJu tfRPO%Laft fte%%%FE(%) ?%?Pr%fr% ?zor{{" thr‘q‘reanl ng able to
give rise tﬂbrablmbf@derré&}ter |pcetveﬂ1slsmémm‘bd ofsugteila stenrx&ag;ahurb harenderbd | pot ent

stemcells; and ent ve rise to a single cell

| i neage (e. @mecessgaf?)el?yﬂﬁ?%gdé dfg{‘% ﬂ?qr@%faﬁﬁow &Stiation is the process
by whi ch an unspecialized ("uncommtted"”) or |ess specialized cell acquires
the feat ur els aofther espreplc AVIO26QS0683 14 dsathesaasieﬁh@i isepoairpulyre mediver ve cell or a
nmuscl e cel 'thaﬁsé" e];nfneaﬁefe': e"%‘tﬁ%ga%f di ffeer: ecn;tnl atlhon i na(gacnee 1ceI I ai s one that
has taken on-a AOre ST AI 28 s(e‘“%:om%’ te 8”3 %)OSIIEI on V\nlf“ﬁl t he | i neage
of a cell. abwentefbavic ﬁbfm’iatsttgedvﬂl fudienutfipehi ©dupporttdievthodadsantoiily

differentiation, refers to,a cell hat has ceeded.iln the differentiation
ot oyt o Bt B RS ea A Db R Tt | e € 6
differenti agrewihrﬁf@ulﬁta&iﬁﬁgfl niFfeetibted mpmngnarssﬂéaﬁ edlispdndcehd ahypest and

cannot, under I rcunstances, differentiate into a different cell
type or rev"é?‘fr ‘P&C SP@?“HPF?@P@@W &f S@étﬁll‘tlaﬂlﬂi%dlffﬁf@n%t?df erentiation
refers to thgnREEGEES &Yswhich a cell reverts to a | ess specialized (or
comitted) position within the lineage of a cell. As used herein, the

| i neage of defin ty of th |chceIIS|t
came 19 rom aﬁ %fteX%IBPng\EI p%@é?%%‘i%\ffés S P! Odrtﬁemﬁ’inf‘?(@?ﬂfg Oxé\?n a cell places

the cell W §daifferéntiBRl SEintcan WaRIGhen® ehpeavetgpmeat sendelid { @eapdd ation. A
| i neage- speC| fic marker refers to a characteristic specifically associated

with the ph ﬁ%ﬁtwéfoaeméérqveh Barctoabﬁ%gé@@ fopily pfspteia. adpdnReanf B8 used to
assess the GHrbbig eriwREcRP (FUF)#ilNGQAITRhS, 8 ne6lidanti® (NIE) tnlaHaRGENtOf

interest. "Surface" as used herein refers to the outernost |ayer of

nol ecul es offiiciens g mristaindhe eplldn gryrdiffereitiapdistafodor hidhded amernteée in cel |
culture or gpaloyshisve A0Lir&l €Nt al conposition, the roughness, and the
wettability of the surface can be analyzed by X-Ray Phot oel ectron
Spectroscopy (XPS), Atom c Force M croscopy (AFM, and contact angle

measur ement lufr*@éii’éét?m\ﬁéll%ﬂ’mvﬁ?%Bﬂ%ﬂt{abﬁeﬁ%@rf@r igearshend dagsFEsiEel s in

cul ture. " NyjntRp@ scﬁlgfcl‘?lfﬁln?%ﬁﬂrﬁ‘a{nlﬁ’s ¢ lﬁlgf! i %r%h%ﬁg ahdprBvidéOWM h medi um
under conditions fha facilitate cel rowm h and/ or division that may or
may not res%$ﬁmﬁﬁ1@wﬂ@%g%rAp@ﬁ@kﬁ@h@ﬁnﬁﬂh%ﬁéhﬁbpg§lswﬁﬁﬁgﬁgmﬁg refers to
the process: flychfMMAL:S O fShsfe LIOMARE SNl VSRR ANfhnMACI NG { hem
in a second culture vesse er- condi t that tacilitate ce growt h
and/ or di V|msmulmreswmqmscsmbpmIfmwc@mplefcoumirigst,rarxsfecepmerld the likee, is
sonetinmes referred to or characterized by the nunber of tines it has been
passaged. %ﬁﬁp| H?Hﬁ assaged
ten tinmes %ege rel\g?orliS ?obgbgﬁg algl%léﬂogu bl %%& Q)r?ﬂlalrlr(glr yhlgg%{%éf)e i.e.,
the first celltlinesirérpbinglgicolly thatdayshsbaisploted by ﬂeellemn@r@hwwds@lle is
designated PO Following the first subculture, the cells are described as a
secondary culture (Pl or passage 1). After the second subculture, the cells
becone a tertiary culture (P2 or passage 2), and so on. It will be
understood by those of skill in the art that there may be many popul ation
doubl i ngs during the period of passaging; therefore the nunber of

popul ation doublings of a culture is greater than the passage nunber. The
expan5|on of ceIIs (|. -, the nunber of populatlon doubllngs) durlng the

S o oy e



I n one enbodi nent, the attachnent of pluripotent stemcells to a planar
substrate containing up to about 12% N, from at |east about 12% 0 to at

| east abowD 26BR650778a cont act angl e from about 18 degr ee®CrawsSalmo0s5082
degrees, and | acking an adlayer and a feeder cell layer is enhanced by
treating the cells with a capable of inhibiting Rho kinase activity. The
conpound capabl e of inhibiting Rho kinase activity may be renoved fromthe
cell's aft e_rso}thl%)fpllﬁﬂMﬁ% adRChSGificatdf b AFROHRA EBRABIR @fiisiDebi B fgong Rho
ki nase acti vi ti/ is selected fromthe group consisting of: Y-27632, Fasudil,
H 1152 and Hpdi®yfasudil. In one enbodi ment, the conpound capabl e of

i nhibiting Rho kinase activity nmay be used at a concentration from about
0.11.1, Mt opaheHér egggﬁgle,hg%at&n aPFIRaRINOSHOIEMHRRS L MG18ks 4 BRfbd efoe compound
capabl e of inhibiting Rho kinase activity is used at a concentration of
about 101. limprovargravthent syvivakpfsmelehamph grbpy oggpistycaliesThsimathid present

I nvention 11008 1@ RQUrTBAMing \6n Bl GIFIRLalia MR InARinQ thelsigISUr f ace of

t he planar substrates of the present invention may be anal ysed by X-Ray
Phot oel ect rodiffpatinted sdbpih ixpgpceliipsmatixge chasomnssdbe Ellesdr on Spect r oscopy
for Onem oo flcSnik R o rebfor USIRL %y AT RGubn dGREHM ne_what

el ements or atons are present 1n the Surface of a solid substrate (all

el enent s i nencoooeent’t. at i ons greater than 0.1 atomi c percent can be detected,
except hydrogen and heliun), and to determ ne the bonding environnent of
such el ene : gg}gg i 40f surface of
t he pl anar nlglzdggt'%l ?%%(glgﬁlgTélt uce)é?glr' sen'(tf1j e?ﬁ@%\;’itlﬁgﬁ %Oéwgg&gﬁg{%ﬂiﬁ%by At om c
Force M cr ospapyf thiaFMmarSis édigdonas, dliS 3ol 3oind dJl desivedl fromahd perent al

| uti : t : [ to 0.1 A b
maged by ALRen Sy Ra eI AR GETRLAM PROMBY L8 St ace of 1 he

pl anar substrates of the present invention nay be anal yzed by neasuring the
cont act angfeweven pasxgerapil eultusoof atan Edgicls grsinsiprashelsedsiyg getstic st ati ¢ sessil e
drop net ho (P i i he. | 1 -1 surface of
a solid sug%bﬁlé%?agqgsiagdgﬁ ﬁqu{)%ﬁ‘%fh%?ﬁ‘g“ C&b(r?tug@{e%é%gil%éggreeg% I aglgmttﬂg shape of a
| i qui d dr opmaieshinagofplutifveensy pfidagractaf stabildy sGenethllyupssagavehunendS s t he angl e
of contact (%:il lithSSislcinqitljliﬁtgd r%gntahg 0?}%5‘[{1%(1: 8 %Iic ggré:gtsssgcléli a(g 3 at)ggﬁgsg te, measured
within the Tiqurd a e contact [ine ere i quid, “soli™d, "and gas neet. A
surface w tlibceastvat dspasont act angl e larger than 90 is terned hydrophobic,
and a surface with water contact angle less than 90 is termed hydrophilic.
On extrenel i ] ] rfac ho a high
Attty Tororaane it RH REEP el lB} pf RanSble BT Rl MELELR 2 felt ve
cont act anggai afch@mosdme dTpinelrbotidependent bireanageydinkestahegléeslemsi ty of t he
surface of the planar, substrates of..th res. i ntion may be anal yzed
by Imetasuri n%vet1 (gep?nedagttO!C\(}?Sfoﬁl;'o%ﬁ%tﬁrg\ﬁsiﬁﬁh3§1e3§/§?'§4’92?§?t aL_ vido![ et. Cr%/_st a:
violet carries a positive charge, ich enables i 0o bin 0 negatively
charged nol lseubteer camuplpaBuzgardier afoitac uivedpvd anly exadgitctsd anegayptypd y char ged
e A N 0 AL ot SN Sl A
surface w tdiva thawucmythddl arevdistiretly dgfaeint from yhosgined by tnivat othdrgraips.f aces have

t he sane r hness and thus area. Pluripotent. Stem Cel|s aracterization
of PL i pot VoA S eshdt B E g eHier SARRdin SNy Teltp EbE Bk or mor 6 of
Ei he st ag Ie- sthe eddeiof a@fﬂélé%pipét(‘ed.alﬂb E]@Qﬁﬁtciic( &SEA)]icaIGrgaﬂodg,of wmiﬁgﬁkm(ﬁrnﬁ

et ect abl e using anti hodi.es signated Tra-1- . and Tra-1-81 (Thonson et
al ., Sci encl® PEOPipg Intg gupin t%i?i!l-f QP%%P]i%tP%ﬁhl%’F%F’tPﬂar“bg’Féﬂ't‘“@t emcells in
vitro reSU|éy%éeﬁbtfcH&ilie@é&oﬁﬁS%ﬁEﬂmﬂES)-Eél@sin%uﬁlﬁnds’i’n?\IaTlfr@Bﬂot&in&Xpr essi on and
i ncreased expression of SSEA-1. Undifferentiated pluripotent stemcells
typical |y W !a%at90%k phosphat ase activity, which can be detected by
fixing the cells with 4% par af or mal dehyde and then devel oping wth Vector
Red as a sulshédéexadle MasMHobLE A Ytatdebimpadsacd MERsds (e b&beth@bor at ori es,
Burlingame Calif.) Undifferentiated pluripotent stemcells also typically
express OCTguRipid cqlEpopulagignspdicpettendedpasteas preulturg, Bitiey b§ass419b e phenot ype
of propagat @dr@tpefibRQhStat Ra&Ms pelshs) WitbuPQIngRbhRIngtR @kfd@ieenid ate into
cells of all three germnal |ayers: endoderm nesoderm and ectoderm
ti ssues. Pluripotency of stemcells can be confirmed, for exanple, by
injecting cells into severe conbined i nmunodeficient (SCID) mce, fixing
the teratomas that form using 4% par affor nal dehyde, and then exami ni ng them
hi stol ogically for evidence of cell types fromthe three germl ayers.
Al ternatively, pluripotency nay be determ ned by the creation of enbryoid
bodi es and assessing the enbryoid bodies for the presence of markers
associated wth the three germnal |ayers. Propagated pluripotent stemcell

o . o o



I n anot her exanple, pluripotent stemcells are cultured in a culture system
that is essentially free of feeder cells, but nonethel ess supports
proliferavoanioafsopBuri potent stem cells w t hout under goiPag/usaotesveT al
differentiation. The gromh of pluripotent stemcells in feeder-cell free
culture without differentiation is supported using (i) an adlayer on a
solid substrate surface with one or nore extracellular matrix proteins; and
(i) a medi Mg@ GORAiible @ RdinAY £Arnbr laRS ok SY eIy i bn@nahhgimee! | type,

or a non-conditioned nedium for exanpl’e, free of serumor even chemcally
defi ned. | rPrappgatianegopditiensdptiyerididimited bulkinstseging insexpp eIty 1qEyiee cul t ured on
a planar s ne LS 1 I i.tim condi ti oned
by cul turi ﬁ%r&g%e ulﬁrgtﬁgf ?ﬁ{w t eﬂsaﬁg%ﬁig?&g %S%g?%%éﬁﬁ%siogk%gﬁp {:Bgﬂfgi'ti oned

medi um f or(NegegBlotechial £3:19F205200%m or even chemically defined. Culture

medi um An exanple of cell culture nediumsuitable for use in the present

i nvention nﬁlélngtﬁerfeghlrﬁﬂle,i MendS200490 “@d Ik u it BloNGFat MR SeQfngcel | cul ture

medi um sui table for use in"the present invention may be found in US6642048.
Anot her exabrploeol ¢frynswizationwith gentirpitictime sigintugh lees dasmendd t¢ eellulse pr esent

i nvention : [ : fmeel L cul ture
medi um sui Fﬁ%ti@?fﬂgagqg%gIﬁ?srt]g%%ﬁoggg@é@%%?ﬁ? ﬁ‘é\}g%%}ﬁév ﬁﬁ)r%aaggh@ggthﬁlsehitﬁﬁXu et al
(St em Cel | strid@lated 7RhigiB0 fre@ROUIwW suivivtlivates. e6Biotpthmoloty eml Apmdiglit ur e medi um
suitable fox. use.in the t invention may be found in U5200700 10011.
Anot her exg]{)’rrlygiL'41(a(3’%lc1)sftrycigﬁe3 j(%?@t? ‘e medium suitable for use in the present
invention may be found in Cheon et al. (BioReprod '

DA : 10. 1095hbngheraprople 106 cO468T7 @/ sta9, ‘Bstha@oBblishad bERESsuldmanpl e of cel |

cul ture nedj i t .Qr. . i - ] At . found in
Levenst ei ndﬂgtémgf&c() %’?k?ﬁ %‘gsloflgé @4;1%%%3‘_%1%%{‘?‘%;%%&1{3&%@&%{g?l&@’gﬁ% e of cell
cul ture nedilsmhiguelombg effitioncyumd they niaeaip tlegeability owiidrerontematy thee f ound i n
U8200501480t?1% Afnofaheerg » B8 eﬁs ?j‘%bc&[%{)}%%bé@re medi um suitable for use in
t he present I HreEnt ifon™ y Beround 0233446. Anot her exanpl e of

cell culture nediumsuitable for use in the present invention may be found
i n US680048@.angthatciemplex@$rpitenteppleetién @d30Opré proedicumetudsaldl e for use in

the pr E'\Sentcolmm&%e ngils or cq:?)é tbc% { r(?tutroldcu.ﬁtRfatLijos Zonoa?ﬁ%é‘é&%m ﬁ‘gr(r)ltahs%fid exanpl e of
cell culture i O U ABTR O U PR R present 1 nventiton may be found
i n W200506mB8rte siinfatchrentagx@nipdne atdéascalout @ Wotnitragemedibumas iehgtdbloe for use in

t he present .jnvention e f in 2005086845, Suitabl e culture nedi a
my ol o beHiata 79 Bimepter s g Bishpoflart ool S5 £ 8P xanpl o
Dul becco' s lagkiig inedlafzaging ‘fisederdily nn Ve o dirth 0 Oth# pii&h inveRidin, taockout

Dul becco' s dified Eag]e' s nedium (KO , G hco # 10829-018; Ham s

F12/ 50% %?f%fleatﬁfgﬁﬂ{} HOQWHWH?EQOG%%@,R ¢ 3CYEY39- 027;
non-essential am no acid solution, G bco 11140-050; P-nmercaptoethanol,
Sigma # M/5Pire kharinifice oodi foamethbd&sind cbmposithing &ir tigroaisiida of edisor ( bFGF) ,

G bco # 132.561- 029. Different Llati nbof PIF i(ﬁ)ot elpt ten%Oel Iva}ﬂl n one

embodi ment Bf4iiE PIFRLEH S CPReER N BHAPSHICE 0 {?8 AT Bef % YEaYE pr opagat ed
[ ][1 Cﬁl tur leimk(ﬂi!:ainﬁlgfmé ﬁlhﬁf)diéﬂgg ogfheicéusplmg bfg@éngnﬁymio@pmﬁs rethoPd £oF | Eot IencyI
of the ce with tinme can be determn y detecting changes in the |evels
of expressi B Lo s meayian S EF TSR EEORp IHURURY O EREYRN PMYREY nat i vel vy,
changes in @bifakdd McRME Y¥in SRy P and PR c8HIabY, FRSr8a HiNGChPNgeguird the | evel s
of expression of markers associated with differentiation or narkers

associ at ed WFetrerangh pepmp@ind cepble of inhibitngRhodrpase actvith JHptaerie bindl ur i pot ent
stem cel I s ghe RiRPaBatRd in culture and then treated in a manner that
pronotes their differentiation into another cell type. The other cell type
may be a cell expressing markers characteristic of the definitive endoderm
lineage. Alternatively, the cell tS¥¥M@d§Ybe a cell expressing markers
characteristic of the pancreatic endodermlineage. Alternatively, the cell
type may beman€ehbo®xpitess piRenbRk&eios pedvaled fle@bistor the @ftachi@ntpancreati ¢
endocrine lineage. Alternatively, the cell type may be a cell expressing
mar ker s chaq*%leiag?ri 4 diftegentiation ef plyrmofent jtera g é.to pPRRISERRY stem cel | s
treated in @aeandans Wb 2d.he it fods: BHuitine, OreHedkt bV EIILi ONa My be _
differentiated into a variety of other cell types by any suitable nmethod in
the art. For exanple, pluripotent stemcells treated in accordance with the
nmet hods of the present invention nay be differentiated into neural cells,
cardiac cells, hepatocytes, and the li’ke. For exanple, pluripotent stem
cells treated in accordance with the nethods of the present invention may
be differentiated into neural progenitors and cardi onyocytes according to

t he met hods di scl osed in W2007030870. In another exanple, pluripotent stem
cells treated in accordance with the nmethods of the present invention nmay

1* £ £ _  __a a o, e Y o S  ~



Pluripotent stemcells may be differentiated into cells expressing nmarkers
characteristic of the pancreatic endocrine |ineage by any nethod in the
art. For weanpls9778l uri potent stemcells may be differerciratseaionioe7 cel | s
expressing markers characteristic of the pancreatic endocrine |ineage
according to the nethods disclosed in D Anour et al., Nature Biotechnol.
24:1392- 1401, 2006. For exanple, pluripotent stemcells may be

di fferenti atgfhc dﬁ%f&ff‘o%éb%uﬁf@de%ﬁééé RALIRIHS QL Sre&hAAGIKE a%tald &fanli he
pancreati c endocrine |ineage, he met hods di scl ose DyArmur et al.,
Nat ur e Bi otfeedenedlllagd: 1392- 1401 2006. Markers charact er| stic of the
pancreatic endocrine |lineage are selected fromthe group consisting of

NGN3, NEUROD, 1SL1, PDERigMN§ECRIPIASS 0NGNE DRAGVIRES 1 al pha. In one
enbodi ment, a pancreatic endocrine cell is capable of expressing at |east
one of the follow ng hor - Lnpsulin, glucago somat ostatin, and
pancreatic %S‘i‘r)%m%?"i’stf@e et%% %B? gg"? g‘f’aﬁﬁé@gl?lf?rﬁﬁbl%ro@é@ﬂ“a?hﬂﬁé‘h?ﬁ Bh is a cell
that expr esggsandbhRagtst@n&1ahe Hhao PRGBS HGRAT PabEd)l atji&s edil the pancreatic
endocrine |lineage. In_one aspect of the present invention, a cel

expr essi ng %*&?W%%ﬁlﬁﬁé@@@l@seewe BFMRIARSS HEFEPraRg Ne Qelﬁéré@PllhePaFlFlneage is a
pancreati c ®ndEGEd BAI &ﬁbﬂmen?&?nﬁ@ﬁ'ﬁ{eﬁﬁﬁahé‘s (BRABENE RS, £ TablBY. Pfch
pancreati c hor none-expressing cel Al ternatively, the pancreatic endocrine
cel | may bec)adpraeieeadlatiaghnipyt wbeﬁélu@ewcetatmger@lemes (memyiaec Nepaeilable t he
present i nvgnihofy). tc{%@cg%ﬁ%@&Lh@m%ﬁ%‘é}&&rﬂ&la&%‘%mﬁrﬁ R (56hbrafXRE €851 Ng

mar kers characteristic of the O cell "I'Irneage If expressi ng markers
char act er i sinileblefl).t Praclos)c dérlicts ¢allettgehnesnperemdesthylkiDx tereph¢hatate | east one of the
follow ng t i.pLi IS l;{gﬂ\l% NKX2. 2, NKX6.1, NEUROD, |SL1, HNF3
bet a, mFA&%ﬁ&Eﬁésgﬁéﬁ%&%ﬁgﬁr% lfcl)rTle as%)ect of the pr esent i nvention, a cell
expressing markers characteristic of the O cell lineage is a 0 ceII The
present i nvideuriedn shavsithe effpet ofithd Rl kinase ehhithior Yrdst737 pmvibe etfachipenttdfe f ol | owi ng

| es. Lc St Cells t
te )r(ugngl S?lar E[é@%?t r a ngg%g?é @ﬁ& C%ﬁi‘i%ﬁ@%%ﬁ?%ﬁmﬁm%p% (r:IaS eeimnhi bi f or °

Y26732 has (pespraldienl ioladthBnfend he chpma(chlwmchménthmmtlehmlyoni c stem

61/ 030, 544) T P s P PHET b SR st e RaBPLRRET R on vas 10

det erm ne tdkelc@sbjehla&aeh@ltenthumns SEduAOIR 20,38 §mayedls to atta_ch to other
pl anar surfaces. The planar surfaces tested in the present invention are

shown in Tabl e Prio to.festing, cells of the human e onic stem cell
line HL cellf'§Us Hfteeﬂowe“geé) i Ruimea cpPLOBIS SKBLic nﬁ&‘%@\ﬁt Iha 1: 30

dilution ofMgrmGEL@ @&aftéarsuff%gﬁﬁd 1IMEYTIRY GREldikdd- celf@bdeestoemembRggied onto 100
mm cul ture dishes in condi ti oned nedia supplemented with 20 ng/m
bFGF ( VEF- dNrestbegny NoThén Bablq 1 (dashed 16t ured at 37C in a hunidified with a
5% CO2 at nosphere. The nedi a was changed everyday with fresh MeEF-CM bFG-.

Once the cefibgreredkdrdh@QpafaddthiotloyoBE%amoRbl@raRe céiRef arllumaner e
passaged by treatnment with Ing/nil LIBERASE for 5 mnutes at 37C. The

di gesti on vRPTEQMOEEE CHY of Bivole K- %S e FPistEhdraneamshioniege ng t he
cell s w th MiGrGUh AEGFRIGENE Gakl Surlel Rr 0 bkl 1TRONA §6 api ng 0 10
m MEF-CM bFGF and transferred to a 50-m conical tube. The cells were
cent ri f ugedhamaomges o rgelbeyiyedsm raixedgsilaloshestes mepibrangemembradiem a pel | et .
After the RUPEl pi@NtoMRSpLGoRYVed, the cells were re-suspended in 40 n
MEF- CM bFGF and evenly distriButed in four 100 nm cul ture di shed coat ed

with a 1:30 dilution of gfrowth fact or-reduced NMATRI GELﬂr) Cells of the
human enbr yOETE Ssekayyscls §tfact ofehaRhalapase sbiiion Yent3d onsellsefithediyanag| anar

substrat es e?l@c;r{(ttf?cr {tén k1 ﬂ_&t}llgaor{]-the @ﬁacﬁm@ﬁ'@?@l ca%on&t@%e%@an%? I'l's/ en2. The

pl anar substra | acked an adl ayer and robl ast feeder cell layer. The
cel I s were (@gmbignedNo A invEsbledy BrgEakglepies el paghmpvia conyel welt.ect of the

Rho ki nase iR e pl anar
substrates l\b/\aglgl h %ﬁ%?@u%%?gg&:%g%agﬁg{ ﬂ{léﬁwﬁé?'u%&%@d to seed
t he cells. (ﬁ@icls&em@tt&:hﬁﬂehtdmmﬂmh@trainﬁlaﬁhv11fh(2|0u]2/[4Yl26$32.After this time, the
cells were fixed with 4% par af or mal dehyde for 5 mnutes at room
tenperature. The cells were then stained with 1% hemat oxylin, and the
nunber of cells was determned via |ight mcroscopy. Wells containing
vehicle were included as a control. The cells of the human enbryonic stem
cell line Hl attached to the followi nd menbranes in a Rho ki nase i nhibitor
i ndependent manner: m xed cel |l ul ose ester nenbrane (nenbrane No. 2, Figure
1, panel a); nylon nmenbrane (nenbrane No. 4, Figure 1, panel b), and

cel lul ose acetate nenbrane (menbrane No. 5, Figure 1, panel c). The
attachnment of ceI S to these rrenbranes was enhanced by add|t| on of 3uM

1T 1IA AP~ 7 &~ — a o Y oy




cel lul ose ester nenbrane (nenbrane No. 1) at a density of 150,000 cells/
cn2 in MEF conditioned nedium The planar substrate | acked an adl ayer and a
fi brobl aswofzemdess776el | | ayer. The effect of the Rho Ki nase/usaénolosioer
treatment on the attachnment to the planar substrate was exam ned Cells were
treated with 0, 10, or 201.i M Y26732. After 24 hours, the cells were fixed
W th 4% par af or mal dehyde, rinsed with PBS, air dried, stained wth crystal
viol et dye.rifhie sRHSREMhe %ec@@i*th@Rlﬂ‘@ﬁsz%ﬁﬁﬁEﬂd?@ﬁlI\SQ%nltﬁé]ﬂttacH?ﬂéﬁfQISCOPY Vel l's
contai ning vehicle were included as a control. Cells were observed to
attach to tdsés pf thehwman grehryepicestom celhlinedbsemely coboratirgpbramisqur e 2, panel

a). Additiog 13 S e pI anar
substrat e, %%eﬂff(r)%gﬁg g(l)ﬂlﬂﬁli\)cleﬁF?g%etrl g)e Zd%%tg%gl@&%ha C% %Oﬁllgzlreopn‘g%/lgl of Y26732
fromthe culPatnalrté damtumllfacmacmnhwhdl WO of Eslub2 wiamactdhtetodbet achment of the

cells from nar s btrate Ef f Cul.ture on Pl anar
Substrate I\éaﬂﬁlrcg g ﬁchpﬁgtvf%qaﬁ@ﬁg?ﬁoﬁgﬁge @Faﬁﬂ}ﬁﬂle@ﬁﬁ‘r yoni ¢ Stem
CelI's. The mmel d)f a& t!s@d’l‘lz&t@&}ﬁnéﬂfwﬁﬁid%MfothQSDWEH&HWM@HieGm&tem cell
line cultured on TRI GEL(r) coated dished and cells cultured on Menbrane

No. 1 was clamplan)edepicetdlisttpphmentwbaicld Mol Bduad waesidid foghe mpdibot h
substrates. I Sq sed fro rate r E treatnent to
Ccreate a si ng%el efl)ceﬁprtSscﬁ’sl aet?@mgmwmng;]e@\@?fnl? 'Eie)i{:‘g‘frf’ agdeB){o;L %%Id n} es of cells
were taken at the tines |nd| cated in Figure 3. OeIIs V\ere observed to
proliferat eFigmredohqnwthbﬂeaqhatemsof cilbeo f deutinian gmbiyoeicisemedstidine H1151 day and

1.138 day on MATRI ) Lespect | anpl e 4.
Human Enbryo?"lmgo acrﬁqﬂgg nilemr]?%r}e?‘l ?n%%%rh'}xl?? lyoﬁ?aﬁlf)o}%ngvnmg\{herﬁ VeEz Passages
on Pl anar SftRtiorkatagsinfibivpiH snmerX}ec‘cemehltuné osdiuins tPeincd a). Meplot thee No. 1).
Cells of the human r C m C | ine HL eded on a pl anar
substrate cBRPFIST ﬂgcnﬁf Y %@?Pﬁﬂ&égﬁ gg{@é?ﬁ%%ﬁﬁ%%ﬂ?%%%% . 1) at a
density of ﬁaﬁemodgﬁétld%@menwfdvﬁfwﬁm 13aNs AN ﬂaglozéammm%@%ureThe cells
were cul tured for or 6 days before passaging to reach approximtely 75 to
90% conf | ue‘ﬁ‘é‘yuraccor ding to the nethods described above. The cul ture medi um
was changed everyday. After culturing for 3 passages, the cells were

col I ected amgufeIseh&mheéﬁécoafrﬁémwmes@esammhamswnﬁﬂwttb@irmiency was
determ ned by flow cytonetry. As shown in Table over 95% of cells

mai nt ai ned s %tgaghlaﬁlt@f théélpma%eﬁlﬂae@c pgmicel Eneaféé&#lapléewmsrfmﬁ uri pot ency,
i ncludi ng Teoalnibig th-Erfélllovﬁﬁg rhonat@ARmBRRANS, 10 lﬂehasetmﬂ afelfakel | s were

still pluripotent. Exanple uman Enbréonl c Stem Ce intain a Stable
Kar yot ype f‘eﬁnmycp%@tge?ﬂ@rﬁnpﬂ\@nblr ingigblstlrig pael b:@ﬂﬂb@)r sﬂaﬁﬁjs MDddY: Cel | ul ose
Esters (Me line HL
were cul tup:feéh gﬁltl taCﬂI}le"l{/ﬁﬁ‘ng &@% § coam@%%%%gmaﬁegggﬁ%gﬁgke m xed

cel | ul ose estdus. Rerbrcand dj:odepieds thadsahesnt oTIaells(ydiehé{ Weevas uérhevedd

accordi ng to t t]]e ne rQod descri bed above. The karyotype was determ ned by
cyt ogenet i ¢ ARAISFEIWCRFIML v 2i ng twenty G banded et aphase cel|'s. As shown
in Figure 4, the G banded chronpsones of a representative cell cultured on
MATRI GEL(r)FiguIaQEonwht memtqphiak @f the Ekgasendf npdeel asariatddvitthose of anot her
cel | culturei m xed,ce t{l ose m%rrbran WgcellglgweHﬁCultBa el b) denonstrate a

nor mal mal ep}in rOtentc{/ln Ceusl'?l aumcl)lte Nes™ eterm ne OBy exam ni ng two
hundred i ntmﬂﬁhﬂ:@eatameineranﬁy(nfehlbmneNoe&ﬁeTable Siforithiy paskabez at i on ( FI SH)

populat i ons BFeaar PLTReRls tRiAGaL: v EnPoReduhe s Bt e ety “Momber ¢ nat

can not be Tetselid bt kypres@itiath ebambOgemeald wlifferdhtiard hﬁnﬁwrﬁw@ﬁt on

MATRI GEL(r) and on m xed ce] lul ose esters , rmal cells with
trisony 12 %%F%lrh‘fﬁff(\é?aéﬁ TR Senéawten%bé% eyl ﬁ% Stem Cel | s
Are Able Topdddfphgbheabando | nsulin- Producing Cells on PI anar Substrates
Conmprising Mxed Cellul ose Esters (Menbrane No. 1). Cells of the human

enbryonic s em ¢ seeded on Ianar S orrprl si ng
et cel | oiggs T8 sheaisuh sl Pisds RETE Ryma erdbriufe sty P PSR! oG el 1 o/ "one
i n MEF condiniirpsledodi&doleniae Bilairdfon 92 géagieibibfBoarbbigte eehibsanwer e
differentiated to insulin-producing cells by treating the cells according
to the differentiation protocol outlined in Table 3. The cells were
cultured in MEF conditioned nmedi um containing 20ng/ m bFGF for 3 to 4 days
to reach approximtely 75 to 90% confl uency. The cells were treated in

DVEM F12 nedi um contai ni ng 2% Fatty- A& d Free Bovi ne Serum Al bumin
(FAF-BSA), 100 ng/m activin A and 20



ng/ M Wit 3A for two days, followed by treatnment with DMVEM F12 nedium 2%
Fatty-Acid Free Bovine Serum Al bum n (FAF-BSA), and 100 ng/m activin A for
anot her two 2dBy59778Blext, the cells were treated i n DVEM PLZ/use@onss067

contai ning 2% BSA, 20 ng/mml FG7, and 250 nM Cycl opam ne- KAAD for three
days, followed the treatnent in DMEM F12 nedi um cont ai ni ng 1% B27

suppl enent, 20 ng/m FG-7, 250 nM Cycl opam ne-KAAD, 21.1Mretinoic acid
(RA), and 10QednRiNINe GOt dbId OF The @lg%@ shoWRGeT&lch@iVieda Mﬁ@%ﬁgw n DVEM F12
medi um cont ai ni ng 1% B27 suppl ement, 11.1M ALK5 inhibitor 2 (Axxora Cat.

No: ALX-270=450¢m01 ), 100 ng/m Noggin, 100 ng/m Netrin-4, 50 ng/m
Exendi n-4, and 11. 1M DAPT for 3 days. The cells were cultured in DVEM F12
nedi um 1% 82ifre § U RRIVR B Hning@NWtrdn thictodVaphl KBthi Piahzk}lsﬁ@s&rat%s HOthe freskys and in
DMVEM F12 nmedium cont ai ni ng 1% B27 suppl enent for another 7 days. At the end
of the diff@8¥r@4Pati on protocol, RNA sanples were collected to deternmnne
the expression of markers characteristic of the pancreatic endocrine

l'i neage. A GIuunbiefwsfsednnindsideirtn Rfcrabapit ofihe VAT RADBER Meglanaf he

correspondi ng CT val ue for GAPDH was about 19; these data suggests that the
cells expr i gh levels of insulin follow ng treatment. Exanple 7:
Human Enbryonic Stem Cells Attach to Planar Substrates Conpri sing

Pol ycar bonatiguveBlkaRase éfectoffioddinbdsedilnmIasraM cRepansent oemnner. Cell's

of the human enbryoni¢c stemcell line HO were seeded onto a pl anar
substrate cUiffutangmbsiopicatrbredtve (Nenbrine PRpar sehstiates.a density of 150, 000
cells/cnm2 in MEF conditioned medium The effect of Rho kinase inhibitor
treatment on attachnment was e®mEMINED DESERADIGN nase i nhi bitor Y26732 was
added to the culture medium at concentration of 0, 10, or 201.1.M After 24

hours, the cel]s on the nenbrane were fixed wth 4% par af or mal dehyde at
Foom & enper St 1B i EaTi o Pe o e e e s BRSO E L 8T Vi of et
dye. The nuiabetionfs dieliddsinteake Bdabwingiitsectiohathhi @hdribBocilasenpyertaMel | s

contai ning vehi cl e were included, as control. The cells do not attach to
t he menbra atPWS’ceHW\gﬁlH}en‘dioé C%@P@&&Be BeSHLHEENtQR  Addition of Y26732
resulted in the attachnent of the cells on the nenbranes (Figure 5, panels
b and c). In a separate experinment Defiligiog$ f ect of the Rho ki nase inhibitor
H 1152 on the attachnent of cells of the human enbryonic stemcell line Hl
to Menbrane.No. 7, was determ.ned The ce|ls were seeded pn pl anar
substrat o congivel RIS IRIELMBEedNe Bl TSl RaiSFERE R 20°% densi ty
of 150, 000 wbsttasd, byrRitachinlylfoldCMec @rib@idunfatgby260hegy dolv BB HalsdThewhkhe Ki nase

i nhibitor H 1152 was added he culture. i u copcentration of O,
003 01, GO I PRk SRy opHE SRS RYE enbr ane wer o
fixed wth dikipainddysidad ey S@mpld, BSedteatdduPBOlecdtd; wilich@ghy igdlaiened wi th
crystal vi ofl et rc%)? The pﬁ&mber .of cells was determ ned via |light

mi cr oscopy . CYBIIE % GHEASTHIH AFEHTEICHSEHRO 15 RA 8t kS I8kt rol . The cell's
do not att agblotigalltiBediRIRLANS, fomeidﬁqalé;ga?étﬁyle@ﬁiﬁﬁe( Figure 6, panel a) and
in the dishes with 0.03 or 0.11AM of H 1152 (Figure 6, panels b and c).
However, attachnent was observed in cultures treated with 0.3, 1, and 31.i M
of H 1152 (Bregirmesge” prhnde eelly with pogivagsne expresgiopir dbe tHmseripdorRfisiori nase

| nhi bi tor fpoRtg (et bico MR o RE BithskSptidd thdisis DRGABNRRXL 0f Human
Enbryonic Stem Cells from Pl anar Substrates Conprising Pol ycarbonate

Menbr anes. KP4, JEURRD, Relnta ANEThPsfo MAFA 1 RAXK G oF PAKON & clflexpiasEng eeded on to
a planar s .1 S nmbrane No. 9) at a density
of 100, ooo%@%“#‘g}&é%&gf@@%ﬁ g(%ln F%*%ﬁgg&eﬁ%gu Um cont ai ni ng' 20ng/ ni bFGF and
31l.iMof the Rho kinase inhibitor H1152. The cells were cultured for 24
hr. After tTHicts eipiessing markse dhanaetensidiof hewainitiepindodadmlinedge/EF ugsdndi t i oned
medi um cont @i nj ool ' 4#55@ , the cells on
t he nmenbr an}gelr%}/\%? gfe%i(%;g‘%lm&?@%g%ag%%gép gef #&ﬁ%@ﬁ%@fggﬁlﬁ%% Wi {7?1 PBS, air

dri ed, stai@GadAM HNFTbgtstGHC, CIER( eNodhy,e*GFRhBraniymine Misflike bsobaas det er mi ned

via light mcros | 1 s containi i&t e%( _control.
Removal of BEELSEoTY SRt helREu Qe DR R TR Bt frent. of
cel I s fromKhe % na®TERbEtksakprefdhigguarkery Phardexmingd & tBe ddPmitosi ty of the

Pl anar Substrate Affects the Attachnment of Human Enbryonic Stem Cel | s.
Cells of the human enbryonic stemcell line HL at passage 42 were seeded
onto the follow ng planar substrates: Menbrane No. 10 (pore size 0.4 pm;
and Menbrane No. 11 (pore size 3 m).1@ells were seeded at a density of
100, 000 cells/cn2, in MEF conditioned nmedi um containing 20ng/ M bFG-. The
ef fect of Rho kinase inhibition on the attachment of the cells to the

pl anar substrates was al so exam ned The cell culture nmedi um was

suppl emented with .3M H 1152. After 24 hours, the culture nmedi um was

I Y 1 LR T e Y L LY Y . M~ 11 1 g~ ' | -



Cells of the human enbryonic stemcell line HL were seeded on to a planar
substrate conprising pol ycarbonate nenbrane (Menbrane No. 8). Cells were
cul t ur ed wo 2v8se7adi ti oned nmedi um cont ai ni ng 20ng/ M bFEET/tse@ploesvent ed
with 3M H1152. The cell culture medi umwas changed daily. Cells were
passaged by the renoval of H 1152 fromthe nedium and the cells were
renmoved fromthe planar substrate by gentle swirling. The cells were

cul tured foénd§de?ﬁfli%@£gﬁ$nc’1’tﬂﬂ pﬁﬁht \%(‘sh@ﬂc FrQurdol QWYs GHAARL dital@Rgis quant i t ati ve
RT- PCR anal ysi s own in 4, over 95% of the cells expressed cell
surface rrar%@ﬁegdoég@b@ﬁ“éﬁ%dwnﬂweSniﬂdpfp?bfﬁélﬁcy, i ncl uding Tral 60, Tral -81,
SSEA- 3, and SSEA-4, as determined by flow cytonetry. Figure 9 shows the
resul ts of quantigr@tiny gafkEbrRERacttidic GathePandbkit bilReGeNRecexRnRssed in the
H1 cultured on pol ycarbonate nenbranes for 3 passages are at conparable

| evel s as ilfraindeferde edls cxpredingpt least pae ofithe Rllgwhmgmprlers t(RRYL FOE 1l s of the
hurman enbr yionj 161 %Bhe?@ﬂNle NK?%W%WPE@ 88RAGH &arﬁer?blﬁ%[erﬁﬁ@“ rate
conpri sing polycarbonate nenbrané (Menbrane I's were cultured in
VEF condi t i drikabaneditisrandederailingagg mmﬁlgpmcma@end@dgm @H&ar@tlé@rlwwh 11.1. M

H 1152. Th s changed daily. Cells were passaged by

t he renovaﬁtugféellli %%g&?e?boﬁogh%%éﬁgl um and the cells were renoved fromthe
pl anar substrate by d%\ﬂptle swirling. The cells were cultured for 9 passages
and col | ect &fingive £n /b ntised hereipgretsrigoaelisrvhieiicar the clppasterioBmoodf t he

cel I's express &&lilo S4Uh er AGLA it R R e BRAGMa | Ncl udi ng
Tral - 60, Tr%ﬁ 1 gS ﬁ%%ﬁlgn%{% IE%g%%%Anba%Iﬁgylﬁ%t?)\rle ﬁé%ﬁt tgsg %ssess

pl uri pot enctyact @dxﬂtsaletlmwes@ﬂeﬁmyvmndw’mm@ellﬂ &ptess thofeHommizr yakedsbodi es. Cel | s
of the humagy tRynce PJ%,@QE

substrates coﬁg?‘lg%@&ﬁ%l ycalrgbgjﬁrg%ljélp?r)e fﬁﬁég"oﬁﬁgﬁga@&%ﬂ . ﬁ'he cells
were cultured in MEF conditioned nedi um containing 20ng/ m bFGF,

suppl enent edapgredticIMlaqrina g31”, orfipansedatic barimong exprastingipaliaes vedsblegiel dai | y.
Cells were U nd the cells
wer e remve‘g?efsftggh%glﬁ %lgﬁgé}%g%%ﬁ% atq%"‘sr%f?]‘gélﬁt 1%@1\,\? ﬁ?r?ﬁgé& eﬁléel | s were
cul tured foglucmgorpa@sag@am #rdpayoediclpolperftolermat i on was achi eved by t he

foll owi ng protocol. The Hl cells were coll ect ed and cultured in DVEM F12
medi um supphgiE, i %-f NelelVAN 14 Itf Y ster Plate
(Com ng Cat. Noé}h%g%l% Eﬁ%ﬁ% ce {J%hmeg?e g%d the ¢ Sle Sg changi ng 50%
of the medi amastEmp e dolvodiewankes:SFXT, Mcﬂ’ @f&Pe’rRQ4 days (Fl gure 10).

Exanpl e 11: Human Enbryonic Stem Cells are Capable of Formng Definitive
Endoder m af ‘t]ﬁ'fragﬂhfapﬁﬁglx%?otgh@rl@fers%&' thdi e ESts SRR S hitha TP Fo(@r Donat e

Menbr anes. I's of the human Ic stemcell line HI' were seeded on to
a pl anar sutsswecatcellsgn thsrbiody nlgmp;hﬁ H}mn‘boﬁa@@eﬂmtahemms @) be The cells

were initial t / M bFGF,
suppl enent ecflrlxecfﬁ&é:éﬁsagldggy Mi:[ﬁe éfo\aeg}?%lt glr?ug]u I?I{t}?% Bhd}g{ﬂégﬂgondi tioned
medi um contmnmmbﬂmwmomcﬁnblmpmlbmmmww th 1M H 1152 for 10 passages
prior to experinental nani puI ation. The cells were then seeded onto 100 mMm
ti ssue cult, GEL(r). The
cells were %ﬁ%ﬁ%%%ﬁeﬁ%@% conc %nglgyﬁglﬁﬁ%ﬁ%u%gﬁ%&ﬁ%% Ong/ m bFGF for 3
days. Next, dlffhent@élb'Iesp%eélntwwﬁpémtqrwt DivENE Edri2ext, siuﬁﬁqrmnbﬂmmﬂsmt h 2% fatty

aC|dfreeB i n i Wt 3a for
two days an lﬁgatnﬁgrrlll%t%{%{aytd %J%F@Epﬁi}%%gﬂf aﬁlﬁd Cr&s \%lrt%1 &lh%é} atty acid

f r ee Bovi nem&&euMhAldboeratilc leaciobf ﬂlﬁ@mgkaxrﬁucaelt amd nr pbljmpn@m‘sdfﬁmeﬁﬂw days.
After this t.ine, r.e re eased TRYPEt nt.te forma

S nol e cer | METERERERER o G R ekl SBEREH Wt L A ARATERR LN 51 o ¢ e
definitive erdeden idcnedgenddititateediroadtiy cdlls awng yityostetvayietyfer 90% of
the cells are 9 and CXCR4 (CD184) double positive and 12% of the cells
are CD9 posPfi # Hedhti ve, as shown in Table 6. These data suggest
that the cells retain the capacity to differentiate into definitive
endoderm Exanple 12: Physical Properties of the Planar Substrates of the
Present Invention. The surface chem stry was determ ned on the planar
substrates of the present invention. Tables 7-10 depict the X-ray

Phot oel ectron spectroscopy (XPS) anal ysis and contact angle. For XPS, an
anal ysis depth of approximately 50-100 A was used. Typically, 95% of the
signal originates fromwthin this depth. Menbranes 1-3 contained simlar
concentrations of oxygen, carbon (maihly as C-0, and C(C H), probably

O C0), and nitrogen (as NO3, N2, and possibly CGN, and R4-N+). Menbrane 3
al so contained trace concentrations of Na+ and SO,, and a hi gher
concentration of G(C H). Menbrane 4 contained G(C H, G (0,N), and

(0 N) C=0 and p055| ny a trace of sodi um anbrane 5 cont a| ned rral nIy C—O

s o ~ ~ O~ o~ o ~N o~ N —



The pl anar substrate consisting of polyam ne was manufactured according to
t he nethods di sclosed in US6743273, and Schindler Met al, Biomaterials
26(28): 580401086818 2005. The planar substrate is avail ablraseanaesoet al | v,
sol d under the trademark ULTRAVWEBTM ULTRAWEBTmM synthetic surfaces are
conposed of randomy orientated el ectrospun pol yam de nanofi bers with an
average fiber dianeter of 280nm The fiber size distribution is between 200

and 400nm  Hh&efdokistn &MTBSANAE@I&MM&%@%Eapé;@f&sﬁﬁgat%a%dngfaﬂhx hydr ophi li ¢

surface (catal ogue #3870XX e the secon ace, surface (catalogue

#3871XX1) waHoRInE ghrkeys: W%Wﬁrspéer@ﬁdE@%E%o%@XdNPKmaHﬁBﬁ Yelti ne materi al

whi ch provi g@tﬁﬂ(%-laa&qﬂpg s with a free am ne groups for a net positive
charge. Both surfaces are |gth effective at protein absorption through

hydrophobic interactions. 5 micron resolution and 10, 000X magni fication
scanni ng el SepemichpEIggPepHEcEelE shsweran migutoe cell canabliel sfcretivgl | s of t he

human _enbr vl ot G Rlllowd I_g}?orllﬁ%ne‘é‘elhﬁlhﬂn@{?éa of, Qidhtb@gih, b ei ther of the
UTRAWEBTmM sur f aces t est ed fect of thé use of Defined

Medi um on tiectaaticaohpeptideof Pl ur i potent Stem Cells to the Planar Substrates
of the Present Invention. Cells of the human enbryonic stemcell line Hl

vere seededpnpOmiie skaklam a@%s&i‘lﬁ%@ﬂ re?éﬂ?@tarc%ﬁ%gpreéyﬁl f RA® ode éTheed
cel lul ose ester), Menbrane 4 (nylon), Menbrane | ul ose acetate) and

ni trocel | ul feevingalarkersyayasak e .at a 1:3 dilution in the defined nedi um
MESRTmM and cul tured for 24 hours. Parallel cultures un MEF-conditi oned

medi um wer e<prGliudedaiag e 80k hreinGoibls W £ caf ex?ﬁ@s&?:!ltllcsdsti dhe ¥ EeRTM di d not
affect the ability of the cells to attach to anar surfaces. Cells

were abl e tiollawingarres: rPéﬁ@b’HWeMl&hk%hO%QBO’Spm@ﬁ’dOrrﬁ(ﬁ”oceI | ul ose. The
menbrane that showed the greatest binding of cells using nTESRTm was

Menbr ane 4, sifalchipvwesufiidyBiar-arelsicink B%J'thcvi@%ﬂﬁ?ld@dhekﬁ BickIr Re&l ul ose,
foll owed by Menbrane 1. = Attachnent of hES cel ﬁl nase i ndependent

Rho ki nase patieHerprantndriidergitisieste praduespungsan celRnbciviinasdf-feneipendent  Rho
ki nase i ndefgndant, fiNGekdwiRSHodeRERIER erRARNY UFRFG AP ENLEBlem cells

are also characterized by their ability to differentiate in vitro into functional cells of
various cell lineages from multiple germ layers (endoderm, mesoderm and ectoderm),
as well as to give rise to tissues of multiple germ layers following transplantation and
to contribute substantially to most, if not all, tissues following injection into

blastocysts.

Stem cells are classified by their developmental potential as: (1) totipotent, meaning
able to give rise to all embryonic and extraembryonic cell types; (2) pluripotent,
meaning able to give rise to all embryonic cell types; (3) multipotent, meaning able to
give rise to a subset of cell lineages, but all within a particular tissue, organ, or
physiological system (for example, hematopoietic stem cells (HSC) can produce
progeny that include HSC (self- renewal), blood cell restricted oligopotent progenitors
and all cell types and elements (e.g., platelets) that are normal components of the
blood); (4) oligopotent, meaning able to give rise to a more restricted subset of cell
lineages than multipotent stem cells; and (5) unipotent, meaning able to give rise to a

single cell lineage (e.g. , spermatogenic stem cells).

Differentiation is the process by which an unspecialized ("uncommitted") or less

specialized cell acquires the features of a specialized cell such as, for example, a

12



Rho ki nase dependent Rho ki nase dependent Rho ki nase dependent BSA bi ndi ng
capacity Greater than 160 m crograns per centinmeter square Approximtely
160 m cr ogyoanp/gerscent i neter square Geater than 120 BRCTUSQEQUIBSOPERT
centinmeter square 3.8 micrograns per centineter square Less than 5

m crograns per centineter square Less than 5 micrograns per centineter
square Less than 5 m crograns per

nerve cell or a muscle cell. A differentiated or differentiation-induced cell is one that
has taken on a more specialized ("committed") position within the lineage of a cell.
The term “committed”, when applied to the process of differentiation, refers to a cell
that has proceeded in the differentiation pathway to a point where, under normal
circumstances, it will continue to differentiate into a specific cell type or subset of cell
types, and cannot, under normal circumstances, differentiate into a different cell type
or revert to a less differentiated cell type. De-differentiation refers to the process by
which a cell reverts to a less specialized (or committed) position within the lineage of
acell. As used herein, the lincage of a cell defines the heredity of the cell, i.e., which
cells it came from and what cells it can give rise to. The lineage of a cell places the
cell within a hereditary scheme of development and differentiation. A lineage-
specific marker refers to a characteristic specifically associated with the phenotype of
cells of a lineage of interest and can be used to assess the differentiation of an

uncommitted cell to the lineage of interest.

“Surface” as used herein refers to the outermost layer of molecules of a solid substrate
vessel or matrix intended for use in cell culture or analysis. The elemental
composition, the roughness, and the wettability of the surface can be analyzed by X-
Ray Photoelectron Spectroscopy (XPS), Atomic Force Microscopy (AFM), and

contact angle measurement, respectively.

Various terms are used to describe cells in culture. “Maintenance” refers generally to
cells placed in a growth medium under conditions that facilitate cell growth and/or
division that may or may not result in a larger population of the cells. “Passaging”
refers to the process of removing the cells from one culture vessel and placing them in

a second culture vessel under conditions that facilitate cell growth and/or division.

A specific population of cells, or a cell line, is sometimes referred to or characterized
by the number of times it has been passaged. For example, a cultured cell population
that has been passaged ten times may be referred to as a P10 culture. The primary
culture, i.e., the first culture following the isolation of cells from tissue, is designated
P0. Following the first subculture, the cells are described as a secondary culture (P1
or passage 1). After the second subculture, the cells become a tertiary culture (P2 or
passage 2), and so on. It will be understood by those of skill in the art that there may

be many population doublings during the period of passaging; therefore the number of
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population doublings of a culture is greater than the passage number. The expansion
of cells (i.e., the number of population doublings) during the period between
passaging depends on many factors, including but not limited to the seeding density,

substrate, medium, growth conditions, and time between passaging.
Planar Substrates of the Present Invention

Planar substrates suitable for use in the present invention may be comprised of any
material that is capable of providing a support onto which pluripotent cells may
attach. For example, the planar substrate may be comprised of polycarbonate.
Alternatively, the planar substrate may be comprised of polyethylene terephthalate
(PETE). Alternatively, the planar substrate may be comprised of nylon.
Alternatively, the planar substrate may be comprised of cellulose acetate.
Alternatively, the planar substrate may be comprised of a mixed cellulose ester.
Examples of planar substrates suitable for use in the present invention may be found

in Table 1.

In one embodiment, the present invention provides methods for the attachment,
cultivation and differentiation of pluripotent stem cells to a planar substrate
containing up to about 12% N, from at least about 12% O to at least about 55% O, a
contact angle from about 18 degrees to about 32 degrees, and lacking an adlayer and a
feeder cell layer. The planar substrate containing from at least about 8% N to at least
about 12% N, and from at least about 12% O to at least about 55% O may be a rough

fibrous surface, or, alternatively, a smooth surface.

In one embodiment, the present invention provides a method to attach pluripotent
stem cells to a planar substrate containing up to about 12% N, from at least about 12%
O to at least about 55% O, a contact angle from about 18 degrees to about 32 degrees,

and lacking an adlayer and a feeder cell layer, comprising the steps of:
a. Obtaining a suspension of pluripotent stem cells, and

b. Adding the cell suspension to the planar substrate and allowing the cells to

attach.
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In one embodiment, the pluripotent stem cells are maintained in culture after the cells
attach to the surface. In one embodiment, the pluripotent stem cells are differentiated

on the planar substrate after the cells attach to the surface.

In one embodiment, the attachment of pluripotent stem cells to a planar substrate
containing up to about 12% N, from at least about 12% O to at least about 55% O, a
contact angle from about 18 degrees to about 32 degrees, and lacking an adlayer and a
feeder cell layer is enhanced by treating the cells with a capable of inhibiting Rho
kinase activity. The compound capable of inhibiting Rho kinase activity may be

removed from the cells after they have attached.

The compound capable of inhibiting Rho kinase activity is selected from the group

consisting of: Y-27632, Fasudil, H-1152 and Hydroxyfasudil.

In one embodiment, the compound capable of inhibiting Rho kinase activity may be
used at a concentration from about 0.1uM to about 100uM. In one embodiment, the
at least one compound capable of inhibiting Rho kinase activity is used at a

concentration of about 10uM.
Characterization of the Planar Substrates of the Present Invention

In one embodiment, the elemental composition of the surface of the planar substrates
of the present invention may be analysed by X-Ray Photoelectron Spectroscopy
(XPS). XPS, also known as Electron Spectroscopy for Chemical Analysis (ESCA), is
used as a method to determine what elements or atoms are present in the surface of a
solid substrate (all elements in concentrations greater than 0.1 atomic percent can be
detected, except hydrogen and helium), and to determine the bonding environment of

such elements or atoms.

In one embodiment, the roughness of the surface of the planar substrates of the
present invention may be analyzed by Atomic Force Microscopy (AFM). Surface
atoms or molecules with a lateral resolution down to 1 A and a vertical resolution

down to 0.1 A can be imaged by AFM.

In one embodiment, the wettability of the surface of the planar substrates of the

present invention may be analyzed by measuring the contact angle. For example,
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contact angle measurement by the static sessile drop method provides information on
the interaction between the surface of a solid substrate and a liquid. The contact angle
describes the shape of a liquid drop resting on the surface of the solid substrate, and is
the angle of contact of the liquid on the surface of the solid substrate, measured within
the liquid at the contact line where liquid, solid, and gas meet. A surface with a water
contact angle larger than 90° is termed hydrophobic, and a surface with water contact
angle less than 90° is termed hydrophilic. On extremely hydrophilic surfaces, that is,
surfaces that have a high affinity for water, a water droplet will completely spread (an

effective contact angle of 0°).

In one embodiment, the negative charge density of the surface of the planar substrates
of the present invention may be analyzed by measuring the reactivity of the surface
with crystal violet. Crystal violet carries a positive charge, which enables it to bind to
negatively charged molecules and parts of molecules, for example, negatively charged
functional groups present on a polymer surface. A surface with a high crystal violet
reactivity has a higher density of negative charges than a surface with a low crystal

violet reactivity, given that the surfaces have the same roughness and thus area.
Pluripotent Stem Cells
Characterization of Pluripotent Stem Cells

Pluripotent stem cells may express one or more of the stage-specific embryonic
antigens (SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-
60 and Tra-1-81 (Thomson et al., Science 282:1145, 1998). Differentiation of
pluripotent stem cells iz vitro results in the loss of SSEA-4, Tra- 1-60, and Tra-1-81
expression and increased expression of SSEA-1. Undifferentiated pluripotent stem
cells typically have alkaline phosphatase activity, which can be detected by fixing the
cells with 4% paraformaldehyde and then developing with Vector Red as a substrate,
as described by the manufacturer (Vector Laboratories, Burlingame Calif.)
Undifferentiated pluripotent stem cells also typically express OCT-4 and TERT, as
detected by RT-PCR.

Another desirable phenotype of propagated pluripotent stem cells is a potential to
differentiate into cells of all three germinal layers: endoderm, mesoderm, and

ectoderm tissues. Pluripotency of stem cells can be confirmed, for example, by
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injecting cells into severe combined immunodeficient (SCID) mice, fixing the
teratomas that form using 4% paraformaldehyde, and then examining them
histologically for evidence of cell types from the three germ layers. Alternatively,
pluripotency may be determined by the creation of embryoid bodies and assessing the
embryoid bodies for the presence of markers associated with the three germinal

layers.

Propagated pluripotent stem cell lines may be karyotyped using a standard G-banding
technique and compared to published karyotypes of the corresponding primate
species. It is desirable to obtain cells that have a "normal karyotype," which means
that the cells are euploid, wherein all human chromosomes are present and not

noticeably altered.
Sources of Pluripotent Stem Cells

The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any
time during gestation, typically but not necessarily before approximately 10 to 12
weeks gestation. Non-limiting examples are established lines of human embryonic
stem cells or human embryonic germ cells, such as, for example the human
embryonic stem cell lines H1, H7, and H9 (WiCell). Also contemplated is use of the
compositions of this disclosure during the initial establishment or stabilization of such
cells, in which case the source cells would be primary pluripotent cells taken directly
from the source tissues. Also suitable are cells taken from a pluripotent stem cell
population already cultured in the absence of feeder cells. Also suitable are mutant
human embryonic stem cell lines, such as, for example, BGO1v (BresaGen, Athens,
GA). Also suitable are pluripotent stem cells derived from non-pluripotent cells, such

as, for example, an adult somatic cell.

In one embodiment, human embryonic stem cells are prepared as described by
Thomson et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top. Dev.
Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).

Culture of Pluripotent Stem Cells
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In one embodiment, pluripotent stem cells are cultured on a layer of feeder cells or
extracellular matrix protein that support the pluripotent stem cells in various ways,
prior to culturing according to the methods of the present invention. For example,
pluripotent stem cells are cultured on a feeder cell layer that supports proliferation of
pluripotent stem cells without undergoing substantial differentiation. The growth of
pluripotent stem cells on a feeder cell layer without differentiation is supported using
(1) Obtaining a culture vessel containing a feeder cell layer; and (ii) a medium
conditioned by culturing previously with another cell type, or a non-conditioned

medium, for example, free of serum or even chemically defined.

In another example, pluripotent stem cells are cultured in a culture system that is
essentially free of feeder cells, but nonetheless supports proliferation of pluripotent
stem cells without undergoing substantial differentiation. The growth of pluripotent
stem cells in feeder-cell free culture without differentiation is supported using (i) an
adlayer on a solid substrate surface with one or more extracellular matrix proteins;
and (ii) a medium conditioned by culturing previously with another cell type, or a

non-conditioned medium, for example, free of serum or even chemically defined.

In an alternate embodiment, pluripotent stem cells are cultured on a planar surface
comprising a mixed cellulose ester in a medium conditioned by culturing previously
with another cell type, or a non-conditioned medium, for example, free of serum or

even chemically defined.

Culture medium: An example of cell culture medium suitable for use in the present
invention may be found in US20020072117. Another example of cell culture medium
suitable for use in the present invention may be found in US6642048. Another
example of cell culture medium suitable for use in the present invention may be found
in W02005014799. Another example of cell culture medium suitable for use in the
present invention may be found in Xu et a/ (Stem Cells 22: 972-980, 2004). Another
example of cell culture medium suitable for use in the present invention may be found
in US20070010011. Another example of cell culture medium suitable for use in the
present invention may be found in Cheon et al. (BioReprod
DOI:10.1095/biolreprod.105.046870; 19 Oct 2005). Another example of cell culture
medium suitable for use in the present invention may be found in Levenstein et al.

(Stem Cells 24: 568-574, 2006). Another example of cell culture medium suitable for
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use in the present invention may be found in US20050148070. Another example of
cell culture medium suitable for use in the present invention may be found in
US20050233446. Another example of cell culture medium suitable for use in the
present invention may be found in US6800480. Another example of cell culture
medium suitable for use in the present invention may be found in US20050244962.
Another example of cell culture medium suitable for use in the present invention may
be found in W02005065354. Another example of cell culture medium suitable for
use in the present invention may be found in W0O2005086845.

Suitable culture media may also be made from the following components, such as, for
example, Dulbecco's modified Eagle's medium (DMEM), Gibco # 11965-092;
Knockout Dulbecco's modified Eagle's medium (KO DMEM), Gibco # 10829-018;
Ham's F12/50% DMEM basal medium; 200 mM L-glutamine, Gibco # 15039-027;
non-essential amino acid solution, Gibco 11140-050; B-mercaptoethanol, Sigma #
M7522; human recombinant basic fibroblast growth factor (bFGF), Gibco # 13256-
029.

Differentiation of Pluripotent Stem Cells

In one embodiment of the present invention, pluripotent stem cells are propagated in
culture, while maintaining their pluripotency. Changes in pluripotency of the cells
with time can be determined by detecting changes in the levels of expression of
markers associated with pluripotency. Alternatively, changes in pluripotency can be
monitored by detecting changes in the levels of expression of markers associated with

differentiation or markers associated with another cell type.

In an alternate embodiment, pluripotent stem cells are propagated in culture and then
treated in a manner that promotes their differentiation into another cell type. The
other cell type may be a cell expressing markers characteristic of the definitive
endoderm lineage. Alternatively, the cell type may be a cell expressing markers
characteristic of the pancreatic endoderm lincage. Alternatively, the cell type may be
a cell expressing markers characteristic of the pancreatic endocrine lineage.
Alternatively, the cell type may be a cell expressing markers characteristic of the -

cell lineage.
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Pluripotent stem cells treated in accordance with the methods of the present invention
may be differentiated into a variety of other cell types by any suitable method in the
art.

For example, pluripotent stem cells treated in accordance with the methods of the

present invention may be differentiated into neural cells, cardiac cells, hepatocytes,
and the like.

For example, pluripotent stem cells treated in accordance with the methods of the
present invention may be differentiated into neural progenitors and cardiomyocytes

according to the methods disclosed in W0O2007030870.

In another example, pluripotent stem cells treated in accordance with the methods of
the present invention may be differentiated into hepatocytes according to the methods

disclosed in US patent 6,458,589.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in D’ Amour et al., Nature Biotechnol. 23:1534-1541, 2005.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in Shinozaki ef al., Development 131:1651-1662, 2004.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in McLean et al., Stem Cells 25:29-38, 2007.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the methods

disclosed in D’ Amour et al., Nature Biotechnol. 24:1392-1401, 2006.

Markers characteristic of the definitive endoderm lineage are selected from the group
consisting of SOX17, GATA4, HNF3 beta, GSC, CER1, Nodal, FGFS, Brachyury,

Mix-like homeobox protein, FGF4 CD48, eomesodermin (EOMES), DKK4, FGF17,
GATAG6, CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention

is a cell that expresses at least one of the markers characteristic of the definitive
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endoderm lineage. In one aspect of the present invention, a cell expressing markers
characteristic of the definitive endoderm lineage is a primitive streak precursor cell.
In an alternate aspect, a cell expressing markers characteristic of the definitive
endoderm lineage is a mesendoderm cell. In an alternate aspect, a cell expressing
markers characteristic of the definitive endoderm lineage is a definitive endoderm

cell.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the pancreatic endoderm lineage according to the methods

disclosed in D’ Amour et al., Nature Biotechnol. 24:1392-1401, 2006.

Markers characteristic of the pancreatic endoderm lineage are selected from the group
consisting of PDX1, HNF1 beta, PTF1 alpha, HNF6, HB9 and PROX1. Suitable for
use in the present invention is a cell that expresses at least one of the markers
characteristic of the pancreatic endoderm lineage. In one aspect of the present
invention, a cell expressing markers characteristic of the pancreatic endoderm lineage

is a pancreatic endoderm cell.

Pluripotent stem cells may be differentiated into cells expressing markers

characteristic of the pancreatic endocrine lineage by any method in the art.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the pancreatic endocrine linecage according to the methods

disclosed in D’ Amour et al., Nature Biotechnol. 24:1392-1401, 2006.

For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the pancreatic endocrine lineage, by the methods disclosed

in D’ Amour ef al., Nature Biotechnol. 24: 1392-1401, 2006.

Markers characteristic of the pancreatic endocrine lineage are selected from the group
consisting of NGN3, NEUROD, ISL1, PDX1, NKX6.1, PAX4, NGN3, and PTF-1
alpha. In one embodiment, a pancreatic endocrine cell is capable of expressing at
least one of the following hormones: insulin, glucagon, somatostatin, and pancreatic
polypeptide. Suitable for use in the present invention is a cell that expresses at least
one of the markers characteristic of the pancreatic endocrine lineage. In one aspect of

the present invention, a cell expressing markers characteristic of the pancreatic
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endocrine lineage is a pancreatic endocrine cell. The pancreatic endocrine cell may
be a pancreatic hormone-expressing cell. Alternatively, the pancreatic endocrine cell

may be a pancreatic hormone-secreting cell.

In one aspect of the present invention, the pancreatic endocrine cell is a cell
expressing markers characteristic of the B cell lineage. A cell expressing markers
characteristic of the B cell lineage expresses PDX1 and at least one of the following
transcription factors: NGN3, NKX2.2, NKX6.1, NEUROD, ISL1, HNF3 beta,
MAFA, PAX4, and PAX6. In one aspect of the present invention, a cell expressing

markers characteristic of the B cell lincage is a B cell.

The present invention is further illustrated, but not limited by, the following

examples.
EXAMPLES

Example 1: Attachment of Human Embryonic Stem Cells to the Planar

Substrates of the Present Invention.

The Rho kinase inhibitor Y26732 has been shown to enhance the attachment of
human embryonic stem cells on surface modified plates (see U.S. Patent Application
No. 61/030,544). The purpose of the studies of the present invention was to
determine the ability of human embryonic stem cells to attach to other planar surfaces.

The planar surfaces tested in the present invention are shown in Table 1.

Prior to testing, cells of the human embryonic stem cell line H1 cells were expanded
on tissue culture plates coated with a 1:30 dilution of growth factor-reduced
MATRIGEL®. Cells were seeded onto 100 mm culture dishes in 10 ml MEF
conditioned media supplemented with 20 ng/ml bFGF (MEF-CM/bFGF). The cells
were cultured at 37°C in a humidified with a 5% CO, atmosphere. The media was
changed everyday with fresh MEF-CM/bFGF. Once the cells reached approximately
80% confluence, the cells were passaged by treatment with 1mg/ml LIBERASE for 5
minutes at 37°C. The digestion was stopped by removing enzyme from the dish and
rinsing the cells with MEF-CM/bFGF. The cells were collected by manual scraping
in 10 ml MEF-CM/bFGF and transferred to a 50-ml conical tube. The cells were
centrifuged at 200x g (1000rpm) on a tabletop centrifuge to form a pellet. After the
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supernatant was removed, the cells were re-suspended in 40 ml MEF-CM/bFGF and
evenly distributed in four 100 mm culture dished coated with a 1:30 dilution of

growth factor-reduced MATRIGEL.

Cells of the human embryonic stem cell line H1 were seeded onto the various planar
substrates set forth in Table 1, at a density of 100,000 cells/ cm’. The planar
substrates lacked an adlayer and a fibroblast feeder cell layer. The cells were cultured
in MEF-CM/bFGF as described above. The effect of the Rho kinase inhibitor H-1152
on the attachment of the cells to the planar substrates was determined. 3puM H-1152
was added to the medium used to seed the cells. Cells were allowed to attach for 24
hrs. After this time, the cells were fixed with 4% paraformaldehyde for 5 minutes at
room temperature. The cells were then stained with 1% hematoxylin, and the number
of cells was determined via light microscopy. Wells containing vehicle were included

as a control.

The cells of the human embryonic stem cell line H1 attached to the following
membranes in a Rho kinase inhibitor independent manner: mixed cellulose ester
membrane (membrane No. 2, Figure 1, panel a); nylon membrane (membrane No. 4,
Figure 1, panel b), and cellulose acetate membrane (membrane No. 5, Figure 1, panel
¢). The attachment of cells to these membranes was enhanced by addition of 3uM H-

1152 (See Figure 1, panels a-c).

Cells of the human embryonic stem cell line H1 required the presence of 3uM H-1152
to attach to the following planar substrates: Polycarbonate membrane (membrane No.
7, Figure 1, panel d) and Polyethylene terephthalate membrane (membrane No. 12,
Figure 1, panel e). Removal of H-1152 from the culture medium led to detachment of
HI cells from both types of membranes. No attachment was observed to these

membranes in the absence of H-1152.

Example 2: The Effect of Rho Kinase Treatment on the Attachment of Human
Embryonic Stem Cells to Planar Substrates Comprising Mixed Cellulose Esters

(Membrane No. 1).

Cells of the human embryonic stem cell line H9 were cultured on MATRIGEL®

coated dishes prior to experimental manipulation. Cells were seeded a mixed
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cellulose ester membrane (membrane No. 1) at a density of 150,000 cells/ cm® in
MEF conditioned medium. The planar substrate lacked an adlayer and a fibroblast
feeder cell layer. The effect of the Rho Kinase inhibitor treatment on the attachment
to the planar substrate was examined. Cells were treated with 0, 10, or 20uM
Y26732. After 24 hours, the cells were fixed with 4% paraformaldehyde, rinsed with
PBS, air dried, stained with crystal violet dye. The number of cells was determined

via light microscopy. Wells containing vehicle were included as a control.

Cells were observed to attach to the planar substrate in the absence of Y26732 (Figure
2, panel a). Addition of Y26732 increased the attachment of cells to the planar
substrate, at 10 and 20uM (Figure 2, panels b and ¢). Removal of Y26732 from the
culture medium for 24 hr did not result in the detachment of the cells from the planar

substrate.

Example 3: The Effect of Culture on Planar Substrate Membrane No. 1 on the

Proliferation Rate of Human Embryonic Stem Cells.

The proliferation rate of cells of the human embryonic stem cell line cultured on
MATRIGEL® coated dished and cells cultured on Membrane No. 1 was compared.
Cells were seeded at equal densities on both substrates. Cells were released from the
substrates by TrypLE treatment to create a single cell suspension to determine cell
number. Samples of cells were taken at the times indicated in Figure 3. Cells were
observed to proliferate at comparable rates. The doubling time is about 1.151 day and

1.138 day on MATRIGEL® and on Membrane No. 1, respectively.

Example 4: Human Embryonic Stem Cells Maintain their Pluripotency for
Three Passages on Planar Substrates Comprising Mixed Cellulose Esters

(Membrane No. 1).

Cells of the human embryonic stem cell line H1 were seeded on a planar substrate
comprising mixed cellulose ester membranes (membrane No. 1) at a density of 75,000
cells/cm” in MEF-CM containing 20ng/ml bFGF. The cells were cultured for 5 or 6
days before passaging to reach approximately 75 to 90% confluency according to the
methods described above. The culture medium was changed everyday. After
culturing for 3 passages, the cells were collected and the expression of markers

associated with pluripotency was determined by flow cytometry. As shown in Table
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2, over 95% of cells maintained expression of cell surface markers associated with
pluripotency, including Tral-60, Tral-81, SSEA-3, and SSEA-4, indicating the cells

were still pluripotent.

Example 5: Human Embryonic Stem Cells Maintain a Stable Karyotype for Ten
Passages on Planar Substrates Comprising Mixed Cellulose Esters (Membrane

No. 1).

Cells of the human embryonic stem cell line H1 were cultured either on MATRIGEL®

coated culture plates or on mixed cellulose esters membrane for 10 passages. The
cells were cultured according to the methods described above. The karyotype was
determined by cytogenetic analysis by analyzing twenty G-banded metaphase cells.
As shown in Figure 4, the G-banded chromosomes of a representative cell cultured on
MATRIGEL® coated culture plates (Figure 4, panel a) and those of another cell

cultured on mixed cellulose membrane (Figure 4, panel b) demonstrate a normal male

karyotype.

The karyotype was also determined by examining two hundred interphase nuclei by
fluorescence in situ hybridization (FISH) using a chromosome 12p probe and a 17q
probe to identify very small populations of cells with changes in chromosome 12 and
17 copy number that can not be detected by routine cytogenetics. In cells cultured on
MATRIGEL® and on mixed cellulose esters membranes, no abnormal cells with

trisomy 12 and/or 17 were detected.

Example 6: Human Embryonic Stem Cells Are Able To Differentiate To Insulin-
Producing Cells on Planar Substrates Comprising Mixed Cellulose Esters

(Membrane No. 1).

Cells of the human embryonic stem cell line H1 were seeded on a planar substrate
comprising mixed cellulose esters (Membrane No. 1) at a density of 150,000 cells/
cm’ in MEF conditioned medium containing 20ng/ml bFGF. The cells were
differentiated to insulin-producing cells by treating the cells according to the
differentiation protocol outlined in Table 3. The cells were cultured in MEF
conditioned medium containing 20ng/ml bFGF for 3 to 4 days to reach approximately
75 to 90% confluency. The cells were treated in DMEM-F12 medium containing 2%
Fatty-Acid Free Bovine Serum Albumin (FAF-BSA), 100 ng/ml activin A, and 20
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ng/ml Wnt3A for two days, followed by treatment with DMEM-F12 medium, 2%
Fatty-Acid Free Bovine Serum Albumin (FAF-BSA), and 100 ng/ml activin A for
another two days. Next, the cells were treated in DMEM-F12 medium containing 2%
BSA, 20 ng/ml FGF7, and 250 nM Cyclopamine-KAAD for three days, followed the
treatment in DMEM-F 12 medium containing 1% B27 supplement, 20 ng/ml FGF7,
250 nM Cyclopamine-KAAD, 2 uM retinoic acid (RA), and 100 ng/ml Noggin for 4
days. The cells were treated in DMEM-F12 medium containing 1% B27 supplement,
1 uM ALKS inhibitor 2 (Axxora Cat. No: ALX-270-445-M001 ), 100 ng/ml Noggin,
100 ng/ml Netrin-4, 50 ng/ml Exendin-4, and 1 uM DAPT for 3 days. The cells were
cultured in DMEM-F12 medium, 1% B27 supplement, and 1 uM ALKS inhibitor 2
for 7 days and in DMEM-F12 medium containing 1% B27 supplement for another 7
days.

At the end of the differentiation protocol, RNA samples were collected to determine
the expression of markers characteristic of the pancreatic endocrine lineage. A CT
number for insulin of about 17 was observed. The corresponding CT value for
GAPDH was about 19; these data suggests that the cells expressed high levels of

insulin following treatment.

Example 7: Human Embryonic Stem Cells Attach to Planar Substrates
Comprising Polycarbonate Membranes in a Rho Kinase Inhibitor Dependent

Manner.

Cells of the human embryonic stem cell line H9 were seeded onto a planar substrate
comprising polycarbonate (Membrane No. 7) at a density of 150,000 cells/cm? in
MEF conditioned medium. The effect of Rho kinase inhibitor treatment on
attachment was examined: The Rho Kinase inhibitor Y26732 was added to the
culture medium at concentration of 0, 10, or 20uM. After 24 hours, the cells on the
membrane were fixed with 4% paraformaldehyde at room temperature, rinsed with
PBS, air dried, stained with crystal violet dye. The number of cells was determined

via light microscopy. Wells containing vehicle were included as a control.

The cells do not attach to the membrane in control dishes (Figure 5, panel a).
Addition of Y26732 resulted in the attachment of the cells on the membranes (Figure

5, panels b and c¢).
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In a separate experiment, the effect of the Rho kinase inhibitor H-1152 on the
attachment of cells of the human embryonic stem cell line HI to Membrane No. 7 was
determined. The cells were seeded on a planar substrate comprising polycarbonate
membranes (membrane No. 7) at a density of 150,000 cells/cm?® in MEF-CM
containing 20ng/ml bFGF. The Rho Kinase inhibitor H-1152 was added to the culture
medium at concentration of 0, 0.03, 0.1, 0.3, 1, and 3uM. After 24 hours, the cells on
the membrane were fixed with 4% paraformaldehyde, rinsed with PBS, air dried,
stained with crystal violet dye. The number of cells was determined via light

microscopy. Wells containing vehicle were included as a control.

The cells do not attach to the membrane in the control dish (Figure 6, panel a) and in
the dishes with 0.03 or 0.1uM of H-1152 (Figure 6, panels b and ¢). However,
attachment was observed in cultures treated with 0.3, 1, and 3uM of H-1152 (Figure
6, panels d-f).

Example 8: Removal of the Rho Kinase Inhibitor from the Culture Medium
Results in the Detachment of Human Embryonic Stem Cells from Planar

Substrates Comprising Polycarbonate Membranes.

Cells of the human embryonic stem cell line H1 were seeded on to a planar substrate
comprising polycarbonate (Membrane No. 9) at a density of 100,000 cells/ cm?, in
MEF conditioned medium containing 20ng/ml bFGF and 3uM of the Rho kinase
inhibitor H-1152. The cells were cultured for 24 hr. After this time, the culture
medium was replaced with MEF conditioned medium containing 20ng/ml bFGF,
lacking H-1152. After 24 hours, the cells on the membrane were fixed with 4%
paraformaldehyde, rinsed with PBS, air dried, stained with crystal violet dye. The
number of cells was determined via light microscopy. Wells containing H-1152 were
included as a control. Removal of H-1152 from the culture medium resulted in the

detachment of cells from the planar substrate (Figure 7).

Example 9: Porosity of the Planar Substrate Affects the Attachment of Human
Embryonic Stem Cells.

Cells of the human embryonic stem cell line H1 at passage 42 were seeded onto the

following planar substrates: Membrane No. 10 (pore size 0.4 um); and Membrane
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No. 11 (pore size 3 pum). Cells were seeded at a density of 100,000 cells/cm?, in MEF
conditioned medium containing 20ng/ml bFGF. The effect of Rho kinase inhibition
on the attachment of the cells to the planar substrates was also examined. The cell
culture medium was supplemented with .3uM H-1152. After 24 hours, the culture
medium was replaced with MEF conditioned medium containing 20ng/ml bFGF,
lacking H-1152. After another 24 hours culture, the cells on the membrane were fixed
with 4% paraformaldehyde, rinsed with PBS, air dried, stained with crystal violet dye.
Wells containing 1uM H-1152 were included as a control. The number of cells was
determined via light microscopy. Wells containing vehicle were included as a

control.

A greater number of cells attached to Membrane No. 10 (Figure &, panel a) than
Membrane No. 11 (Figure 8, panel b). Presence of 1uM H-1152 in the culture
medium is required to maintain the attachment of H1 cells on the membranes (Figure
8, panel a and b). Removal of H-1152 from the culture medium resulted in

detachment of cells from Membrane No. 10 and Membrane No. 11 (Figure 8, panel ¢
and d).

Example 10: Human Embryonic Stem Cells Maintain their Pluripotency After

Multiple Passages on Planar Substrates Comprising Polycarbonate Membranes.

Cells of the human embryonic stem cell line H1 were seeded on to a planar substrate
comprising polycarbonate membrane (Membrane No. 8). Cells were cultured in
MEF conditioned medium containing 20ng/ml bFGF, supplemented with 3uM H-
1152. The cell culture medium was changed daily. Cells were passaged by the
removal of H-1152 from the medium, and the cells were removed from the planar
substrate by gentle swirling. The cells were cultured for 3 passages and collected for
flow cytometry and quantitative RT-PCR analysis. As shown in Table 4, over 95% of
the cells expressed cell surface markers associated with pluripotency, including Tral-
60, Tral-81, SSEA-3, and SSEA-4, as determined by flow cytometry. Figure 9 shows
the results of quantitative RT-PCR, indicating multiple genes expressed in the H1
cultured on polycarbonate membranes for 3 passages are at comparable levels as in

undifferentiated H1 cells.
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In a separate study, cells of the human embryonic stem cell line H1 were seeded on to
a planar substrate comprising polycarbonate membrane (Membrane No. 8). Cells
were cultured in MEF conditioned medium containing 20ng/ml bFGF, supplemented
with 1uM H-1152. The cell culture medium was changed daily. Cells were passaged
by the removal of H-1152 from the medium, and the cells were removed from the
planar substrate by gentle swirling. The cells were cultured for 9 passages and
collected for flow cytometry. As shown in Table 5, over 95% of the cells express cell
surface markers associated with pluripotency, including Tral-60, Tral-81, SSEA-3,
and SSEA-4.

An alternative method to assess pluripotency is via the ability of the cells to form
embryoid bodies. Cells of the human embryonic stem cell line HI were seeded on to
planar substrates comprising polycarbonate membranes (Membrane No. 8). The cells
were cultured in MEF conditioned medium containing 20ng/ml bFGF, supplemented
with 3uM H-1152. The cell culture medium was changed daily. Cells were passaged
by the removal of H-1152 from the medium, and the cells were removed from the

planar substrate by gentle swirling. The cells were cultured for 12 passages.

Embryoid body formation was achieved by the following protocol. The HI1 cells were
collected and cultured in DMEM/F12 medium supplemented with 20% fetal bovine
serum in Ultra Low Cluster Plate (Corning Cat. No: 3471). The cells were fed every
other day by changing 50% of the medium. Embryoid bodies were formed after 14
days (Figure 10).

Example 11: Human Embryonic Stem Cells are Capable of Forming Definitive
Endoderm after Cultured on Planar Substrates Comprising Polycarbonate

Membranes.

Cells of the human embryonic stem cell line H1 were seeded on to a planar substrate
comprising polycarbonate (Membrane No. 8). The cells were initially cultured in
MEF conditioned medium containing 20ng/ml bFGF, supplemented with 3uM H-
1152. The cells were then cultured in MEF conditioned medium containing 20ng/ml
bFGF, supplemented with 1uM H-1152 for 10 passages prior to experimental

manipulation.
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The cells were then seeded onto 100 mm tissue culture plates, coated with a 1:30
dilution of MATRIGEL®. The cells were cultured in MEF conditioned medium
containing 20ng/ml bFGF for 3 days. Next, the cells were treated in DMEM/F12,
supplemented with 2% fatty acid free Bovine Serum Albumin, 100ng/ml activin A,
and 20ng/ml Wnt3a for two days and then treated with DMEM/F12, supplemented
with 2% fatty acid free Bovine Serum Albumin, and 100ng/ml activin A for another
two days. After this time, the cells were released by TRYPLE treatment to form a
single cell suspension and the expression of markers characteristic of the definitive

endoderm lineage was determined by flow cytometry.

Over 90% of the cells are CD99 and CXCR4 (CD184) double positive and 12% of the
cells are CD9Y positive CXCR4 negative, as shown in Table 6. These data suggest that

the cells retain the capacity to differentiate into definitive endoderm.

Example 12: Physical Properties of the Planar Substrates of the Present

Invention.

The surface chemistry was determined on the planar substrates of the present
invention. Tables 7-10 depict the X-ray Photoelectron spectroscopy (XPS) analysis
and contact angle. For XPS, an analysis depth of approximately 50-100 A was used.
Typically, 95% of the signal originates from within this depth.

Membranes 1-3 contained similar concentrations of oxygen, carbon (mainly as C-O,
and C-(C,H), probably O-C-0), and nitrogen (as NOs, NO,, and possibly C-N, and
R4;-N"). Membrane 3 also contained trace concentrations of Na" and SO, and a higher
concentration of C-(C,H). Membrane 4 contained C-(C,H), C-(O,N), and (O,N)-C=0
and possibly a trace of sodium. Membrane 5 contained mainly C-O and also C-(C,H)
and O-C-O and/or O-C=0. Trace concentrations of Na" and SOy were also detected.
Membranes 6-11 contained C-(C,H), C-O, O-C=0, C-N, CO3, p-p*, and trace
concentrations of Ry-N", SOy, and either Na' or Cr*". The surface of membrane 6
may also contain a trace concentration of chlorine. Trace concentrations of chromium
were detected only on membranes 10 and 11, while Na" was detected on membranes 6
—9. The surface of membrane 12 contained C-(C,H), C-O, O-C=0, and pi-pi*

consistent with PET. Trace concentrations of nitrogen and sodium were also detected.
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Figure 11 shows the scanning electron micrographs of the planar substrates of the
present invention. Two types of morphologies were observed. One type was
characterized by an open network of fibers. The second type was characterized by a

smooth sheet with circular holes dispersed across the surface.

Table 10 shows the contact angle measurements from the surfaces of the present
invention. Surfaces 1 through 5 had contact angle measurements from about 18° to
about 32°. Pluripotent stem cells did not require the presence of an inhibitor of Rho

kinase activity in order to attach to surfaces 1-5.

Surfaces 6 through 12 had contact angle measurements greater than 32°. Pluripotent
stem cells required the presence of an inhibitor of Rho kinase activity in order to

attach to these surfaces.

Example 13: Attachment of Pluripotent Stem Cells to a Planar Substrate

Consisting of a Polyamine.

The planar substrate consisting of polyamine was manufactured according to the
methods disclosed in US6743273, and Schindler M ef al/, Biomaterials 26(28): 5624-
5631; 2005. The planar substrate is available commercially, sold under the trademark
ULTRAWEB™. ULTRAWEB™ synthetic surfaces are composed of randomly
orientated electrospun polyamide nanofibers with an average fiber diameter of
280nm. The fiber size distribution is between 200 and 400nm. The first
ULTRAWEB™ surface tested had a slightly hydrophilic surface (catalogue
#3870XX1) while the second surface, surface (catalogue #3871XX1) was slightly
hydrophilic and was coated with a polyamine material which providedthe nanofibers
with a free amine groups for a net positive charge. Both surfaces are highly effective
at protein absorption through hydrophobic interactions. 5 micron resolution and
10,000X magnification scanning electron micrographs are shown in Figure 12.
However, cells of the human embryonic stem cell line H1 were unable to attach to

cither of the UTRAWEB™ surfaces tested.

Example 14: The Effect of the use of Defined Medium on the Attachment of

Pluripotent Stem Cells to the Planar Substrates of the Present Invention.
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Cells of the human embryonic stem cell line H1 were seeded onto the following
planar substrates: Membrane 1 (mixed cellulose ester), Membrane 4 (nylon),
Membrane 5 (cellulose acetate) and nitrocellulose. Cells were seeded at a 1:3 dilution
in the defined medium mTESR™ and cultured for 24 hours. Parallel cultures un
MEF-conditioned medium were included as controls. Culture of the cells in
mTESR™ did not affect the ability of the cells to attach to the planar surfaces. Cells
were able to attach to membranes 1, 4, and 5, and nitrocellulose. The membrane that
showed the greatest binding of cells using mTESR™ was Membrane 4, followed by

Membrane 5, which was equal to nitrocellulose, followed by Membrane 1.
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Publications cited throughout this document are hereby incorporated by reference in
their entirety. Although the various aspects of the invention have been illustrated
above by reference to examples and preferred embodiments, it will be appreciated that
the scope of the invention is defined not by the foregoing description but by the

following claims properly construed under principles of patent law.

44



ZI  Publications cited throughout this docunent are hereby incorporated by
reference in their entirety. Al though the various aspects of the invention
have beerwol2bummispased above by reference to exanpl es an@#Cprust@onesde?

enbodi nments, it will be appreciated that the scope of the invention is
defined not by the foregoing description but by the follow ng clains
properly construed under principles of patent law. Wat is clained is: 1.
A net hod t opgbdiaghinRj:i potent stemcells to a planar substrate containing
up to about 12% N, from at |east about 12% 0 to at |east about 55% 0, a

contact angle from about 18 degrees to about 32 degrees, and |acking an
adl ayer and alf defigthod g gttaghsplaginotens pigimicelisiy apf@aisuBteontaingit g ni ng a

suspensi on of playkikR9Y@NticH AR a&LIHLE 12800 (Dat 184AINAG $PEoCLEdntRUSPENSi on to
t he planar substrate and allowing the cells to attach. 2. The met hod of

claim 1, wherei ringlaérogedbput Ifrdsgises tarhouwidd degiccs yand lgckingfap adlaydiayd have
attached to thef%ﬂ%ﬁ%ﬂ%&%rc§mpr§ﬁ%ﬂ§%Q%Qﬂpf claiml1l, wherein the cells are
’ ache

differentiated after they have at to the substrate. 4. The method of
claim1l1, wherein the attachnment of the pluripotent stemcells to the
substrate i s enhante®bBjning LEEPHgon REPWTRPEN sEHFelT 28kl | s with a conpound
capabl e of inhibiting Rho kinase activity. 5. The nethod of claim4,

wher ei n the conpound agapamcecRiuspBlidaith ilrglRMAukiRasAdanthivbine i s renoved
after the pluripotent stemcells attach to the substrate. 6. The net hod of

claim4, wherein theCdbripdfask capabl e of inhibiting Rho kinase activity is
sel ected fromthe group consisting of: Y-27632, Fasudil, H1152 and

Hydr oxyf asudi b. The method of claim 1, wherein the cells are maintained in culture after they

have attached to the substrate.

3. The method of claim 1, wherein the cells are differentiated after they have

attached to the substrate.

4. The method of claim 1, wherein the attachment of the pluripotent stem cells to
the substrate is enhanced by treating the suspension of cells with a compound

capable of inhibiting Rho kinase activity.

5. The method of claim 4, wherein the compound capable of inhibiting Rho
kinase activity is removed after the pluripotent stem cells attach to the

substrate.

6. The method of claim 4, wherein the compound capable of inhibiting Rho
kinase activity is selected from the group consisting of: Y-27632, Fasudil, H-
1152 and Hydroxyfasudil.
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