PLURI POTENT CELLS FI ELD OF THE | NVENTI ON [ 0001] The

present invention is directed to pluripotent stem
w@edobasxibmt can be readily expanded in cul t ur ePONUS2009/041413

ti ssue culture polystyrene and do not require a feeder

cell line. The present invention also provides nethods

to derive the pluripotent TSTER cell [ine from human

enbr yoni ¢ st eONRIFROFBACKERERNRI] PREE] CAgvances in

cell -replacenent therapy for Type | diabetes nellitus

and a .shorta f trans Iantab erha

e Do o flar b SR, BBy Tl HoVEORal patent

insulin-producing cells, or b cells, appropriate for
applicaiogrmet 6};593799@1@1@@ @p@yal?mﬁleglnteml ) @qc;e(?a?@g fitkd Sgptember 3, 2008; and

functional b cells frompluripotent stemcells, such

also clfin tpfl@ﬁtyG% aniied, StaBPpROORIoRaSHLENt Qtﬁ)lhcitlolﬁ Q0. 0@]]/047'342 entitled Low
vertebrate enbryoni c devel oprrent a pluripotent cell

Proﬁlelg%\{egﬁasl 1(‘ §§ C,Igg,efa lr%g rjﬁgg o% A I,Zﬁq&é ﬁ’g% g%g% :ﬁlzr:e%%f 1i:)h{h ptﬁg ¢ e]%rgwswnal

knovvn as gastrul ati on. Tissues such as, for exarrpl e,
patent gpglicetions arhiprereorafsdiereamby reé@r@ncealmalelruev@fety will
devel op fromthe endoderm via an internedi ate stage.
The internedi ate st ageBAOKIGROUMNIDCess i s the
formation of definityNR GHOPRcivsuteef i nitive endoderm

i AR By TSRS, B PFares o s

Formati on of the ancreas arises fromth
systemyprds @ethpd iffdtm%ﬁh@g a dew iprfle ydcrapldEgesamin ﬁtsabqﬁan‘&llb%adr clhe low
endoderm Cells of the pancreatic endoderm express the
profilepiarerat até capuageinaludb oammi dkidpassageRBNG fo.petmit theeremoval of trapped
absence of PDX-1, the pancreas fails to devel op beyond
. r‘ r‘ - .
fluid dtulﬂﬁg Ee}fsé sllﬁgggrl]ﬂa?rigrrl &g th\aéq%tre ?]:) Féjl %g%ﬁ?{'nee ggﬁ ﬁIagT{%e hedhss Yor scaling
anogenesi s. The mature pancreas contains, ng
on the@ﬂl & diagetar of {isawperaiesk pf ﬁ@ tubiag fngsh dAléﬁ“a%ibVﬁIYn ¢ mternal tree cap
ti ssue. Exocrine and endocrine tissues arise fromthe
may irdivdeencans foatseading of theamppergetg scabpabdittesfin tupd@dahgeCel hibing hanger
bearing the features of islet cells have reportedly
The §htbi&rde ' tohaBhehle- MOHSRals B8 wing the t
o By P iR D 0 IR fOvwine the e
ort differentjation of mouse enbryoni c stem ceI l's
“mt°L6BW%§ﬁVﬁ%1i%EW%tlng structures sinmlar topancreatic
islets. Soria et al. (D abetes 49: 157, 2000) report
t hat i nsulin-secr Besariptmaldf shedRelateddAiftr om nouse
enbryonic stemcells normalize glycema in

Shob pt& ZRsLe vy ﬁ?s@mgl h'n‘fchm& & treb %%Q@]lse'd% QEtss the well
exanpl e, Hori et al 9: 16105, 02 dISC ose

at tr eat errbr | m cel |
bore. el itk B e&ﬁs&:ﬁaﬁﬁ% il 8ot %Oepem%%?ﬁ% to the tree
pr oduced ceIIs that resenbled b cells. [0007
spool. dffsttreercapiyarmelle incBidgsenszarimae sels thitRrAEspeed eenzirhaa)ee cap
reports the generation of insulin-producing cells from

and thérﬁéhs@osrn?@ (SJY&Hdié?a ScaPRRHE 8 the GON &I dnl tHMEdXpSNPVEISRI iRdalling a
Pax4 Mcal lef et al. reports t hat ret|n0|c

tree ca df Péﬁhﬁ *{r%fi‘»’?ﬂeppﬁfen’ﬁ?l eSO i SR g ifhttation

Retinoic acid is nost effectlve at inducing PDX-I

procesex phespslsare ey eatepacntdo e tragreap saitt isdiayportansfto prevent damage to
enbryonic stemcell differentiation during a period

the sedtPdurRSAROELMA0atlon prHtRseOhcdla ¢vieheddtétial dunidde tRIFe sy is to
(Di a{g%t es 54: 301 ptr2005) f@%&M yt?zakl et aalg.
reports a nouse enbryonlc stemcell |ine
over-expressing PDX-1. Thein results show that
exogenous PDX-1 expression clearly enhanced the
expression of insulin, somatostatin, glucokinase,
neur ogeni n3, P48, Pax6, and HNF6 genes in the
resul ting d|$TﬂBrS&rITLHiFeaHEé1T (sRUbEa%)t es 53: 1030,
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mediumis conbined with a nutrient serumeffective to
support the growth of primatederived prinordial stem
W@elba3amd a substrate sel ected fromthe groupPCT/US2009/041413

consi sting of feeder cells and an extracellular matrix
conponent derived fromfeeder cells. The nedi um
further includes nonessential am no acids, an
anti - oxi dan and a firs rowt h. f ctor sel ected from

land th ige @%Po%%earrg.sgrql ¥oBfe e dice 687 Helbo &g SOyl it onergize or sct
salt." [0026] In another exanple, US20050244962

the sealg patvessn thq secwivd teegsep end Fhe trasvsenel oFhipsasies @ésteas mey engthen and
of culturing prinmate enbryonic stemcells. One

complicatd ther mstatlbgors parcesel Taus, Nt anayubd beee fesd eot had Ithe fsede in a non-
of manmalian fetal serum (preferably also essentially

energizéd @tﬁteozindaﬂﬂ}én AR SRIH ReufNthel thec & tﬁﬁﬁ@ @6 &p&dl and energize the
fibroblast gromh fact'or that is supplied froma

other than just a fibroblast feeder layer. In a

Seahng%fr%e erred form the fibroblast feeder Iayer
previously required to sustain a stentc ul
r"@ﬁdeifﬁ%r IRHAERL Q8 (FepgAn Pt SERiFd g oRe0! g%rr et Ths, it may
fibroblast growth factor." [0027] In a further

be benefixabrd proviez0080683h4t dics ebbrayira ageftiouéd radigloergmiation to land in
culture nediumthat is essentially feeder-free and

and scc8RS o fidcePools OTHY ir&d ¢ may ba sdlagBlelyn®aintdted B a Amning tool and run
anmount of bFGF sufficient to support growth of

to the t?éé%oé‘lntthhﬁlg]h% ng,ghé frl@ére Nhi @rednMRIPIRLEGH], §-EMES/ o;%rated vehicle

an amount of insulin sufficient to support growt h

“ROV@ erioit bes ltéS%gtt% Iatlml tﬁ gr dlﬁ%{ & tgntrlgegl %pr@eo%l an(g{g)?rgmg 3 e{ng t{te fireée cap and
support growt h of substantrally ndrfferentrated

set or cRghEag) hancdingnsledents. [loowg)be benghigahter Prexidsyn Bee cap that could be
WO2005086845 di scl oses a nethod for mai ntenance of an

installedinigichee teemtunaingdositremtiveidh, a wafive ristrivodt erenped withgn ROV.
exposing a stemcell to a nmenber of the transform ng

@haW Anf iactaed Bt aap T prdjedt dbpvefthetet apdsl, pRsdeiiies potential
of the fibroblast growth factor (FGF) famly of

C d
ot T cﬁe DRcRRaETRHDY e am inigray tree cap
f sufficient anpu t 0_achi ev

having alosvr Pty wBaF ot G5 gy rAmapor oainilyT iPe i Y GpSspoo creates o
pancreatic_endocrine cells, pancreatic hornpne

fluid bagsigsy whighrig beraticaal to proyspicthe flopcolidfwindhe weHbar g to increases in
cells from human enbryonic cells may require genetic

well premniepulatéased ofellt presthuermmyecdusy o onddsend epas]d movement of well
Transfection of human enmbryonic stemcells using

equipméiitalichia@Ralibih @ GBAYH Ubtfead P is1RE in fHRItrX% ?B&l gt would be beneficial to
| i pof ectam ne or el ectroporation is inefficient.

prov1de[ PR30k, la ap g aﬁ?oqrﬁ%e% 5.1%0%21‘?6%1%‘3?@511 Erlbiﬁg gp ?%I)Sptggentlgtg)undesured

pr ovi ryonic stem

| i shj n r | | fromth
upwardgﬁttév%%pgf pf ngr]t amﬁ gﬁe oﬁ,p%%épﬁet ora%(?@f ?oqtlfg%tgatf\oéts o¥ ?ublng hangers
sel ected based on its ability to self-renew.
may bepngflayegbvithing thcqrsnaebd THes.dt ey yabansticigbivaprorvidg el free cap that is
based on their inability to self renew. Preferably,
modulat keatpmggiene thorconetdted tneadicusieconfeuralr adepteadlto sdvkddawn differing
the absence of co-culture, preferably in the absence
tubing ¥heégeder cells, which preferably selects agai nst
n%ryonic stemcells. Optionally, the nethod conprises
(d) deriving a differentiated cell fromthe progenitor

cell line. [0031] Therefore, there still remains a
significant need to devel op conditions for
establishing pluripotent stemcell lines that can be

expanded to address the curxent clinical needs, while
retaining the potential to differentiate into
pancreatic endocrine cells, pancreatic hornone
expressrng ceIIs or pancreatrc hornone secretrng
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[0049] Figure 4 shows the norphol ogy of expanded

EXPRES cells at PO, at day 11, that were cultured in
WQ2%05BR169 DVEM F12 + 100 ng/ml of Activin-A ( PRCEUS2PI/N041413

or 2% FBS + DVEMF 12 + 100 ng/m of Activin-A + 20

ng/m of WNT-3A (Panel b). Panel c shows the

nnrphology of the EXPRES cells at passage 3. [0050]

Fi 5 shows the real CR anal ysi s of expanded .
REEIEE TR e HeBsc vt dhs RS0 T ReRicR £35 HBANC tree cap s
- ng/m of Activin-A + 20 ng/m_ of WNT-3A for three '
being instpdlsd gato. a pemwiooh) Thie playtbs pexpematid ton adighpwpighBirge cap as the fluid
CXCR4, GSC, and SOX-7. Panel b) depicts the expression
may préfenSMO¥-tict, capATdndroponly liNAng onaha tref Bp&dl] Hurthdr, ahG sea water may
shows the effect of the addition of Wht-3A on gene

cause c@?f@sﬁ@t?‘ of ¥ind Bf %Pﬁ{%%a@ ?lﬂl‘@of fRank @) HERLIGLS trre@ QstéhWBch as the
CR expression of GATA- 4, and HNF-3 beta:

VX gasggcalﬁ W%gglféj 3%%{6;?0 ;}rtov% d}é&%F E&grrﬁfeég’ %}Q trﬁgé\BdA}ﬁlﬁld f%r%f within the
effect of | GF-I Ctl i n-A on D

cavity oiyths Bes54pn ki “ﬁthE‘XrﬁRE@sﬂg &F i%gne it thiy) mﬁ"é}ﬁ@g&?‘%ﬁ’@@fi £¢r the injection
PCR expression of SOX-17, GATA-4, HNF-3 beta, Bry,

of a co@@Ry inhgngr @3Min eriede dap. depd @tcb,arr@an présyere p@phln the wellbore may
expression of and SOX-7 and AFP. Panel c) depicts

make itrdifflcuttitoieerER @ pice $8p GidnDihe GSE-sfool[ AORBNildFbnefiBial to provide a
shows the norphol ogy of expanded EXPRES cel I s derived

flow paﬁ{ SO thErem EHT RNt @@rﬁé%.b&: totRMiseink PrdsBre HBo@L atﬁﬁ%f&g ®he tree cap
cultured in 2% FBS + M-Fl + 100 ng/ m of

¥ 3A. .b) 2% FBS + DVEME 12 + 100 ng/m
tofacﬂ%afte%& eyt i Wb SRR O of 1 Gt

[0054] Figure 9 shows th expan3|on pot enti al . of
EXPRES 624 | léhana(yzbe&puoi; Gupthredl o 4 sH0% Quincisase hydrocarbon
pol ystyrene under hypoxic conditions. EXPRES 0 1 was
productgul. t Goreatnfiona® %cFB&srmpivhet U2cquig@d tngyittistanfl fd pre@@ire within the
ng/m of WNT-3A + 50 ng/m of IGF-1 and EXPRES 02
annulusC@td $herproduéetitnt bsred Thus% MBS te Dbhdficld 6 F80idoad e Qhp that is
AA + 20 ng/m of WNT- 3A.[0055] Figure 10 shows the
equlppégﬁxgglg ‘r%g .8%%“18’ alﬁﬁgﬁfﬁeff}%ﬁ ?%a?sggi %@geﬂt @%ﬂeﬂ%a@qaﬁ@ b fluid through
e culture pol ystyrene) in DM F12 + 2% FBS + 100
and/or a%&‘}‘}ﬂstﬂ $%4h ng/m WNT3A + 50 ng/m of |GF-1. [0056]
Figure 11 shows the protein expreSS|on as det erm ned
wypsIFAbSligh exibreEgragomee & veuldibopdesyrable toprewie @ trgmyean that may
a) shows the expression | evels of E-cadherin, panel b)
simultasdvowly tehrecexptes storpdotuad snangizCXOR4 a spamel elmlersh dtvwsould also be
the expression levels of CD9, panel d) shows the

beneficRX RS foviden ﬂr@/@psthﬁkfm% ¢ nktalRanEth £ ursP\&ol th€ough a marine riser
expression |evels of 0, panel f ) shows the

I I LItF t
or be lngf)égécggezlilcgﬁl lu§¥1 ah 1@ \% F\IA“)%S % lgeglﬁgpéﬂga prﬁ‘)ldég(?%@ chfthat may be
a collatglsgm) ? Blﬂ lqc&‘}%} 1216%[{5 fgg%&]{?%}%?@ nefi n}gvgsmh OE 0:{ Wgﬁhead equipment,
expression | evel s of SSEA-3, panel % shows t
such aSewrb@%h@nger,ewehlg pfressEml4, It amldvb% pneficiad ﬁ@\mo‘tl%the collateral
expression levels of CD56. [0057] Figure 12 shows the
beneficial ddoking mxgprsessa awdakr debamnint edrmiytideAGS later BEXRRES 002he locking
at passage 2 1 cells. Panel a) shows the expression
means to@VedScapf TEweANRI lenefiANG! pr&)idS AeMWE chh tha€KP@RSHiaNthe top of the
| evel s of CXCR4, panel c) shows the expression |levels
of CD9, panel d) shows the expression |evels of CD
17, panel e) shows the expression |evels of CD30,
panel f ) shows the expression |evels of LIF receptor,
panel g) shows the expression |evels of TRA 1-60,
panel h) shows the expressidn |evels of TRA 1-81
panel i) shows the expression |levels of SSEA-1, pane
j ) shows the expression |evels of SSEA-3, panel k)
shoms the expreSS|on Ievels of SSEA-4, and panel 1)
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(y-axis) to undifferentiated cells fromthe human

enbryonic stemcell line HO (x-axis), panel b) EXPRES
WwW@O@2000251189 (y-axis) to undifferentiated cells fPCIUSI089/041413
human enbryonic stemcell line HO (x-axis), panel c)

EXPRES O 1 cells (y-axis) to EXPRES 02 cells (xaxis),
panel d) EXPRES 0 1 cells (y-axis) to cells fromthe
h n_enbyyoni c st cell i t hat
tree spa PYige S 288 Tn BTURFR b Dol dotiar i iEyeasi N (o provide  tree
panel ébEXPRES 02 cells (y-axis) to cells fromthe '
cap thahmf@mtsé ropsryibokswater gapped| hotweqaathe ige chaeed Hisewbsea tree, permits
differentiated into definitive endoderm (x-axis),
the injepasrebf fluidibao#wftae eret icap.eghdopdrhsts ftho pyddiieativmmanpressure prior to the
enbryonic stemcell line HO (y-axis) to cells fromthe

rernovahé'me tRERAY. ONtiveoudd 81 BElbkndficdd hiBrdvilita hay @apbtﬁ%ay be adapted to
fferentiated into definitive endoderm (xaxis).

mbvum %Zﬁ&”@n%%&ﬁhééléﬂg Cethe mor phol ogy of EB bodi es

I1's. [0074] Figure 29 shows

gene expressio s dete d by real-tine
B s TB pronent s SeIeH tp ONECoRENg: o of e@ﬁé@%}@m&@e effects
02 cell line, and cells fromthe human enbryonic stem
of, one gemprd ¢fribe Hsmatsetpfaghag@VMS foll owi ng five weeks of
transpl antati on beneath the kidney capsul e of NOD SCI D
m ce. Panels a-e, show SEsMMEXRYnarkers. Panels f & ¢
show ect oderm markers. Panels h & i show endoderm
Hﬁﬁ]kebﬁe eﬁ%ﬂ&lmdnt SHRWSHEMRLT RecTBY M 28 HHRIG6IRin that has a
nar ers. Panels k-m show pl uri potency narkers. d%
central gQ un[ggruggmsgjh!%om tdg]%llg rgﬁ’{mggh 1 gtulglg%] g&?ﬁ%}é ehbe u (E:{{feﬁld of the inner
. incorporation. EXPRES 03 cells were cultured. in
housingingipdgsrviighfecprobls ipr enseaementwithe mﬁ&ﬁ’@lto%l) Té’étl‘i"wrrﬁnfd\ of the
(100 ng/m) and wnt3a (20ng/ m ), panel b) Activin-A
inner hqub01g 1mgerivipd amidhe waviBaof{ Llowgt hdn)si@q dlHeGrngr0nsihgis)ymovable with
O her cells shown include, panel c) hES cells (H9p43),

respect Fathe llowldr HoBin @ bivekh WirGndies bisufdpdr ardndlop@n 6t lagded position.
mtomycin treated MEF cells. Panel f ) shows the

Inthe IGFRH 2@*@%%%%?%. P oo o7 %n%féﬁsu P BRI Eg husing
0076 31 sho he tran ction ef I Ci
bswr o8t bETHF e PiTudepae G BoGEhn S afaiipi e K portion
nmbryonic stemcells plated elther as single cel

of the 1‘2}1’@6@%1%111% ABd Bye certral oppeiisg of the lowen andigd the ianen Kppsigg and also
hrs later by fluorescence m croscopy and fl ow

includes y speately rinPdme ks 18fatshbate cctatha vphéraind ed tierlome EXRIRES add a first
1 cells. Panel B) shows data obtained fromsingle cel

exteriorthhS RIIESHAAS irdkr RGUXBE. EMRIsyRNlaehSRMy 6 tHeSex@dtfdr BaNRlinteinal tree
shows data obtained fromcell clusters of hunan

cap and%mo}eéglg!e BVl af Slded Poilﬁ’&qid @r(gﬂér osiiofi NIHE sP Ao ?in% is

I'ngs representing de oge ase enzyne act |

us cel | S neasured S ass y.for
initial g Spopng) PSRN S S P eEhh i %@%@? ook Diyehe fHe movement of
(apprOX|nater 2199, b) EXPRES 0 1 cells cultured in
the innegdgppsing to) thekprEST (rched]nosition tha fitstiexteriostshowgeraneyes the split latch
oxygen (approximately 21%, d) EXPRES 02 cells
ring to tubiter @dition. 384H2 ditargositivh,ahs spl[t0ZIB1ing cagages 3B ckhgysofile in a
gene expression as determned by real-tinme PCR for
tree spoblEdRESNOtht ikimat 8bd SapSiatededdpod 0000 cel |l s/ cnR on
tissue culture polystyrene in DNENF12 + 0.5% FBS + 100
ng/m AA + 20 ng/m WNT3A + 100 nM GSK- 3B i nhi bitor
| X.. Panel a depicts expression |evels of AFP,
Brachyury, SOX-7, and OIrX2. Panel b depicts expression
| evel s of CXCR4, HNF-3 beta, GATA-4, SOX-17, Cerl, and
GSC. [0079] Figure 34 showst protein expression of
CXCR4 (Y-axis) and CD9 (x-axis), as determ ned by FACS
for EXPRES O 1 P27 cells cultured on tissue culture
polystyrene in DMEM-F12 + 0. 596FBS + 100 ng/ni AA + 20
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Islet- 1, PDX-1, NKX6.1, Pax-4, Ngn-3, or PTF-1 al pha.
Cells expressing markers characteristic of the
wW@aensavd c endocrine |ineage include pancreatPCI/US2009/041413
endocrine cells, pancreatic hornone expressing cells,
and pancreatic hornone secreting cells, and cells of
the b-cell lineage. [0098] "Cerl" or "Cerebrus" as
used rein is a ne r of the cystejne knot .
BiBer # S Bb Sitier Fisbishy « pRaR eSS by the spli
refers to the stromal cell-derived factor 1 (SDF-1)
latch ringeanglps also pasigenddrisoundase firESTRriopshoutdgs phthe inner hpvesing. The
gastrul ati ng nmouse enbryo, CXCR4 is expressed in the
supportdgigi sapporsen lank eché tovatd dinedpasivnticdupport ring and also being
extraenbryoni ¢ endoderm [0100] "Definitive endodernt

positiorRd aHSRE tREFiR} BxtE8dahSulder Sthé mindhhGRiReaheldd&nward movement of
characteristics of cells arising fromthe epibl ast

- rj | ati i .
the innf ol BRLTat A Ao RR holfRbRenb Bt blfhuticrest beoping it
arger dGRGST AGAAT ST RSOMTE A P st OO G SBRBAG, The support ing
CKit, CDQ9, and MxII. [0101] "Extraenbryonic

along wethdbelsacaiid exteristesdiohldeictrinsethe prergiged bplspedlan positiof along the
cells expressing at |east one of the foll ow ng

exterionBaries of thS@ker hoAhdg, EHRbUBPAREG. coht82] sealligsuzface in a tree spool
"FGF-4" "FGF-8" "FGF-10", and "FGF-17" as used herein,

providi@%@ sABBG/en Afc ddR&pbhbInAMASErBr M ihRetP el 4P.1 Y-
[0103] "GATA-4" and "GATA-6" are nenbers of the GATA
transcription,factor. famly. This fam|ly of .
bhhecienbieB! PSRt RS olpatir e Fige W g sl ppening of

. and contribute to the mai ntenance of early endoderm = .
the inngghppdpg that M@Qﬂa%lecievﬁezwa, loysT pRYPIHEWEANHIPDRIERQSHION; Gh Spring is

the glucose transporter nolecule that is expressed in
positioned ipetvoags afsboalderanfdhacdipansion phigewd thavoherdiady ipeoropresssd when the
liver, intestine, brain, and kidney. [0105]
expansiofPRSES @i &K' lo®ler pésHiion. aBhudsid sheiieisibiase@ temdvd he@xpansion plug to
honeodomai n transcription factor expressed in the

. 3 | 4 . .. . " " .
s upp 30 8ion.| DBGRL e IEioR ARt P W ERE g Elp T TRr 4R piye
. al pha', "HNF- 1lbeta", "HNF-3 beta" nd.." HNF- 6" bel on
SeleC“VFfé’qFﬁEfeﬂé‘b B!iei IRVERIS Lo BARPEr LN V‘%S?d% ﬁ%ﬁ%%%hi ‘B’teP‘&ﬁg ofa
. factors, which is characterized by a highly conserved )
retainerpigg thatrit PadtiensdIchY R dhe NBCKs I AAf HXGKPRRTIOR PIYR. An expansion
domai ns. [0108] "lIslet- 1" or "Isl-1" as used herein
ring preivsnta theewtyastionfof threcxiphddidropee ddintaithe haeri Hopsiog is in its upper or
transcription factors, and is expressed in the
runningd®¥RIo@Pi Ng pancreas. [0109] "Maf A" as used herein is a
transcription factor expressed in the pancreas, and

@tﬁﬂt F Qrnt A&y SXRE 68HE ?ﬁhepflo@sﬁﬁﬁf 6&1@%%%’{6&1&@6% D the

I osynt'hesi's and secretion. used

herein, are nucleic acid.or, polypeptide | ecul es tha
cxpansighs SR MO ES BHVAL] 1P & REFRSSde PROSUSNE. JPRTHLEs Bdpoatithabove
this context, differential expression nmeans an
the expansiangingethilethe [infep hogsipwisiin fheaupipg epsiden Bhajewparkegvement of
| evel for a negative marker. The detectable |evel of
the exparis@nmanrgk@nrmits dloeipeing o pushrthpetpapsph phhg upsvasdsfdauging tiel gxpansion
hi gher or lower in the cells of interest conpared to
pins to Rt TRIWpSrardpEstidnGHtthd B§afsibh pRiy rhalt REMS theGpNt AR ring in its
identified and di stinguished fromother cells using
any of a variety of nethods known in the art. [0111]
"Mesendodermcel | " as used herein refers to a cel
expressing at | east one of the follow ng markers:
CD48, eonesoderm n (EQVES), SOX-17, DKK4, HNF-3 beta,
GSC, FGF 17, GATA-6. [0112]s"MxII"™ as used herein
refers to a honeobox gene, which is marker for the
cells inthe primtive streak, nmesoderm and endoderm
[0113] "NeuroD' as used herein is basic

n o o r .



on a tissue culture substrate that is not pre-treated
Wth a protein or an extracellular matrix prior to
w@eovasiinyg the cells. [0140] I n one enbodi nentPCT/H82009/041413
present invention provides a nethod for deriving a
popul ation of cells conprising cells expressing
pl uri potency markers, conprising the steps of: a.
Culturing human enbryonpic stemcells, and b. Renovi
outer DGO BINCD, LT SEBLENALIT SHPABNE OB TR HaRHon of the
hypoxic conditions, on a tissue culture substrate that
expansipg pistis pove permaiie@duspotthe autpiant eipansien ahthexxpansein riigarlhe
matri x. Cel |l culture under hypoxic conditions on a
downwirndgsareneut dflhe isbbbdusatgealidh@iuséssha fitst pxtetioediveldcnof the énner
protein or an extracellular matrix [0141] In one

housing@BRRNNBOLplit Ud1en £8S t&it@é&ex%ﬁsftféh%ﬁgé@{i% b IQXRPIE in the tree spool
S

conditions, on a tissue culture su rate that i s not

securiné%%hiﬁggl\%{l gg@ geﬂa tﬁ)ﬁlg f?gee%pltogi. afl%eg@otéxyﬁ%w)éaé{i %or\{?r’?lg taIS]O ettll%f%izes the bulk

n an a er na me e ce
re cul tured _under hypoxic conditions, on.a tissu
seal Seagag therxtg i of ¢ 1@6?1% reg camwtth g seal @EpTil Pﬂtfﬁﬁree spool.

extracellular matrix for about 5 to about 20 days. In
mnsial The merealdrdgedp mantalsotihduded lewanassaga hronghdthargecap. The
hypoxi ¢ conditions, on a tissue culture substrate that

flow pabsag8 aiay poahi€ thowquhiliArioR ¥t pieesird abodt ar@below the tre@bap)the flushing
15 days. [0142] In one enbodi nent, the hypoxic

of the tfe® 6915}0& & ihﬁc@&f-’é‘ft ankitthighot %’elé\p%’é tr&0%h O jpoh Indllation of the

al ternate enbodi nent, the hypoxic condition is about

imemal i S0 BSHELPOR 'S BB kb T DR DS gt
be culture under hypoxic conditions on a tissue .

below the,npRs eng 98’%1? (5E épqq%-a& h¢ landeg infraalitics sppmayjais piovide a collateral
protein or an extracellular matrix, in medium

beneficmb lchingimmgpns éorartpbiag hangan alkcadyrsdcarcdwithin hammde spool. The internal
Al ternatively, the nmediummay also contain | G--1.

tree capl fddydiko Teeudeul lbwelasemammm?aiha\aq)@ﬁ@e@m tubing hanger. The
concentration in the range of about 2% to about 5% In

1 1 oy iRl aAL Gl %am | ZBAL & njcBB-t5 HHNCARGERNRE AR hdH¥r. Th

°W“‘§£“%§ouf'2§) 0145 Act?g?n-A may ge used at éﬁf AHEer ©

. oncentrat.ign . fromabout .Ipg/m to about | /m,.  l.n

internal GRRZE0 koG o s 4 B FER s o el PR oy Ml iat ot o
about | pg/m to about | /m. In another alternate

metal-tesfhs iSprd wtith the Bibaenamger: akhcdRtcre) e caday farpgp metat-gp-metal scal
about 100ng/m . In another alternate enbodi nent, the

with thewergobdl ataddriomay theeenatpoaed bilngpahi Attanativaly, thaddriksedl may be
In anot her alternate enbodi nent, the concentrati on may

replace®®itARAHEta 1R0MEIa M eal. [ PHAiGlerdd @re¥\0ip M@ AittheFBIELRR a stinger
sel ected fromthe group consisting of Wit-1, Wt - 3a,

connect}é@ttq/@t@}%?gl h\éﬂgfng %f tﬂen[re%rb%p.e%g\g ?dnﬂgn :inttlﬁb:tr%%s%po})f;, ggn ing element

n an“alternate e

i.s Wit-3a. [0147] .The Wit. | i gand. may, be. used at a
on the Si5ge Y E#bA SO dige Sffaf#laﬁ R iR U BeIRERH - 1 n
an alternate enbodi ment, the Wit |igand nay be used at
B1eondBaintnaldreesrp apgurclpdhylower aganigsdhat mapohgornectedto the
one enbodi nent, the concentration of the Wit ligand is
lower hatsing. Plinigivet ad pict Bjayl icHudle adyasbencisatin@tlement adapted to seal on
concentration of about Ing/m to about 100ng/m . In an
the outcldiBRAG T teMR ABIRtof th)@ibl ah?&y Terdizelh@dledent may be
concentration of about 10ng/m to about 100ng/m . In
one enbodi nent, the concentration of 1G-1 is about
50ng/ M. [0149] The cells expressing pluripotency
mar kers derived by the nethods of the present
i nvention are capabl e of expansion in culture under
hypoxi ¢ conditions, on tissue culture substrate that
is not pre-treated with a protein or an extracellul ar
matri x. [0150] The cells expressing pluripotency
mar kers derived by the nethods of the present

o oy o T Y Y 1



[0168] Anot her desirable phenotype of propagated hunman
enbryonic stemcells is a potential to differentiate

WO 0918809 s of all three germi nal |ayers: endoREr/n$2009/041413
mesoderm and ectodermtissues. Pluripotency of human
enbryonic stemcells can be confirned, for exanple, by
i njecting ceIIs into SCID mce, fixing the teratonas

form u 4@6 arafo dehyde, .and t hen .
compﬂeggﬁqhmdﬁ@ﬂdt et BT bt Thy® POrC @A e pag gnd wit
5%5 fromthe three gern1|ayers Al ternatively,
minimizs! damage te theyubing hiegedaed: ifhedawbradeptst peraitsithmires cap to be
enbryoi d bodi es and assessing the enbryoi d bodi es for
modulat idapping genee cap torbe kexidn assasiappBchtions. hFdrfegatnbleg e stinger may be
germnal |ayers. [0169] Propagated human enbryonic

connect3l &MHEebver ddﬁﬁt%r B 98 lslaiwpwﬁe@ al%ﬁétﬁ‘lgllﬁseﬁt RABOAHA installation of
Gobandi ng tec ni que and conpared to published

t n H
the treeg eé e tﬂ%&ﬁ?e ]btpg Irn%?acl:gl I%gﬁ t gg& oz \eg %{h?n ﬁr%ﬁrlépgrsplué gea'l ﬁroﬁle of
mhlch means that. the ce eupl oi d,

the tub% p olach p%qwd% raril ORMSHD Sisnbigegiaad 5#%@@1%&% i dihe stinger may
noticeably altered. [0170] Sources of human enbryonic

include gwe metad lipsscalFppadiog a birduectiondl seahi Thegqireftesé theslonimadapter may
may be used include established |ines of human

be confRAlitdyto pirevideh tellatanl bepdfifinlootitihg ssend wrvasduaddnfigurations of tubing
gestation, including pre-enbryonic tissue (such as,

hangerst Of exanpl e, a blastocyst), enbryonic tissue, or feta
ti ssue taken any tine during gestatlon typically but
not necessari before 2 2 eks
Jus ar R RGP IR TRbEe A0 fpatERESen inulgee spool.

man enbr yoni c st em ceI | s . or human enpryon

The mee@ml%du%ﬁiﬁéﬁclyeg afbgre RRIHISN Sunnifg teahitp e}?sl%rmfc lgpg fhe internal
cell lines H, H7, and HO (WCell). A so contenplated

tree capi. SThedeckifg piodicio mp ais innicoausofg thitiis movsldE bstwreen dumnimigg position
the initial establishnment or stabilization of such

and a la€@lel Positién Wh€Methdd endliks muﬁ%ethe entbmal@ed chphe apick RPEA with the
pl uripotent cells taken direc y fromthe source

bore pr&tb@tﬁuﬁﬁm 88 C%Hﬁéc?ﬁ t5 anrﬁfs%llfl KRDnE MR hmal tr ge C?‘P on top of

urlpotet stem ce popu atl nareaycuture

ence, of, fee ita mu

a tubm%%ﬁr PRRDS Sty Cng?ﬁt%GﬁﬁOﬁL? fﬁ %pooést‘lh fggt 0? SirEheliehes
BG&O v, (BresaCen, At hens,

droppmemlw ap Rk OB BT, djm“él the émlémqgs Télﬁéiemce bade gn ggnovable
descri bed by Thonson et al. (U S. Pat. No. 5,843, 780;

piston dB¢heelmoe pRB8&tdridsning 888, The pistonTie proviele up@i pﬂess@@wilﬁﬁl the drill
ff., 1998; Proc. Natl. Acad. ScL U S. A 92: 7844,

string. 188 %tho[d@ls&hcl@'éstlﬁé@a@ﬁg e ms@wlmme (ﬁﬂl@%l@éﬂ(ﬁmovmg the

I n one enbodi nent, human enbryonic stemcells are
inner h(ﬁ#é n%g fgger 4 é‘nﬁ'a[l(ﬁléle tc%,j]% ﬁrﬁl?)%tg% @?ogtcg)g)lg? %I?eqtafcﬁlng%ogﬁlgﬁ The
rol.i feration .of hu stemc S W th :
moverBHQE s 1SUNCE SHETIERC Pt MEGR HEETIGHal Fercag DAgtFkite profile
human enbryonic stemcells in feeder- free culture
of the tigp spralend pidraizent bkised of thednfsprl freeicarsi ng a medi um
condi tioned by culturing previously with another cel
tovipe. T trethodtrayefuythett inelude malingfthdioumaingaodirfyonitte internal tree
stemcells in feeder- free culture w thout
cap as tHé Tfn8F BAUlsindth&ves iisto SHPR IR odRIoRY DArbBeRd &@hing step, the bore
defined nmedium [0173] In an alternate enbodi ment
human enbryonic stemcells are initially cultured
| ayer of feeder cells that support the human enbryonic
stemcells in various ways. The human enbryonic are
then transferred to a culture systemthat is
essentially free of feeder Tells, but nonethel ess
supports proliferation of human enbryonic stemcells
wi t hout undergoi ng substantial differentiation. [0174]
Exanples of condltloned nedla SU|tabIe for use in the

e o - 1 1NN NN NN LN ™ N A A —



[0192] Differentiation of human enmbryonic stemcells
into cells expressing markers characteristic of the
waledoonszipye endoderm | i neage on an extracel | ul BET/US2009/041413
matri x, using a single culture nedium In one
enbodi nent, the present invention provides a nethod
for differentiating human enmbryonic stemcells
ressin rkers haracterlstlc f definitive.
protectq) {RHRES 10T FHLCRIBCCES TG s Fha 3 un Gt & PRt Hagr o the
t he human enbryonic stemcells on a tissue culture
tree spoglibJihe arcthagdoaetirther incluide eswaliztel nredsaie wighin ithe, tregrigo@l. below the
Culturing the human enbryonic stemcells with
internalagdeicdp M- thn greasivhabdvicganohterh4 1238 fcaf theowghl 4 fiswe cirewit innthe
shoul d contain sufficiently | ow concentrations of
1nternal%9eretc§b Br ffkiag e qu@d b A i %p@élftlfn%[lgﬁ‘ﬁ 'ﬂ@W QRuffin HeMBRmal tree
enbryonic stemcells to definitive endoderm suchas,
for exanple insulin and I GF (as disclosed in
W02006020919) . This may be achieved by |owi ng the
serum concent i on lternatively, b i ng
e Aapihgr @?ﬂh@anwéa.r%e " Fustalling gl 8 cfren & tree spool
Exanpl es of chem cally defined nedia are disclosed in
that incideemoring|thq Bigsnabdtek cRet, a tteOPopk bl IRsintepugt (rey cap includes an inner
241-8.). [0194] The cul ture nedi um may have a serum
housingcthaicie Riovable ®Btwden taligniing pesitidn @kiolatdBiect o shipau tThd @er housing
In an alternate enbodi nent, the concentration may be

of the nﬁt@rnfah@eer @PIEMShs FPAY trulgﬁlﬁ% Mhl%/ﬂle hite@R] fd &%Q§Bl%ved to the

nbodi nmen the concentr I on may be in the range of

t 0%t t ZW an_alternate t he

e B0 B SRR 19 B Pl tfeﬁfégfn-???e 84 ﬁé@m&hwger
culturing wth act|V|n A and gand nm

connected gihg 51@% $paol @g?, rerpotgly fgtuating ggeénnqr rliloﬁﬂn%Pf té% htge@al tree cap to
enbodi ment, the tine of culturing may range from about

move frondthy riroirheesiticd td dlyslatchmgaosdione Mhatmevemboidifiteninpert hising
time of culturing may be about 3 days. [0196]

simultaAéduk i 18tcRestBY i@ SEd cab tainibck MGRofile df Htr&Wpbalaing chérgizes a
cause differentiation of the hunman enbryonic stem

bulk seag%lf kiR IP% ?%n_{:] Eﬁ? n"flgetnﬂlgtﬁtog?%é ?Iéécl{é% g&%ﬁ%t( )l\,p@ Iﬂé)vettﬁe internal

; co ﬁeptratlgn may be about | pg/m to about 1ng/n1. In

ree cap g M98y MPer nat e enbodi ment, the concentration may be
about | pg/m to about | OOng /n1 In another alternate
etodiremer cnbedipgpictibe atteﬁf‘élﬁ dpelpswe indsrsteddomgimEmpbtree cap.
about 100ng/n1 I n anot her alternate enbodi nent, the

The trec capo@nteoniprisnanmmegypeb bowddag havigDagpyer efd) EQG\}/eermd, ool gmtral
of the Wit |igand may be optinized to inprove the

opemn%?ﬁfdd‘gheﬁ@ Wprek héengdi THeAmPBE érdt da@MaPé 9 CeSiing Jld€ildNOk engagement
i gand may be selected fromthe group conS|st|ng of

with a rWﬁIun ooW‘k 13@7 T I?(XHSW%&C&@ Rd Ia e(? @ rebdivORe l&ﬁ%%gh%‘?ﬂ{e' upper

m1wtenmtee

and is.Wit-3 198 | i gand
housmga?ﬁ*& BRI PR e BlovAm VTN Rt Outhe IO B RT
In an alternate enbodi nent, the concentratlon may be
runninggigs\iton 2o g/1#Rded posiont AveDiRg #An b r@sBRed-prousd H@H lawer housing,
cul ture nedium may al so contain a GSK-3B inhibitor.
the set rTiebdagKmBBabla hétvictwan opyer ipesitieh end & thvar q»m;itibﬁ Ghosg ring can be
consi sting of GSK-3B inhibitor I X and GSK-
fixed tol tROUP ‘Bbusﬁk%inrb_u@ﬁ' 8 w%gbﬂé{'tﬁ@wt rinf RBd %gudlﬁl%hfé'vé @ sync with
IS K-3B i nhibitor LX [0200] When cul turi ng human
enbryonic stemcells with a GSK-3B inhibitor, the
concentration of the GSK-3B inhibitor nay be from
about InMto about 1000nM In an alternate enbodi nment,
the human enbryonic stemcells are cultured with the
GSK- 3B inhibitor at a concentrati on of about 1OnMto
about 100nM [0201] The single culture medium may al so
contain at | east one other additional factor that my
enhance the fornatlon of ceIIs expreSS|ng narkers

e o o a1 Y

cap.




[0216] The first culture nedium may al so contain at
| east one other additional factor that nmay enhance the
w0 oogasaien of cells expressing markers charactBCT/581009/041413
of the definitive endoderm|ineage from human
enbryonic stemcells. Alternatively, the at |east one
ot her additional factor may enhance the proliferation
of the cells expressing markers characteri sti
cach otffss AQUGePEHARAEriAD e AGaNPoHERLIL AN RreriRs0 figentsel ree cap.
the present invention. Further, the at |east one other
The outaeisfilit lasefating eant sy mereaplesbrttainenea firse ingist positjoryindianfarsceutersposition,
expressing markers characteristic of the definitive
whereiren desherand inmnveagat étheee rig i§ bepabietdipdshing thchmitqrspltdatch ring
invention to formother cell types, or inprove the

outwar®of itsCdu@ G s@bn a8 )the‘ﬁpb@tr hARARLIhARRko BefidRI8 ?Bélﬁ@)ﬁ OAn i 1nner split
steps [0217] The at | east one additional factor

latch I‘17$ Can ogfﬂ% (l ﬁetwré%te u@ﬁgp h%gtmngggﬁ) gtre%oxg ﬁou? ngg%he ?nner split

i ncludin serun1a

rs of e fibrobl as row h factor fam.ly

lch rigg eétwv(fetﬁirkﬁéwee@raowwt afiprsiosuian aala seesad ipferpapigen. The tree
rich plasma, insulin growh factor (1G-1I, I1), growth

cap cangilfof commpmiise atdariel we tpositipGORbBYe tE, inng, spl.lt]_lgtch Thg when the inner
gl ucagon li ke peptide-I and Il (GP-1 and I1), GP-I

split latetnelngsAn Zhadcodiddacyposioandihe1dkk deglderon e a6iftlured to push the
parat hyroi d hornone, insulin, progesterone, aprotinin,

inner spghY %&Pﬁﬁ% in9QRE1o BL BaRAk @I{HG@OSI@&{ WhéPihe %Bb&%'ﬂ@ﬁg s in the
epi dermal growt h factor gastrln I

latching” (ﬁﬁ%ﬂ% %llg?ct:é{) 3 bﬁséuC%Itl] bma@ﬁ??ey? aﬁxg ng é{l‘fvt rd:,P%srs]X leeorlll‘tao the inner

et.acel lulin, ggin, neurite growh factor,

split latﬁlb’él%& thvslpsp%qlfiegakmdts 1t11?qré’ﬁ§}§9%t MHAPO% BBE G BrRepitigned above
hepat ocyte growt h factor (HGF), sphingosine-1, VEG-,

the outdvispBAatcENDE abay)t, thd\extamet dB2ire 'ml;qymil dree 98[s A@eddmg, mE@Ap can be
steroid al kal oid such as, for exanple, cyclopam ne

positiodcBMBas (Fprovideaatcfoaditsealdicomédh thaiwai ho ey andA GékgRbl when the
protein famly, bovine pituitary extract, islet

: | S ein (1 NGAP | ndi an
1ntemalﬁgegg:gﬁ gs;[%o%ltﬁ%é&’ ! d g eﬁ Q%(Q)tl ( )

soni c pr ot easonme inhibitors, notch

Conbi nat i ondRIREMCRAGEAT P DRANINGSS o0er

addi tional factor may be supplled by conditioned nedi a
BBtai Redrs | s pamprdat swaws Yisw afipss caberingent of ap internal tree cap
exanpl e, PANC-I (ATCC No: CRL- 1469), CAPAN-I (ATCC

in a runhi®g-1kPBsifi6)., BXPC-3 (ATCC NO CRL- 1687), HPAF-I

(ATCC No: CRL-1997), hepatic cell lines such as, for
RiANPERurd £ pkadv{ AP4kaNQitaikBric R Qo loar lﬂoﬁ[ﬁt@@éda &Jf Figure 1 in a
cel | I?%es such ﬁg for exanple, FHs 74 (ATCC No 3 &

1 gq% 2 9] Second Culture Medium: The second
anded Cu%%%ﬁ% un1shou|d contain certain factors, such

r ex |nsuI| and | Gz (as, di scl osed i.n L
00 B0 Sho st HPSSuiP OBt GRY AL GHORIRTHLER g gHOr to landing in a
pronote the survival of the cultured cells. This may
tree spogk achi eved by i ncreasing the serumconcentration, or,
alternatively, by using chem cally defined nedia mhere
fo2g cBipnend slkadwom srosd-sdcnisnl iviaw afigh infdrnartecei dap leealseldn the locking
relative to the first culture nmedium Exanples of
pﬂﬁﬂegﬁg%Qégﬁoby defined nedia are disclosed in Wles et al
(Exp Cell Res. 1999 Feb 25; 247(1): 241-8.). [0220] In
a second cul ture nedi um havi ng hi gher concentrations
of serum the serum concentration of the second
cul ture nmedium may be in the range about 0.5%to about
10% Alternatively, the serum concentration of the
second culture nmediummay e in the range of about
0.5%to about 5% Alternatively, the serum
concentration of the second culture nediummy be in
the range of about O. 596to about 296 Alternatively,

o o . Y " o



and cultured in MEF-conditioned nedia suppl enented
wth 8 ng/m bFG-. The cells cultured on MATRI GEL were
w0 ouwvitsady passaged with col |l agenase |1V PCT/US2009/041413
(I'nvitrogen/ @ BCO), Dispase (BD Biosciences) or
LI BERASE enzynme . Some of the human enbryonic stem
cell cultures were incubated under hypoxic conditions

approxi mately 3% O2) . Exanple 2. . .
bR or BBn So et g atber-eken SOPPRHYN( EikESP! AT abdiment of an
, [0234] Adhered human enbryonic stemcells were renoved
internalftpegraap GOP trith gricadisarpiyateandlitige whim 00@A iilhestreted irorning tHo a tree spool
TrypLE(tnm) Express solution (lnvitrogen, CA). Rel eased
and onccledlf of aneineriat sigs pgn @B illustratodas Ridbicy oo chesloeking @kdfile of the tree
cul ture nmedium and recovered by centrifugation,
spool. followed by washing and resuspending the cells in a
stai ning buffer consisting of 2% BSA, 0.05% sodi um
zi degjn P [ o r Opr .
b e e b HT il vieho BRI ARGk Ay of A iyt Sage con
g-globulin_(Sigm) saqlution. Aliquots (approxi mately
PeiosFtrg & yhamay Qe HPE ohe SHtEn PRt OgRYRI &R JAeInRl tree cap on
(PE) or allophycocyanin (APC) conjugated nonocl ona
atree spaeli bodi es (5 m antibody per 1x1 06 cells), as
indicated in Table A, or with an unconjugated primary
pat bBidyire oWl partiactutsiedy Aipprane @btoldBedny p€an internal tree cap
mat ched anti bodi es, unstained cells, and cells stained
that incRIAEYa W dD a8 GRANAN KalG BRIINOAL&ESHr P HHDRPYr ndklof a tubing hanger.
i ncubations wth anti bodies were perfornmed for 30 mns
Bt g Tt B S SRR e 8 i
i unconj ugated primary antibodi es were jincubated for an
inner hoygie;qf dhraintesen! fiep sammoxed tgﬁ ?aé@@é Rasifi9nconj ugat ed PE
or - APC | abel ed anti bodies. See Table IB for a |ist
wf01s e Eguckal O shomtsi dymdiiad sutaseg . viaw s hetoahbaslimertef an internal tree cap
pel |l eted and resuspended in the staining buffer, and
that inctudes & @dwWersidaptac thatbdt Gerd1€6n RS etdritedif itld @hetiGédkdofar tubing hanger
FACS Array (BD Bi osci ences) instrument, collecting at

and pro%rgl%ﬂl c&l%éﬂgpbeglgggﬁtaflsoclﬁéggwfcﬁalﬁ% &%EQ ﬁ%‘il%cﬂh%g.%ﬁt ry

35] re I Xe 4%

ar af aor nal de for .20 min at ropmte rature. Fixed

B Pl bR st ouliydy Mool 8P RRA RS p S8 ree cap

PBS/ 0. | 9%BSA/ 10% normal chick serum/0.5% Triton X-100
latched gighif e frep iPaatted) e@ahtiga tcapi ipHuging b dgventdaptsgitha includes a

in PBS/ 0. | ¥%BSA/ 10% normal chick serum at 4C. The |i st
collateralf bepeficralrlpcking isoldingsn &ma tubieg hangerki ng dil utions are

shown in Table I A After three washes in PBS/0. 1%

s}, Pigaw EB GRNs SHAANREMVBNiER At itiRSin(chad e IcB) oﬂFig?re 11 with

1: 100 dilution in PBS were incubated with cells for

ﬂwtmeggﬁ%$&99&mﬁ@%gﬁ%§h%ﬁe to al l ow bi nding. Control

es I nc reacti ons where the primary anti body

was opitte r where.the prinmar tibody was re ced :
i oSy e dregay o] BT RES A BEBRER: 11 wi
i mrunogl obul ins at the sane concentration as the

the treegap frathy lafphadinedities. St ai ned sanpl es were rinsed; a
drop of PROLONGEr) (Invitrogen, CA) containing
@deam Higaoe P4 gloevsyd pantdkd lcataway vyaly ofdrlcoamnlebelirg 8ARE hn watsrnal tree cap
added to each sanple to counter-stain the nucl eus and

that inch@ed & BGideP Bdp%edab sadltih tHeaPPer Sag Sling lphEFIE &f WaIEng hanger.
acquired using a N kon Confocal Eclipse C1 inverted
m croscope (N kon, Japan) and a 10-60X objecti ve.
Exanpl e 4 PCR Anal ysis of ES Derived-Cells [0236] RNA
extraction, purification, and cDNA synthesis: RNA
sanples were purified by binding to a silica-ge
menbrane (Rneasy Mni Kit, 1Q agen, CA) in the presence
of an et hanol -containing, high-salt buffer followed by
washi ng to renove contam nants. The RNA was further
purified using a TURBO DNA-free kit (Ambion, INC), and

o " - ] .



Exanple 7 Role of activin-A, WNT3A, and IG-1 in
Expansi on and Mai nt enance of DE Markers Fol | owi ng
woRiovipdied Passages [ 0242] Cul tures derived fr oPeT/kg82009/041413
parental human enbryonic stemcell |ine H9 according
to the nmethods described in Exanple 6 were passaged
every 4-7 days Figure 5 depicts real tine PCR results
for t ded cel l.s cultured [ 2%FBS
300 F T > HHO%act AT A3 Yigy il tencg of Figre 14 with
passages. This data is for a line isolated at day of
the stingdydnopepinse gheolppoundcknéd tilinghengst-e 5. There is a
cl ear decrease in DE markers, such as SOX- 17 and
lob¥E- 3Fhatal 6 didvow argsesactiopalssage viehsoshamper beifg gisered into the
6, addition of WNT3A to the grow h nedi a cont ai ni ng

uppern@&gd,fvdtﬂb Melt@dedro a significant boost in the expression
%ers However, addition of 50 ng/m of |G|

Y A F
ﬁos }gugelro ?Z%Ih%\% 8?%5%;? Aectuﬁl %P)% -\III\ET Fl)%ésogf onﬂ{tﬁ% éﬁ%g I)un into the
mirkers along with OCT-4 and an i ncrease in expression

upper nggk ofj aubingihaBgdoder m mar kers, such as SOX-7 and AFP,
Figure 8 a-c depicts the norphol ogy of expanded cells
desli vEgufe bhrsheopsa CI@SS-p@slgaggbserup wli¢w oé tha siingyr RegEB8 the upper
+ DVMF12 + 100 ng/m of activin-A + 20 ng/m of WNT-3A,
neck ofly) tuBeABSgdr VidIng a mbO-tovgdond] sodl iackd wpper Plugcyealiig pBSile of the
+ DMF 12 + 50 ng/m of 1G-1. Morphology of cells
tubmg%&ﬂ”ed in the presence of activin-A or activin-A +
3A were very simlar and d| stinct from rmrphol ogy
ogfgagﬁijl 3 Cgosh%rﬁ\fesﬁaac%rg%%soé %Hleg nQ?: y%orl{tl%n n%n@wrl tree cap that may
Derived Cells Diff rentl,ateg to the Definitive
be usedpp goRfsEHOL Vi @qaééﬁﬂpe@upw a&¢lst abl i shed from the
parental human enbryonic stemcell |ine H9 according
et hBiguet BOddbode st crdsededtion Bxawpdfears imtemel pas sapgliat includes a
every 4-5 days when the growth nmedi a contai ned 50
scaling B@Adw tHat mabe us@f inlcbfmecHon@Mera gBUift sifcestioned awvdlh
grow h nedia |acking the IGF or I TS suppl enents showed

[?49\’"8[3}%@ é)@f bhd V%f)ugl%l nsé@ﬁﬁﬁ‘ c%?%@%ﬁw %}’ga% tnhofd?fhyecm odiment of

e popul ation gtlrreo gr owt

an interidr i M B Bl P T st e S RO e P rbtiog gt well.

only with the growm h nedia was approxmately 75 hrs.
Y cB}glurep%?p%hoats| HOBRISAIRIEEOKC DY IR AROTENhefyeenabodiment of a
W ll be referred to as EXPRES cells (Expandabl e

stinger fPREpvides foneebiStireetidmat eldtaYto-nadd|seallwithih ittet wpeaplugussaling profile
EXPRES cel |l s established according to nmethods outlined

of the thHin }e 6. The expansion potential of two cell
lines (EXPRES O 1 and 02) is depicted in Figure 9.

np jv.at f R
@3?} S Eguge §Ho\6&%é H%lq]t)l/% nclrd(;;x ?ug%n \Jv%f %%gﬁ%ﬁéﬂéﬁ% b?ﬂg includes a
ol %211“ ({ﬁn enb%onl.c stem cel | I|nes H P33 and H9 P45
wirelinggig PEQIHe Ut 2 IHEE ANY'8Ri ¢ conditi ons (approxi mately
3% ) for at |east three passages. The cell s wer e
Bt uFeyrd 3 Ners@nas i sresseactioa iew ot an Hygmpl tete gpdmt includes a
and plated on MATRI GEL coated plates according to
wirelinEplapplafild in Atand@ponoxiched pdsytid@0% conf | uency, the
cultures were exposed to TrypLE(tm Express solution
(I'nvitrogen, CA) for 5 mins. Released cells were
resuspended in DVEMF 12 + 2% FBS nmedi um recovered by
centrifugation, and counted using a henocytoneter. The
rel eased cells were seeded at 1000 to 10,000 cells/cnR
on tissue culture polystyrene (TCPS) treatedfl asks and
cultured in DMF 12 + 2% FBS + 100 ng/m activin-A +
20 ng/mM WNT-3A + 50 ng/m 1of 1G--1 + 0.1 MM
nmer capt oet hanol (Il nvitrogen, CA) and non-essenti al
ami no acids (I X, NEAA from Invitrogen, CA) under
hypOX| c cond|t| ons (appr OXI matel y 3% 2) at 37 OC in a

. o, — —— e p— o~ o s



positive). Figure 17 displays the real-tinme PCR data
for EXPRES 0 1 cell (Figure 17a) and EXPRES 02 cel
W@ Eiogasa09d7b) cultures treated with | ow serum BCHBS2009/041413
WNT3A atdays 2-5. Figures 18 and 19 depi ct
i mmunof | uoresence i mages of EXPRES O 1 and 02 cells,
respectively, treated with the sane treatnent
nentiFned ?o e for 4 days. Overall EXPRES 02 cellﬁ .
Blipeat '&'6° g WS & FIYETCUAR pY ¥ stfot SCBR Faf KaP dhygincludes a
~conpared to EXPRES 0 1 cells. As evident by FACS,
wireling phygmeofde dndpchin a igld PCR data, | owering of serum
concentration and renoval of |G- did enhance the
pueflr eBjuen 26fshbies nackss-scctidowayerof arhéntomelr aket cap that includes a
expression | evel of DE markers such as CXCR4 and HNF-3
wirelindgfu@ pietsle i@ WelindiRath Yoddon\Rith aveint@tdl itelcYp RIASIMRE nbtocked in
undifferentiated human ES cultures differentiated to
the DE stage. [0250] In order to enhance expression of
DE markers, the DE differentiation protocol was
changed to_the followi ng: EXPRES 0.1 cells at passage.
W”anﬁlg@@%ﬁ§%@’?5caePToés'é?C“BBs@%\‘éjeOflﬂl GHiFgh e Gap fepsincludes a
in their respective nedia were exposed to DVEM F12
wirelingypldz profde ppingmetneead fpm i t@e5% FBS, 20 ng/ ml WNT- 3a,
100 ng/m activin-A, and 100 nM GSK-3B inhibitor IX
(ésat aFpg# 381hoAs dLCalobi-opheew JdEANnCt @nbddiinentSoflay Snternal tree cap
Fi gure 20 depicts the expression of CXCR4 by FACS at
sealing d@¥gbfief Or EXPRES O 1 (Figure 20 a, approximately 57%
CXCR4 positive) and EXPRES 02 (Figure 20b,

appr oxi,mat gl y. 86% CXCR4 [tive). Figure 21 depigts. ..
BRE" CBPRL o r e F R Bl o ALyt Bactve forms,
f EXPRE 1 I I -f EXPRE 2 [
SpeciﬁC(egergerg? hgve&@gﬁ §hqsifﬂ§ Ypanof g%aé%pl%a gldtthﬁ érqﬁér?&%o%\@g§ill be described
Figure 22 displays the real-tine PCR data for EXPRES 0O
in detail heRigurkdovaday, ianboukkPRESIRRI(AE tat ehe2diblosuEx anpbieintdded to be
Ef fect of Seeding Density on the Differentiation of

limited EXPREPa@itulee fdrenst @isEbscdd02RAthetXRRESeRich B3d @bt 51l WeddEfications,
seeded at 5000, 10000, 20000, or 40000 cells/cn?2 on

. . 0, . .
cauiv B R B R AR Tl e nveion 4 dfgned by the
d%gﬁn1 VWNT3A under hypoxic conditions (approximtely 3%
appen 33%3&37 OC in standard tissue culture incubator
Fol | ow ng two_days post_ seeding, the nmedia was
switched to Diesgringonofgliysgrative Emhwdimentsi acti vi n- A
+ 20 ng/mM WNT3A + 100 nM GSK-3B inhibitor I X for four
days Uhdaatiteypobidiments dif thodisclpapp raox desatiedd/ b3t @R thept might be
37 0Cin standard tissue culture incubator. Figure 23

employ6@Rh GinS idté1alr 8¢ <hp MEIPER anabysss cafitydafot NIl fdé@ures of an actual
endoderm markers at day 4 of differentiation. It

irnplemglgc?ﬁ@; Brel J@Eri@edsiﬁetgisgé%]gé{ﬁ@a?tlotny Riwiflof RERE b]ega??%gﬁ;cga(?&pglat in the

cn2 1s require or the robust formati

definitive endoder anpl e 16 Tel.onere ngth o .
develonggsRBLTserIcE B9 o b B R Bgiu | BRI GO R B Epgsisions must
lines isolated according to Exanple 5 along with
be madg telip¢lfieveethe dgvdapa e spscific gienisheuchuarenemhippsromite ssttemrelated and
cell line H was analyzed by using the Telo TAGGG
businesd-edl aae cendtaings, iwhisls ayll (Rycinem onblimalkechchtakibows agpthére Moreover, it
manufacturer's instruction. Figure 24 depicts the
will be afpRERIA th&NGLR of RN lERRES forl nfight e &mpTed andEXRRESnA4ning, but
cells at P17, H cells at P40, high and |ow tel onere
controls provided by the kit, along with the scale
mar ker. Both |ines appear to have shorter telonere
| ength than undifferentiated ES cells. Exanple 17
Further Differentiation of EXPRES Cells Cultured on
Ti ssue Culture Substrate ta2Pancreatic Endoderm [ 0253]
EXPRES 0 1 cells at passage 2 1 underwent a 5 day
differentiation by treatnment with | OOng/ m acti vin- A,
10ng/ M of Wit 3a, and 100 nM GSK3beta inhibitor I X in

P S ————— R A~R A A /™~ 1" ~ 1 1 - R 1 I T YL

a tree.



endoderm are highlighted in bold. Table VII lists the
correlation coefficient for each conparison group.
w@Eeaniaaopl ot s correspondi ng to the correl ati oPCT/US2009/041413

coefficients are depicted in Figure 27. The gl obal
expression profile of EXPRES O 1 cells appear to
resenbl e the expression profi |l e of sanples at 30 hrs
or less of the DE stage reas t PRE 2(:

would &ysuR%sobs BJGHBIRe Tt A SkiRkr 5 GHOR ProFTrD S Saps &g having the
at greater than 48 hrs of the DE stage. Exanpl e 21

benefit phthiredipadesust. Enbryoi d Bodies and Differentiation to
Vari ous Lineages [0258] EXPRES 0 1 passage 27 cul tures
nerne Feminredpas sidrgiventegds| of thusvargpus eybbpian)s dExpe dsslosure will
solution, spun at 20Qg for 4 mns, and resuspended in

become%Mfeﬁt ﬁ@mtogﬁa@r% ofT[H@ f&%‘v&hngﬁ H@s@ﬁﬂ%@éhd"kﬁ%ﬁ%@ ded on

| ow adhesion Petri dishes. 3-4 days post seeding,
S P BB S T P e

+ mcro rmlar retin aci d |nd Xpressi on of
100 mclé’é*ﬁ%a%ﬂl}ﬂeﬁﬁi?‘ksé%lo%ﬁf&ﬁ TV dign l@a dnnes hepsipg Py ipcludes a
of Teratomas in the Kidney Capsul es of NOD-SCID M ce
locking[ppefHg]1 1 Onlait fohasr emadagted do cagdes af nuoning teol HidReshosvrbimyiggire 7). One
stemcell line HO at passage 42, EXSPRES 0 1 Passage
examplS0f s@dhdasEXRRARMORoPRZ: bédel Botweie rurdliganet Themocking profile 110 is
cul tures using TRYPLE, washed in basal nedia, and then

[ I
sown SRAGHS BB gl P (AR o o i

tools asS Iw)?u vd\éggealgia%c%'%g? | e?ﬂtfeogdfngrt'y\?%lglﬁ %E dnagtl P%Vlggs] l’flhe beneﬁt of this
i transpl antation, the animls re sacrificed; kldn

disclosyggy éﬂc’l@m% pusie 1 93 tskpdesa P@}tﬁbpw TYpnigg Hcelgngth 9 ;‘il%ﬁ %Ousmg and
buffer to collect RNA for subsequent PCR anal ysis.

also incRidgeip dirg$xtheior shasildex )7@ 88d ancavhd waickier shouhler 4¢3.eFhsnner housing
of mesoderm ectoderm endoderm extraenbryonic

105 is MioSglE dletvaid aahelifPer @R Guilitkf ippsitiemncy smBhkeinsFigere 1, and a lower or
col l ectedsanples. Simlar to H9 line, both EXPRES

latchedlﬂ!og'iﬁgin SAOoRAR rfg%lﬁé Br | B ePhoddil ?ﬂf 59 ald%%fé[ﬁo AL RN the lower

extra enbryoni ¢ endoderm Exa

end of t éonl[nlgf i {%%%CEW%VSHH@O§§4¥H§% %‘5851 OI&InI que

cell cy cIe status that is distin wshable from ot her
BOthat Aospélélar%h ringhbySde peyitionsd agung; thh cpeaYditheimtenal tree cap 100.
cells in S-Phase, and shortened or truncated Gap

The splphastesng G5 tsrtdo‘@b)c beéfiweercal innerywiseionpar showne &hgame $nend an outer
in hES cells may be functionally linked to their

positiorS @k fhdvaneMeibuRmd Whie iPteansdt posipias. thy figdt ekReEsLsHoRldes 170 of the
and may be different from cont rol mechanismin their

.
inner h(gdsfnf ﬂ%%%tg&ag{regs‘ﬂgméctgne &C t Fez{?)'{rﬁniveart ﬁg)%%gflllt of él;/ec irst exterior
re of EXPRESC | l.s that ve eensovvnt res :
Shouldeﬁﬁf@ a5 RECTR S O3rmeY e Ehﬁ B irmeREmusfos 58 é@}ﬁawh ring
Met hods: Cel |l s were seeded at 000- 10,000 cells /c
155 outivgrdds) ifs @iterpositioqyes SuMPeT rf?élgf]l69§$<BOSQWﬁlah@Ye Télﬁdpht latch ring 155
cultured for 2-4 days. EXPRES 03 cells were cultured
about tlei dxinerior iofi thgriotetrtal tree capn (S0 Miladveithgsidpof BB gi ISDNEMbEHkZcal 165 that
and Activin-A (100 ng/m), wnt3a (10-20 ng/m) and | G-
(50 ng/mM ). For conparative proliferation analysis,
| GF was sonetines omtted fromthe growth factor
cocktail. Cell proliferation was anal yzed using the
APC BRDU Fl ow kit according to the Manufacturer's
recomendati ons (BD Bi osci ences, San Di ego, CA).
Briefly, cells were pulsed with BRDU for 1-2 hrs at
the end of culture period, 18el eased using Tryple E
Express and counted. Cells were fixed in BD
Cytofi x/ Cyt osperm Buffer, incubated for 30 m n,
foI | owed by |ncubat| on W|th BD q/toperm buffer for 10

. T | ' Y Y



and |l ess than 40,000 cells/well for EXPRES 02. Again,

at nospheric differences in oxygen |evels did not
wa@tdoeas2iopt i mal cell nunber results in this shRPCT/USEONI41413

assay. These results suggest that EXPRES cells are

anmenabl e to screening protocols that can neasure

toxicological effects of various agents on cel

lif tion and/ or ol.ic rate. le 26 .. o
is energ%f@dws b RO BR R T L Pl it ok Ol EABRES i rore detai in
[0268] Previous exanpl es establish that EXPRES cells
regards ¢ahHigyee deri ved fromenbryonic stemcells and can be
readi | y expanded on TCPS in various growh nedia. Most
@#s4t hEBe intedhah tifcoraap| B0 alto doeitiddsnan Gincadody si2ppihetménpositioned
or insulin/IGF in 2% FBS used in the growh nedi a.
betweer! BRSBinbARSRIg BV e LB R ‘i)%]eétibn' f6ih & b@goﬂheéfathg Gower housing

genes through the PlI-3 kinase pathway (Stem cel

120. Azsg % lg’? %%g fbmpr% %t)&eﬁggﬁé !1/1%155%9 th\%ﬁingr%rfgwl% Et_?d a shoulder

of an e%ggrrllggn Ebégl\%pﬂ I\ﬁp%ﬁt((agq%&lnn éﬁ? FSSD’I?V hard %gertba ofvxg{rrp%gltlon shown
passage 27 cells cultured in the above nmedia were abl e

in Figuteol, pnopagaper pasitione asshoaviy int Bgars 2 elhesspeingt Ipd e biaged to move the
DM F12 + 2% FBS + 100 ng/m AA + 20 ng/m WT3A + 50

expansiff/pidg 1300 Ithe ppck pesition, hut ehansion hitsudgchrévent He (@ihavd movement
media for DE cells expressed strong DE markers by

of the e&&ﬁﬂsmﬁ'ﬂ‘@% PYRvAfid @Yhne? ﬁ))ustutfg 00501 i f§ Bfinl Afon:
Approximately 72% of cells expressed CXCR (Figure

e 27 s Kno c of Tar i n
BszéRE AR T ] PR ET oR sek B o PETyT body 125, The
es in h n epbryoni ¢ stemcells using RNA IS
retamersréngelf”él giay .L';ﬁiﬂ%ré%fieéyo fheingg; Podyy! 2t500raV@ﬁ1P§§/@?1ﬁ¥ FRansgPay ge used to
of transfection in human enbryonic stemcells grown as
connectctbgstherthe oo ningsas EXPRES appickwtcdrby argiflopdinayrsktlent thd art having
wi th si RNA using conventional methods, and thus offer

the benafivaf thiblBcloyist e MHcOexpanaen [pﬁisFiMA Pbjcgoimeadeeessh @senings 146
wel | as evaluate the role played by targeted genes.

(shownlglfl? %E%Jﬁegflﬁthnﬂ%z&g‘%aggf) ﬂﬁ%‘r%% cal E}?RAEWFJ]BE g%?dlé %Ptmblroned between the
inner B THE An 705 rsfef)%o%’gms PO IEY40. The

ng/m). For 6 well plates 200 000 cells were seeded
expansion, rHigs! 39r PrEYeto theraEME NP et Oh then@xPanFADEIS] [¢d While the inner
sequences. [0271] To eval uate target gene knockdown,
housingcHl5l is iraits WDnB@Yosivionl uency cells were transfected
usi ng Li pofectam ne 2000 according to the

FRAUT Bk héws eRoNAEeakin ms)s(rﬁ@%dqato( MRRACRE or lower position.
Bi osystens), Foster Cty, Briefly, the

v RIS O M A o 1

ncentration qof 100 Flve crolltres of
inner it B i HET 2000 Rl Sa T e Tk IHS SGPHS G FRENEQ permitting the
medi um and i ncubated for 5 nlnutes The conpl exes were
expansipp B a8 do e petvpgdnphexpand duentheiepess dl o d he pbvard eppansion of
added to the cells with gentle swirling motions of the
the exppisadresng 050 pentifseharspeinggl 35Gelfoe way expangoid atugd! 30nipwards. As the
presence of siRNA for another 24 hrs foll owed by
expansi6R €180 ChgN@eupard® dihd Mardel | dufer ARt D¥ahé 86k WBD Phushes the
fl uorescence m croscopy 24-48 hrs foll ow ng
transfection, and RNA harvested for analysis of target
gene knockdown by quantitative RT-PCR nethods. The
foll owi ng pre-validated si RNA oligo sequences,
purchased from Anbi on were tested: Betacatenin (Id.
No. 42816) and GSK3b (ld. Me. 42839). [0272] Results:
Fl uorescence nicroscopy reveal ed a very high |evel of
si RNA upt ake by EXPRES cells (>80% when using
fluorescently Iabeled S|RNA (Flgure 35) RNA har vest ed

NN



transpl antabl e islets of Langerhans have focused

i nterest on devel opi ng sources of insulin-producing
w@elbas32109 b cells, appropriate for engraft meneCT/Orm09/041413

approach is the generation of functional b cells from

pluripotent cells, such as, for exanple, enbryonic

stemcells. [0003] In vertebrate enbryonic

devel nt, | uri pot ent | gives. rise to a .
€Xpansigp pg)éﬁ{ag%emlaﬁasf gs' eﬁcé)a smtbrén% i§ (51‘1(? FiSiS @8%1{1 Iaeéirtﬁ]h%[do tﬂg expansion
, mesoderm and endoderm in a process known as , ,
pins 14§ 4% theiyl iawpigirpositioss Ulds expatsicnsplug dp0 ex thepipper pasitiagi igtains the split

t hymus, pancreas, gut, and liver, will devel op from
latch rihdhe5emdaslenter pesidoarngayiey atckikaigepwifikgen th&heee spool until a running
internmedi ate stage in this process is the formation of

tool dep#€dsbint ic¥FarRIMAGIES M0 WatifRi e inanRRAPHEE MLRI)l S express
a nunber of markers, such as, HNF-3 beta, GATA-4,

xll, n OX-.17. i.on. he.
M r 2a ST B B0 R M oY s RRETR of RbrglefiSing, 05 forees the
. . endoderminto pancyeatic endoder Cells of the .

split 1atﬁ§ﬁ@.g |t der iy gﬂsr@égﬁ‘éw ﬁ%()lg]g%lr@a@%@%%a&fwatpp of the split
honmeobox gene, PDX-1. In the absence of PDX-1, the

latch rigga hZY. eBbe flawhwandonetesyesing pf teyiomet holsing dOfratsoomergiizes the bulk scal
ventral and dorsal buds. Thus, PDX-1 expression nmarks

165 locatedrdnt the @ktesibepf the ipAdtcicRsihi Cl 06rgahe gppe idfacerth®rtion of the inner
mat ur e pancreas contains, anong other cell types,

housingemcﬁds_rhel& o SHQr BAhBRIRGT 1hR &idrh SSUSE thEXRERF h&?sn?gn 05 at the initial
endocrine tissues arise fromthe differentiation of

positiorg ﬁf %%g?%il%geazgggg?fhgc su' g{))Il(t) %%ng;rf@a%gpﬁ%é?ﬁ(# %?[er%r fhoulder 175 help to
transpl antation requires a source of the cellular
ensure ‘ili*ﬁtbé‘ﬁ‘? shal {oats adgaudiely eneiggged pdpelniganes thencagizert Bulk seal 165
' and efficiently differentiated into the tissue of
in placd. nt erest, for exanple, functional b cells.[0006]
Current nethods to culture human enbryonic stemcells
A8 CBIFkeEX shdhethe itethal €cd & LDELMg R¥MRERINASa tree spool 200 with
factors, or chemically defined media in order for the
the innégfsllée_%e 405 Bf Al il 21; ﬁ%éég%glkl%l RO¥ E%]uge §RELs %heel%er housing 120 of

uri potency. Furt erentiation o ryoni c

. stem ce often results in ecr e i he cell.s.t .

internalgy SR I hadih b B St 20N ENLIRRTR aPe ki siiRL Dy The nner
(Bi oReprod DA : 10. 1095/ bi ol reprod. | 05. 046870, Cct ober

sleeve 10§ hapdrgsy shiftee todhe latchiggurloweppositiqry ¢awsing dac eyivagt govement of
systemin which enbryonic stemcells are nmaintained in

the splithatbrdig | Pntecngageutre lekirecmnilet 200SR)thererek spwol 200. The internal tree
suppl enented with different gromh factors capabl e of

cap 100 sEQGPET kd eheefl ¥R3u1 209t @Y GRbidS @l dollaRR Whnefi¢iR0RRBkinkNmeans to
anot her exanpl e, US20050233446 di scl oses a defi ned

. J
preventRELy M TN cnlly SEE M0 L BP0 LAPREIRE Tho bulk seal 165
sol ution, the dia iis substantially isotonc
has beef piSaEh "ROPONBCS £ aFl LENYCS 1 B g et | O snihg rgspool 200.
culture, the particular medi um conprises a base nmedi um
mitel aRigaodnshasys 8a@RssofechIGEOomMpARaN HicwaRf aiscepbediment of an
acid necessary to support substantially
internalutregi dap €06 withal @ flo {thoitthrnaf trécheappslOrobdn@tunsingm ae¢ kol 200 next
[ 0009] In another exanple, WXR005086845 discloses a
to anotHER hRPEf fHRIin¥BiantreO sdp-6008f laRRc A fHeaFRRpbS®Y. ThEMternal tree cap
cell, said nmethod conprising exposing a stemcell to a
menber of the transform ng growth factor-beta (TGFb)
famly of proteins, a nenber of the fibroblast growth
factor (FGF) famly of proteins, or nicotinamde (N C
in an anount sufficient to maintain the cell in an
undifferentiated state for 1&a sufficient amount of tine
to achieve a desired result. [0010] Inhibitors of
gl ycogen synt hase ki nase-3 (GSK-3) are known to
pronote proliferation and expansion of adult stem

— . e -~




[0033] Figure 6 shows the effect of a range of
concentrations of the conpound JNJ 26483 197 on cel
wooobas210as det ermi ned by the nunber of nucl ei PODES00BOH1413
(Panel A) and Sox- 17 expression, as determ ned by
intensity of inmunofluorescent staining (Panel B)
Results were obtained fromcells of the human
enbryoni¢ stemcell line H (whjte rs), or cells .
600 mag gt R o g bt e e (TG oPgieblestit o5 cag 160 or permits
~using the IN Cell Analyzer 1000 (CE Heal thcare). '
the injecooBAf apjighibdor7ingh dhes wel dekarv dlear ingdrnal trepnepw @40. Further, the fluid
concentrations of the conmpound JNJ 26483249 on cel
passageuappsrmitthe deidizatioredl foysstiite abovdard tetow tel isierab ses vgd600 prior
(Panel A) and Sox- 17 expression, as determ ned by

to remov Al SMEL ite@hl rEUPAURERIEERE: $Hodl DOMITRERPES tB) internal tree cap
Results were obtained fromcells of the human

600 mufBEUERL A RERSR e LG LA e B o
using the IN Cel| Analyzer 1000 ( Heal t hcare). [ 0 5] .. .
tree Calrci689§emsF1§H@w§- (s de diptiist Ogmﬁ%m olrit SRR rﬂlaryag? %@eﬁcwl in
of the conpound JNJ 10220067 on cell nunber, as '
preventihgtaseidicpie dr byllisinas withiogher efuinmentewhighwerkiiorn (PavidingApaintenance
and Sox- 17 expression, as determned by intensity of
on the wdttrunof | uor escent staining (Panel B). Results were
obtai ned fromcells of the human enbryonic stem cel
loéshl© H%ugé’\@ Ish GO Sidplodd GE o3 t10f vl QH&B%&%{S?’&W &mbodiment

stemcell line HO (black bars), using the

o RSt OO LSRRG PTG FORR 0. 10
det erm ned by imrunofl uorescent staining and flow ,

to providgseate thievecearthy Jics bogsh 18214 ther @heickpuninen (g the lower housing
conmpounds shown, according to the nethods described in

120. Exanple 8. [0037] Figure 10 shows the expression of
CXCR4 (Panel A), HNF-3 beta (Panel B), and Sox-17

piRanein &le e@Bodiglket, Al ROW MYy beaked toBNRERintbfhaC&Ed Sap to the tree
treated with the conpounds shown, according to the

spool. {tﬁt\c@&ﬁ? ilﬂgﬁl%]% {rReday gg@é@q@& Snhe [trgg?sgl)oll,:'ﬂ%’{nﬁeerﬁél FEOUR may be

ect of ar concentrations o

conpounds shown on cel|l nunper, .as determ ned by th ..
remotcl§BACE ROSY an BaSehonit e apSihg ioyfod % ldhed position
) expression, as determned by intensity of o )
simultapepwsiyorydieethe dnernsdt Heo cayto thader spyol and angraizieg pNcaling clement
Cell Analyzer 1000 (CGE Healthcare). Cells were treated
betweemthea@xdiriog of thetilmtermaktrbochp ahdsbe irbespooh Whaad theJatched position, the
[0039] Figure 12 shows the effect of a range of

internalCREE @A Mmidyl PRSI at doBlafePdIPEIHBAHSI Al M OhelehK to brevent the upward
expression (white bars) and HNF-6 (bl ack bars), as

movem&Rtd} am,iuﬂﬁl‘g Iﬁ}ﬂ%{{%tﬁihitﬁr@trggg)oo@ 8 iﬂ@&%{{%?}gﬂg@ be a low profile

according-to e nmet hods described in

. [,0040] Figure .13 .sho the effect of a ra .of ..
internalisis g dh B COSHTE oD Sh B P APt TRET 7 bidpishod position.
~as determ ned by the nunber of nuclei observed (Panel
The intpgnal fge icAB irgyninslude e 8pwnbypass g pathiiardlie myrmigt Bygsgauplization of

of i mmunof | uorescent staining (Panel B), using the IN
pressur€etht flkinyg 2¢rthd @0 chfbotkhal injecaore pf fIGel bdowethe tteceapedlhe flow
according to the nmethods described in Exanple 10.
bypass bPP4hivaynglrifclhide 8 RAWS B8 CucRlas @ Jopp&sabfe, a p-trap vent, or a one-
concentrations of the conmpounds shown on de-f
expression (white bars) and insulin (black bars), as
determined by real-tine PCR Cells were treated
according to the nmethods described in Exanple
10.[0042] Figure 15 shows the effect of a range of
concentrations of the conpaends shown on cell nunber,
as determ ned by the nunber of nuclei observed (Pane
A) and insulin expression, as determned by intensity
of i mmunof | uorescent staining (Panel B), using the IN

P Y U A NN PN I e - T 1



[0058] In one enbodi nent, the present invention
provi des a nmethod for the expansi on and

wa@ledobasam i ati on of pluripotent cells conpri siPgr/US2009/041413
treating the pluripotent cells with an inhibitor of
GSK- 3B enzynme activity. [0059] In one enbodi nent, the
present invention provides a nethod to expand and

dlffe ent i at l.uripotent cells, rJS|n t he steps

way ek NG i o T ViRt o (vl MaisengY gudh A fow path
the pluripotent cells with an inhibitor of GSK-3B

dependiag oy the auetent/anpjicatfa®060] I n one enbodi nent, the
pluripotent cells are differentiated into cells
pospr eBs bng cmbbieicht ciaimahelr irsd cap afayt e coledettet tto e running tool,
endoderm | i neage. [0061] Markers characteristic of the

which id@bddvot ﬂuﬂ%h@ﬁﬁ‘é}ﬁﬁrt%e' da Eecﬁﬂ)%gﬁré%ﬁﬁ{ee&ste?% fHcQmBctdpBol. The running
group consi sting of 7, GATA4, Hnf - 3bet a, C

tool 1n09{3dre% 2 rgfggs%gﬂ}':%ﬁgat% g%{gigtgr élreerlnM tﬁ% E@%ﬁ% t%%&% th?: B.Ein}al tree cap

th?&’é’é\&pe@% S} PO BT BTl 1 Thafistonvigd epBhigy De actuated by an
pluripotent cell that expresses at |east one of the

increasqriay (eessgrecwidhiact &rll siting corinerted toldfe mnning ¢odndpgeranding on the tree
lineage. I n one aspect of the present invention, a

spool, ddeihtregycpihgaedstg may karss tihmoachedti Ftandnadr Holging of the internal tree
definitive endodern1|ineage is a primtive streak

cap to BERCHERY riafine posfiodNo @l h@ROAH &P €Elle mBv&Rdt of the inner housing
expreSS|ng narkers characteristic of the definitive

to the laﬁ{ﬁ% g rp%rg{tqgln 51[1] easgltnu t%negg? Ssggrilﬁé) ernrlr‘g rneatl,rgrp?( o ah locking profile in the
characteristjc of the deflnltlve endodern1llneage IS a

tree spogbpidhsncrgiec &Rk der pndhe exteiRyestherties ¢WPuri pot ent cel | s
may be treated with the inhibitor of GSK-3B enzyne
metli vFigprd dr shaboutncoembodmaboof a7systeoutlst may be used to install an
Al'ternatively, the pluripotent cells may be treated

internalWwtdeltap N60 bhtai Dirdcdpool 2085KA BB \eBaY fRy detukst foytrdnporaiOitiernal tree
12 to about 48 hours. Alternatively, the pluripotent

cap 10¢ SR o k&eru'hﬁﬁgttggl Yoo B {hgech urglﬁ'ogf %OOGS}I ¢ R 3Bo may remotely

nzyne activity for about In one

i nhi bi.t or of activit
actuate FERRUFEDo D3R Poler Hie BT G5 T ANY TR ABG PO A scaling
Alternatively, the inhibitor of GSK-3B enzyne activity .
clement of thedateral &ee sar dAP Mayi shschior sBefgtzer Srﬁwlltaél%% vith securing the
10mM Alternatively, the inhibitor of GSK-3B enzyne
internalatodtei oap t1Y0 its thestemt spoola2 (o niderntbp af thennefnahbeetad 00MVmay be installed
Compounds suitable for use in the nethods of the

flush witheeép b vieNtrt®Bpddd29d] Whilenke &b RPHITEIVO, istill@strated as having a
i nhi bitor of GSK-3B enzyne activity Is a conpound of

threade& r&t Ep«ﬂ r@ﬁhacogltgura{: 708 ! 1&& A mg%ﬁlervmﬁ 15 nﬁ@]@g’c@cln Bin also be
enyl, tituted enyf ereln t R
| n r I from r i.n
ernployeéj.b t}lnégcr%nt ]r%ﬁ uéig eeﬁ% ﬁg% resgoo]T i?(? %ﬁg? gﬂg d etrelng such as, for
nitrile, or pyrimdinyl; [0067] R i S ghenyl
example, ihe eqniiguetiop Herfyee S\nﬁélr%qonllw@tqdﬁerﬁlﬁ stiBad Ptuents are
selected fromthe group consisting of G _sal kyl,
ha&khogBiguraB tshows tha pdrtidr anetdyyVicana orict armbeeliment of an internal tree
pyrimdinyl which is optionally G _4al kyl substituted,
cap 7008¢Ret AtluleAs FilteN®020f TIR indiishl Rre'e%a?WOO e YkanspGREIGD thBwellhead
I's hydrogen, 2-(trinmethylsilyl)ethoxynethyl,
C _sal koxycar bonyl , aryl oxycarbonyl, aryl G
al kyl oxycar bonyl , aryICi_saIkyI, substi t ut ed
aryl G _sal kyl wherein the one or norearyl substituents
are independently selected fromthe group consisting
of G _salkyl, G _b5al koxy, hal ogen, am no, G
al kyl am no, and di G al kyl am no, phthalim doC al kyl,
am noC _5al kyl , di am noG -sal kyl ,
succi ni m doCGi -sal kyl, G -sal kyl carbonyl, aryl carbonyl,



pyridyl)im dazol e, and 18 2-(4-di nethyl am nobutyn-
1-yl)-4-(4-fluorophenyl)- 1-(3-phenyl propyl) -

W®G2(04A109 dyl )i m dazol e. n exanpl e of the inveP@T/082009/041413
i ncl udes a conpound of Formula (1) wherein the
conmpound Conpound 5 of the fornmul a: Conpound 5. [0083]
I n one enbodi nent, the i nhi bi tor of GSK-SB enzyne
activity.is a co oun ﬁhhe Formul.a (11 For nul

through |n}ar{n6cfgs&1 Sy o8 pecksl ety Bt p@iten also used
roup consi sting of Ra -G -sal kyl - Ra,
during ’glggirg]am&ﬁwwelgawhlclcgrqggsskgmyqallmsgm@nl@ygmpd [ 59 8@, Residual mud
is selected fromthe group consisting of cycloal kyl,
and partiailetco ompg Irythainaviytin aredninéiceri@any the[if@Mha] trBd caps700 is run through it.
sel ected fromthe group consisting of hydrogen,

These p‘aﬁcuﬁﬁé(sgﬁé% &%;15 01)‘/ acﬁ%rég%l t!i@ Wé@?rtgee_ Ga@Oﬁ%E kopa¥des Fhdugh the marine

riser, wh@n%ay t%tt@%&ﬁ?th&og%atm&%ﬁ% %% I%F\;gg‘nal tree cap 700. Further

once the %ﬂglﬁ%ﬂ% ng %|O(l§ ){SL%qaﬁ%ff Y FheRV%th ('Eé% %%%P‘rﬁ angi/@r mud may settle
-aryl-R 6 and -heteroaryl-R 6; wherein heterocyclyl

out of thpgoheteplolviy| widlie the mache disetoantdhascamalatrion ¢henintarejdree cap 700
atomin the one position via a heterocyclyl or

presentin@tagscd@itial prabitgn dthlxbe opérating MEOBR]snisofithe IntérBaldree cap 700. The
substituents independently selected fromthe group

embodlﬁféﬁfséh%tx)nrig P@%ur@gqﬁéw@é@’(elen%n@sgokcg%%lakeyﬂhe pg?Slblllty of failure due to the

accurnulag 21 &f ﬂg,g r pﬂ("éulaéea?lk&%mtg‘)“ t&/ G Céi%l%g 8al kyI ),

alk)fI-S-(Cl 8% , -O(C galkl-

plsgicy T ?6{?%91116’ tt(ecjcog))(aqlqpit,q the 11N|F:@al tree cap 700 are similar to
-0 (G _8)al kyl-SO 2-NH(Gi _8al kyl), -O (G 8)al kyl -

comporRafN( discuBsddkinl PpreRiously- difaOpsdd @Iﬂ)(@]@)?ﬁt@.d T@ Yt kxtent possible, similar
-0-C(O-NH 2, -0-C(O-NH(C i _8alkyl),

elements @a @ BYenNQEtifRdl iyt heBame QuidBier Sdadhksiy lop&atdirwvill not be discussed in
-O (G _8)alkyl-C(O-(G _ 8)alkyl, -0 (G _8)al kyl -

detail ag{ﬂ’e o&g’aﬁ)& aﬁa wogigsqf@lesge_egle{l 583 Sy a iy?ilsc sgd in d(etall in regards to

kyl), -O(C 8)alkyl-C(O-NC _ 8alkyl) 2, -C(OH,
Flguresqcf%c» (G _8)al kyI CO2H -C(O -0 (G _8)al kyl,
-C(O-NH 2, - C(O -NH(G _8al kyl), '
oepo) The @t¢malggqekc>ap)7og 1nQ1181.qs a fgu@ gassggea]r %qh’at pogmitgthe removal of
8)alkyl-S-(C 1 8)alkyl, -S-(C1 8)alkyl-O(C 1
fluid tr@pad Ibylthe wBer(di tr®) @kaWO-@i(@gﬁg alskaflled OHffo a tree spool. As would be
-S- (G _8)alkyl-O (G _8)al kyl -NH 2,
appreciated (b? arf?) it dhimalsy 6IG1_iR) Bk kel hdWildCiheBdnkesit bf thiSdisGlosure, the fluid
8) al -0 (G _8)al kyl -N(CG 8al kyl) 2,

passage’ @&%g% ﬁgééiy(ﬁ ﬂﬁ%@e@%@% k%ql(.lzl 136 ﬁ@%& %%)J@éé[%d Psﬂgw the tree cap.

The treecgﬁé)l aqp %Rﬁé bﬁ%t Vgﬁ]&lgy%%gﬁl)l( %emoﬁé}?%s ?ﬁ% t%dw1ll prevent the
_-heteroaryl-R 6; [0089] is 4 substituents
undesirgd paepgedott pp rﬁmé@t%@md/@rrmﬁdtmt@gb% ﬂatdopﬁssafg@el&éné&@twnmgs 703 on
sel ected fromthe group consisting of hydrogen,
the filterGma@dick gdaptedCRr 8alpositiphed -ab@vBdick yxpekted - @dnt, of accumulation of
-C(O-(CG _8)alkyl, -C®2H, -C(O-0(GC _8)al kyl,
partlculaQ(OQ)thé\%k sm%N@ rIgH s ZhowlOF %NH(@ V&%L&Yt&ﬁes of ﬁlters may be used
-C(O-NC 1 8)al kyl) 2, -sO2- 1 8)al kyl, NH2,
-SO2- NH( G _8al kyl), - SOp- N( Ci _8a| kyl) 2,
-(G _8)alkyl-NR 7, -(G _8)al kyl-(halo)i 3,
-(G _8)alkyl-OH, -aryl-R 8, -(C _8)alkyl-aryl-R 8 and
-(CG _8)al kyl-heteroaryl-R 8, with the proviso that,
when R6 is attached to a casbon atom R6 is further
selected fromthe gr oupconsi sting of -Ci _8al koxy,
-(G _8)al koxy-(halo)i_3, -SH, -S- (G _8)al kyl, -NR7,
cyano, haI o, hydroxy, nltro ~0xo and -heteroaryl R 8

F A/ s ~ s R " oy o o



-tetrazolyl-R 6. [0108] Enbodi nents of the present

i nvention include conpounds of Fornula (I1) wherein,
WOR009832102 0 4 substituents attached to a car boPCDES2009/041413

nitrogen atom i ndependently selected fromthe group

consi sting of hydrogen, -G _4al kyl, -C2-4al kenyl,

- C2- 4al kynyl -C(O H -C(O-(CG _4) al kyl, -CO2H,

to accomél% t (ér%gfsgs%r ould @%ﬁrﬁ(@eiﬂ’by &%ﬂf Prcglnary skill in the art having
-S2- (G _4) al kyl, - SCp- NH2, -SO2-NH( G _4al kyl),

the bene@(@flméélﬁc Ry | )2 -(a _4) alkyl-N-R 7, -(C
4)al kyl -(halo)i 3, -(C _4)alkyl-OH, -aryl-R 8,
dei _B)eatdk Bl shamgl thR iBtearadl tree GapdJ@El ky thehamaimgainy pedRi@i with the
with the proviso that, when R6 is attached to a carbon

expansi@ﬁ ‘f)‘l‘il(% R6p kiéprEééE& hﬁ’its 518\&/@1%( idd, 0Ek}5ﬁ§1oﬂrlﬁﬂ§31$9rh§,'cﬁ§du§&d above,
_4al oxy, - oxy- (hal o 3,

may be_ 1)%6&(90341)6 & ’mtamI tﬁ% egﬁ%?@%o%l]lglll(éO olﬁé%élﬁ%/é P&l{léﬁ) dﬁgessmg the
. [0110] Enbodi nent s of the present

spring hév Pﬁé}w@a%%%@aﬁage Sray RS Shaped tmn;a%w% @gorresponding
R7 is 2 substituents independently selected fromthe

shape 1 iy lmjfpcq;@ﬁ@qthtﬂnmq(mﬁsmg’ @h{gg]e?@ andcthe 4apanyllon rin@2150. For example, the
4al kenyl, -C2 4al kynyl, -(CM)alkyl-OH, -(C

end of )tiad kxﬂ)em@othiM; Jnedyk 3¢ ,con(cﬁll\/kw)ital &ttespbhding recesses within the faces of

-(G _4)al kyl -NH(Ci _4al kyl),

expan51o1(1 glu,g %rgfl %&ﬂﬁt}%’@% éi&)) lgl dv)ic’l)e an adeé)uate 1ntce:1(rfaé§e ‘t()%wez% tahle kt;;flo clements.

The use g%gzow%ohz%%d%ﬁégﬁe 155891 N't_lratigeap%%es N Oa%i'%%okglc%hﬁguratlons

2- NH( C dal kyl ) (INC|4IkI -
could be @9}@[0@5 p&,ll)ropldg an a(d@uagfe) @tq@gce ﬁ“rf)\%p% ) xypns%rg%ms and fhe adjacent
-aryl-R 8, -(CG _4)alkyl-aryl-R 8 and
clements (a8 watild bk yappivetataddayr yhe & 8rdifady 341! inrthors hevbrgdiherénefit of this
R7 is 2 substituents independently selected fromthe

disclosi@e.0The ﬁﬂﬂ‘-ﬁhlsﬁrédtgtf) ano @ﬁay@ldlﬁ@@ e dricnt@liorftpin K5 ,conkdctddHo the retainer
S O- (G 4)al ky 20 (G _4)al kyl . -S02- NH2,

. |

ring 14%5‘%%? SAH el gg%sﬁgz bl F48.if o %%fffﬁ%%% sadial oripntation so
f bstit ts

that theipd S HTpifh Codebed B St engiing Sufeded iR BT TERsE ) 30 andior the

sel ected fromthe group consisti ng of hydrogen,
expansiogyingdpRy| | - (G _4)al kyl - (hal 0)i_3 and

-(G _4) al kyI CH with the proviso that, when R8 is

méstiachbe intona toardep mchudesp pRBpdtafvar7tli élrat petnaicst fbdd passrbelow the

the group consisting of -G _4al koxy, -NH

internal'tNié( 708l thdoluph thd\Itd_haddey |18, Ty eth@ﬂ@. 710 may include a nose
) al kox;)g( hal o) |d4§a ajr%dr oxy aﬁg)gﬁl tro. [0113] In

; [ :
709, 2 Se%‘zéﬁ 071 Solh RAAH0097 e AA FIROHAEH £ Rlond sating
oo R S SR T TS o i
C _4al koxy, -NH2, -NH(d_ 4a| kyl), -N(C 1-4al kyI)
710 so é%tﬁbe f(rﬁafre@ymg yorwld? ixgnesges Hiet fosver housisg 124 @erding a scal and
enbodi nent, R9 is hydrogen. [0116] Enbodi nents of the
preventprgefhad ﬁoW}ﬁrellnttfa@Blimnglrm@h tho Apniurdsagofl 8&os belbar the internal tree cap
wherein, R2 is one substituent attached to a carbon or
700. T'Fl'etﬁtﬁgﬁéﬁtlﬁg %@Hﬁﬁi' s @ﬁ’d {Hc058chAE sSHtRAYPpFAGS 733 1280 a@dpted to create
hydr ogen, 4al kyl - -C2 4al kenyl -R 5,
- C2- 4al kynyl -R 5, C(O)H -C(O-(aG _4)al kyl -
-C(O-NH 2, -C(O-NHC _4al kyl - :
-C(O-N(G _4dalkyl-R9)2, -C(O-NH(aryl -R 8),
-C(O-cycloal kyl-R 8, -C(O-heterocyclyl-R 8,
-C(O-aryl-R 8, -C(O-hetenparyl-R 8, -CO2H,
-C(O-0(C _4alkyl-R9, -C(O-0Oaryl - ,
-S@2- (G _4)alkyl-R 9, -SQ2-aryl-R 8, -cycloalkyl-R 6,
-aryl R6 and (d 4) al kyI NR 7, vvlth the prow SO

1. . I e . a o o o,



] pyridine-3-yl]-1 Hpyrrole-2,5-dione,
3-[1-(3-hydroxypropyl)-1 Hpyrrolof 2, 3-

WQ poopf1shiime 3-yl ]1-4-[2- (trifluoronethyl)phenyl ]PET/US2009/041413
H pyrrol e- 2, 5-di one,
3-[1-(3-hydroxypropyl)-1Hpyrrolo[ 2,3 - ]pyridin-S-yI]

-4- (2 pyrldlnyl) | H pyrrole- 2 5 di one, 3-[3-chloro-5

oraQ yl rld
metal- t(r %1 Sﬁ ar\x{.}%{ple olﬁ{ypl) hgli/s s@oxgn L rfygqral&,l v@ep'tile xpansion
pyrrole 2, 5-di one, 3- 3 hydrox%prop
plug 13Bripyir e ﬂqy[/eg msitippye pu;ﬂhgs @a}:ms} e gamet7RP exiyhg poppet valve pushing the
| H pyrrol e-2,5-di one,
first scaBing pobtoai | aowag-fidbnt Hicdowkr) hoirs{nlg-lQB playrolittingyfbuid [ﬂplv@ thkough the fluid
H pyrrol o[ 2,3- ]Jpyridine-3-yl]-I Hpyrrole-2,5-dione,
passage31'§5 ]Ih iR ﬁ)ﬂ%%\b@ﬁleﬁythé ckp a!ﬂSiB}i rp@t?i 303 YA Its fov&er gosition opening the
(3- ydroxypropy prrro o[ ]pyrid yl]-1

) . .
poppet Iyelgg r7?[8 Fﬁttﬁfdilgg %oﬁ&@@@%{.iﬁﬁﬁﬁ‘%gi%%g - he ozp_er)l/]]n)g of the fluid
r r ol e- i one 0 r.o :
passageH_l Rj:él’fgﬁ ﬁe \ASFaDg- [)f irap@e(ﬁ@él}cb)%&% p)mtg"qa'i)ﬁeleof%)[ 700 during
]pyridin-3-yl]-1 Hpyrrol e-2, 5-di one,
1nstalla‘@ot[ pn (e Hyelspoo)et Fhel intdrnal tree cap 700 may include a nut 715 to secure the
H i m dazol -4-yl]-4-[1-(3-hydroxypropyl)-1 Hpyrrol of
poppet 2al3e 7] @3y thdilow&-houbink 1860 pWsritlhﬁrai’e@ thdi $pridg 712 may be integral to the
3-[1-[3- (dlnethylanlno)propyl]

| |
poppet 'd%l;f? :jﬂf)g gﬁey ?bppe‘% l_v%t%)v)?gl%g géﬁﬁg%%e thEBNET & Rledrad-spring as

|ndaz
commefciell%rf(fiseé%(ﬁﬁ% gl)r(:féga)} ﬁfg(lu?cﬁ](;é %a}néz[ f)nf %f gﬁr%%yﬁ/{agﬁ C%hfomla The use of
yrrol e-2, 5-di one

a one 1)1602 mpprcr YBVE gh Ry vlivéfrﬁféwy pypases| elg- Hy B XSsioaply pgRpet valve or
- pyrrolo[2,3- Jpyridin-3-yl]-1/f-pyrrole-2,5-dione,

various 3tHeB mbchiathyrds, such as a check valve, could be utilized to prevent the undesired flow
-pyran-6-yl)-4-[1-(3-hydroxypropyl)-1/f-pyrrolof 2, 3-

of fluidJtmpugtdlihretudd phskagde asWdLﬂ@b@aﬁ)récidb@ B¢ one of ordinary skill in the art.
4-11-( 3- hydroxypropyl) - pyrrol o[ 2, 3-
é&w | Gipd-i }ﬂa]. frg(rz'gép 709 1n1:1%1%esnay %Eﬁleﬁt] dige éféibl‘?[%l that may provide a

benzof urany r oXypr opy
yrro

seal agas}lilﬁt tlf) @ng&pg& (?1 wlgleéﬁa ngﬁrgal tgee[qap (7§Oﬁ§/lallnc}%%lgl6ﬁl§ﬁ I}larllne riser to the
rrol o[ % ridin-3-yl]-4-(l-methyl-I
Wellheagyr élgéipspglegmgnl B{nwrhegq to- pge@_n(g therpgcumulation of particulate and/or mud
, 5-di hydro-4-[1I-(3-hydroxypropyl)-1 -pyrrol o2, 3-
on the ]qxpansmbm PBigy 130 23 5the dintexoel | treqpygap 6106- B- war Bomighr tHeemarine riser.
3-di benzo[

Addltlonélllﬂ tehiliap 'pﬁrti»éluta‘ﬂe flay (a3cuiel b @X3aPthe RiYdc) clérhémt PN rr@thet #hadfalling on
] pyri di ne- 3-vyl ] -pyrrol e-2, 5-di one,

the expéT 5413915?61@6 Wﬁﬂl&?lg[t§9l(l?hsmégﬁ gﬁ%g&%g%g)ﬁr&{l PR tree cap

pyr| f-pyrrole-

700. ﬁlﬁ r§51ﬁ¥%ycﬁ§% EC? gyﬁ?f lgel?q(n:ngmrrs[%tpgﬁxe}/ %uro?(ge%d%lal ! f Enrgg be secured

, 4- di met hoxyphenyl ) - 4-[ 1- ( 3- net hoxypr opyl 1/f-pyrrol o

within P,IQ eggaglrjlg)}pf yfﬁp ,ﬁy tg% ym}e[q hoglgl}agr H]Seoép 813{@%@1 tree Fc)a}llp 700. Various
3- (3, 4-di hydroxyphenyl)-4-[1 -(3-hydroxypropyl)- |

configurgdipns ahd [r2at8aaly myayi bk need3foylthe lelenmyt 701 e help dicone, the undesired
3- (2- net hoxyphenyl ) -4-[1-(2-napht hal enyl ) -
-pyrrol o[ 2,3- ]pyridin-3-
yl]-1/f-pyrrole-2,5-dione,[3-[3-[2,5-di hydro-4-(2-neth
oxyphenyl) -2, 5-di oxo-1 -pyrrol-3-yl]-lI - pyrrolo[2, 3-

] pyridin-1-yl]propyl]-carbamc acid 2-nmethyl propyl

ester, 3-[l-(3-am nopropyl)-I -pyrrolof2, 3-

] pyridin-3-yl]-4-(2- nethoxyphenyl)-|

-pyrrole 2 5-di one, 20

-[3-[3- [ 5- di hydr o- 4- ( 2- met hoxyphenyl ) - 2, 5- di oxo-
-pyrrol-3-yl]- | -pyrrolo[ 2, 3-

]pyrldln I yl]propyl] acetan1de



of G _8al kyl, G _8al koxy, C _8al koxy(Ci _8)al kyl,
carboxyl, carboxyl (C _8)al kyl, am no (substituted with
W@2®oh3a19e uent i ndependently sel ected from t heP@r/os909/041413
consi sting of hydrogen and G _4al kyl),
am no(C _8)al kyl (wherein amno is substituted with a
substit uent i ndependently selected fromthe gr oup
onsi s f h drogen and G 4a
accum eﬁ]gpog p @ﬁatg) 1n e(rpl It{ﬁei cag) %&l %qu}@(i;?;g qwaqc&‘r&;i by one of
and hydr oxy(C _8) aI k | ; and, wherein heterocyclyl is
ordinary, pleifl dim gl agt kaybg the b@@ﬁtwf this Gisgpsurevi t h t he provi so
that, if A and E are selected froma hydrogen
wlnst Ak udiechseair bboveatw pothetiml RZrobkns ehacined ba enedunered when

group consisting of -C2_8al kynyl-, -0 (G _8)al kyl -0,
1nstalhﬁthé @%el% &‘ee&)f)l i3 %mow% (%Rl lBHﬂéélth e, 1nte§fap)reé Qdﬁ The fluid
-C(O - (wherein any of the foregoing al kyl,
passage, égetﬂé/ l b 5.%8?‘:% F%ﬁg&fg l} ag?le(c% ﬁ%dgrﬂ ;ﬁ)ﬁéldglﬁ]lzd 1?1t«1y?1 s9 I%% a%%ﬁ&ﬂ between
the mo%gg z%@%#@g&;# tgg ﬁg%ggenetel %psg)l et ejovagrohrgutsfl]leg OLIL the internal tree

Ci _8al koxy(C _8)al kyl , car boxyl, car boxyl (G _8)al kyl
cap may @(c@d@a(p@rt ’g)Satp kpgrmit .tl@ regmividydt- t@pp:g(tﬂ(l@betv@ean g/inper housmg 105
am no (substituted with a substituent independently
and the $@b@dioasingneon t he group consisting of hydrogen and
C _4al kyl), amno(C _8)al kyl (wherein amno is
?MHSt ThaltRdni & @pSiashiy Hl%ﬂltde ,ndeeendent 7¥o Sﬂ@e{t @§5d%19ted to seal

romthe group COI’]SI sting of hydrogen and C _4al

on the ARk S, v s A0 pa R Pl bl 5% panger 300

f t he foreqaoi | kyl, al kenyl and Ikynyl I|nk|n

(shown gllnoﬁlgggreaf‘ g'HF’ Bt adapighJeP thve idna ghwnte o ggn metal sealing
substituents independently selected fromthe group

clements G 6174 Pite groyideheescel o thelexicrioaswiface loé theruppesyhgek 305. The non-metal
heterocyc Iyl (Ci _8)alkyl, aryl (G _8)alkyl,

sealing BRheheany} b&hscd)talpkarlent HpilsdaycbOgblydtioanthid and the sealing element
spi rohet erocyclyl (wherein any of the foregoing

may be %ﬁ\?ﬁ@é(ﬁ&i harfi& kL8 'bﬁ%ﬂ@l ﬂlT fﬁ{ﬁs’éu AR JF %e%e%ﬁﬁ% |elernents 716 719 is for

tituents are optlon stituted wt
1llustrat&vgn%qrg$ﬁ%§]§n ;’I S%*Efgrlgpglge il g%%%%sl @@%%e%glsfcro%@r}sﬂl% s%alonéJ clements
G _8al koxy(Ci _8)al kyI car box car boxyl (G _8) al kyl,
may be 45¢héereading prﬂ?ﬁ apligition a bﬁ: PRI iR RITaiReryyskill in the art
sel ected fromthe group consisting of hydrogen and
having @ic Bakky bf) thiadisclo§u@e. S)hallkykr {dupear €20 raap sadedtisely connected to the
substituted with a substituent independently sel ected

lower hbigAg.t BEr Efaiide, AR fdvﬁérlaﬁgﬁ)t@lf 74y £he P B AhrdidbdGo tH&ldek housing 120.
hal ogen, (hal o)| _3(CG _8)al kyl, (halo)i _3(G _g)al koxy,

: [ f ..
This rng% gE@}ﬁ%’ elgeg Iﬂ)ﬁ)&é@f da,rdgé%ﬂ Gho 89 % ded AN afRGESLN (B0 A 012 gIOP yorlglnally

heterocycl yl stituents are opti

constru?tg Szﬁbfouhgr al) é{;fb@t §e)fatplé &M%oﬁ%lr %e&v\he I nup%%lg: Ingc | I0<1y J[he tubing
substituents independently selected fromthe group
hanger. &rsst 8ETPY g |G fmag begggqpyq:te o tl@am@gfﬁgp between the lower housing 120 and
C _gal koxy(CG _g)al kyl, carboxyl, carboxyl (C _g)al kyl,
the lowamadapt{rsidistol pratved tiae mhwantsdl bmthreade'![g of ﬂrd:ewdmmpdnﬁnts. Various
sel ected fromthe group consisting of hydrogen and
configufdtiof@intey! Do uRE1t6 Rokhecd had K¥durd YHREIoRich addPtdt0720Sto the lower housing
substituted with a substituent independently sel ected
fromthe group consisting of hydrogen and G _4al kyl ),
hal ogen, (halo)i_3(C _g)al kyl, (halo)i_3(C _g)al koxy,
hydroxy and -(0-(CH 2)L6)L5-O, -0-(CH
2)L6-0 (CH2)L6-O, -0-(CH 2)L6-0 (CH2)L6-0O (CH2) L6-0O,
-(0-(CH 2)L6) L5-NR6-, -0-(@H 2)L6-NR6-(CH2)L6-0O,
-0-(CH 2)L6-0 (CH2) L6-NR6-, -(0-(CH 2)L6)O5-S-,
-0-(CH 2)L6-S-(CH2)L6-O, -0-(CH 2)L6-0O (CH2)L6-S-,
- NR6- NR7-, - NR6- ( CH2) L6- NR7-

RIS Va ”~ = 7 ~I 1\ ~ P——— AR IFSS  7~7 7~\ ~T  P~\ OIS



6,7,9,10, 12, 13- hexahydr o- 20 -5, 23: 14, 19- di net heno-5

-pyrido[2,3- ]Jpyrrolo[3 ,4-n] [4,7,1,1
WQ@kenzao oxadi azacycl ooct adeci ne -20, 22(2 | HPCHUS2989/041413

6,7,9,10, 12,13, 15, 16-octahydro-23

-5,26:17, 22-di met heno-5 -pyrido[2,3- n]pyrrolo[3 ,4-q]

[4,7, 10, 1 13]benzotr|oxadlazacyclohene|003|ne-

one, t hy
120. Aﬁerj}gtlxgeér t% %evea 8@%?7&2@ § lo‘gerz@ui}pgzlgo &p%l%qj%fﬁgntagl COélStI'U.CtIOIl
- di benzo[ *, gl pyrrol o[ 3,4- n][1,7,4,
as would e ﬁgwm@mﬁw aead pedivdizskilldo shawst beyinghe bangfitef driedisclosure.
6,7,10,1 I,12,13,15, 16-octahydro-I |-nmethyl-23
082126 Theé, iﬁf?:ﬂdiil et ltem GO0 mayAnelddd eaza]s scaliny eleokois 3o $revent fluid
nj[1,7,4, 10, 19]di oxatri azacycl ohenei cosi ne-23 , 25(24

flow b@twgénoﬂl% 1n%ri%céso®f1th% dotn ent@%f tﬁ@hﬁ@ﬁn@hﬁ@é @ap 700. For example, a
- -nEthy et hyl) -23 -5, 26:

%‘wﬁ o i 8] by LA TR acy%wéraegi. B g g s

between th%lzp())(gglisll,é]t ﬁyg 1%8 a@gb’ ;[Ihe]iéta%%r 1‘1:11'1;;1r 1%18 A sea n?gg éallgrnglrlto 7086' Isuch as an o-
17, 22- di met henodi benzo[/?,f yrrol of 3, 4- L1,4,7, ' '

ring or g@ta dippreat, aeayayeicd e pedodsh neal 28 thezs(ezﬁitce) elivgere theQnner housing
nitrilo-5,9 -dibenzo[”, g]pyrrolo[3,4- n][1,7, 4,

105 andlB¢c 1icd b@d@ﬂl 13. ak 3cylmlgadenait G0 sneh 23an @5ing4r htﬁbtﬂﬂ@), schl, may be
| -ethyl - O -octahydro”S - -nmetheno- A-nitrilo- 5 ,

used to 1[5516\;13@ 30ka1 A1y '[ﬂt&lf&[e%eﬁweeﬁ] thd ifheft body 125 and the lower housing 120.
|oxatr|azacyc ohene|COS|ne 23 7, 25(24 )-dione,

Various gorghéé{liaflogﬁ é‘ %,?,g]tl% 5 e’me,gts ga%g?eoﬁée%h 6)? ér%égg 3[ %uld flow between the
pyrrol o . I
Componfet,srgﬁ%la? Gietng) %%%%W@Wéih%@pff@wz@ai by gpoaf prdinasy gkill in the art
6,7,9, 10, 12, 13, 15,1 6-octahydro-23 -5,26:1
having the2@nefitrétiie doclsuredi pyrido[2,3-:3",2 -g]pyrrol o[ 3, 4-
nj[l,7,4, 10, 19] di oxat hi adi azacycl ohenei cosi ne- 23, 25(24

po7éli Orfegurg 9&h8w3 Ghelinferdad 13 ,cag 400 = thtGariiRd alay d&t@he(dﬁ)osmon The
,23 -5,26:1 7,22- dinethenodipyrido[2,3-/?:3,2"-

inner h?ﬁséﬁgoggﬁ’g ’h? F?Jéf%{ll ’dzwﬁe%dsﬁfn%z(ﬁf%%ﬁé Qﬁrﬁ{cﬁ%g;%?%o %§éa%% a locking
profile i ?Tgecg[?%)g 3}?? |n?10c§7fﬁle§f %.-}h% latt’fzhe% qosg}llpp (ﬂegrués E{le upward movement of

gl[l,7,13]triazacycl ohenei cosi ne- 23, 25(24 )-di one

the expenswrsplgg11(30,1Wh10112<¥13631gaa% fo3n dlec BRRPAH09- ofzhe poppet 710 permitting the
-5, 25: 16, 21- di net heno-5 -

spring Hi2pg/frthd oPNeB/ i B f@dte Biegyrstr shivfBpektiv®/l 1 06 fik2}dppeaZidicagainst the
cl oei cosi ne- 22,24(23 )-dione, 10-ethyl-6,7,8,9, 10,

lower hbudidg 130 cléslﬂétlféeﬂ@lhylﬁﬁ'sﬁh'ggzl 855thZdigh6the lnt@hfz!ﬁftﬂé@% 700. Prior to
5/f- dlpyrldo[2 n13 ,2' -5l pyrrolo[3,4-/7?][],6,12]tria

o PSR 0 BRI P B8 g s

the expallgstlortlglp B%ﬂ PBﬁ?‘Ey‘[ggﬁ’z? %I]S |sea11§? cﬂogioélc L away cfg)é]il r]I%welr housing 120
25, 27(26 )-dione, 7, 10,1 1, 13, 14 15,

opemng‘@w Abndpgdngs BS, t@g)ugg t@@miemal;_t@e cap 700. The pressure above and below
di met henodi pyri doJ 2, 3-

the interr@] {r2¢ eafl] Prmo} of Qudligdd] throhgh dheafhad pesdsafe . cosi ne-
12,23,25(24 )-trione, 7,8,9,1 1,12, 13, 14-heptahydro-6
, 21 -5,24: 15, 20- di et henodi pyri do[ 2, 3-
03,2 -Alpyrrolo[3,4-e][l, 10] di azacycl ononadeci ne- 10, 2
1,23(22 )-trione, 27 6,7,8,9,10,1 1,12, 13,
14, 15- decahydr o- 7, 14-di hydr oxy- (7i ?, 14i ?)-22 -
5, 25: 16, 21-di net heno-5 -di pyrido[ 2, 3-
03,2 -Alpyrrol o[ 3, 4-
e][ 1, 10] di azacycl oei cosi ne222, 24(23 )-di one, 28
6,7,9,10, 12, 13- hexahydro-20 -5, 23: 14, 19-di net heno-5
- di pyrido[2 3-

3 -/9]pyrrolo[3 4 A ][I 4,7, 16] di oxadi azacycl ooct

e NN NSNS A P . N 1 A A PN AN A A
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nj[1,4,7, 10,19]di oxatriazacycl oheni cosi ne-23
, 25(24H) - di one, a

wa@zeopiizniepht hyl met hyl ) -6, 7, 9, 10, 13, 14, 15, 16- oceEhys009/141413
2H, 23H 5, 26: 17, 22-di (et heno) di benzol[ k, q] pyrrol of 3, 4-
nj[1,4,7, 10,19]di oxatriazacycl oheni cosi ne-23
, 25(24H) - di one, a

[:_I(i(i;g l(_|p§r L {]O ého)évs an et rr]]r\{bc)dlment o% tlg'eoln‘éle%na][%re% 5cap|' %(? PII%HJdGS a lower

5, 26: 17, 22-di (et heno) di benzo[ k, q] pyrrol of 3, 4-
adapter 30 1thay, Ifas bron 203miedicatndage dlks Bpovetiv of theewb@g hanger and act as a
, 25(24H)-dione, a 3-[ 1-(2- {2-[2-(I
collatera]Zbe’ﬁ,eﬂeihbtolphingdnﬁaﬂﬂ ayifthhht @nerndk tyécacapn)0- kedshimxey Jsecured to the tree
et hoxy}-ethyl)- 1Hindol-3-yl]-4- {1-[2-(1,2,3
spool. Tfe qcﬁ%ér% 3&%1‘31?3’6351%9 3h&ide zﬂ-gb(llreﬁﬂil BPbp&ﬁ@%ﬁl 135 to permit the passage of
| Hi ndol - -pyrrol e-2 di one

fluid pagt t%ng lﬁwgp t(ﬂéte?%(FOAB NeYlsba albgl' BeOl 3 XJia]p’te‘%'ﬂSO may be selectively

| Hind I
connectegl GOI gq ﬁéwﬁﬂ%ﬁn]g&gé% gﬁﬁ%ﬁt @e)aa%h%ro]g af i dayve@ac{}p%& 93}) tc[ gn internal
(2- hydroxy-et hyl ) -1 Hindazol -3-yl]-pyrrol e-2, 5-di one,
tree capamgnuefactured without such an adapter. The configuration of the lower adapter may be
5-(5-chloro-3-{4-[1-(2-hydroxy-ethyl)-IHindazol - 3-yl]
adapted-t8 ,chgalicaxd-sccure different tubing hangers as illustrated by the lower adapter 830 and
2,5-di hydro-1 Hpyrrol -3-yl}-indol-1-yl)-nicotinic acid
nﬁmndﬂﬁkﬁ%ﬁS@@hﬁﬁluﬁgfﬁ” exanpl es of the invention include
a conpound selected fromthe group conS|st|ng

%ﬂpo r%tr%gl ﬁ:@’ﬁ%ﬁ}ngg&gfgmﬁ%%%‘g E.grf?ggrgggajpn O'5 ccured to a tree

aConmpound 10a Conpound 1la Co oun 12a Co u
spool 2@93 nfﬁg%mv@t eau%&h%f rte‘aedéeﬁ%f‘o gpammrg@l?&g e Spit latch ring
18aConpound 19a Conpound 20a Conpound 2la Conpound 22a
155 outGorgpgageath deck@epofilecR (B4ef tho trpospebl 260, Thopowerchdap@r 830 may be
Compound 27aConpound 28a Conpound 29a Conpound 30a

adaptedGonip el Bete S| CaoP 88NthaBRay Ged ds @Ulbatcad bendfial idckatgMBdhanism to
according to the methods of the present i nvention

secure tﬁlQ fnH ﬂ tL BT SR &8 lnlrtémaf"h'éet gl $00 19§ecH1f'-:eﬁ th thd A& spool 200. The

esen venti on express at st one o

lower agam%r- Onrﬂap l& clie%%‘ég%n X%argle 6]%_1%6{ % | ect %)IQL glj{gnltgf\ggr &{ap%é? 830 may

Connexi n45, Cct4, SOX-2, Nanog hTERT UTF-1, ZFP42
include ggptppality ofgggmn@s 8Fp 49 pg@mt ﬂﬁgi tprfng gg_st tl[lq)h)g@}r aﬂqppte{n%%O while the
enbodi nent, the pluripotent cells are enbryonic stem
internalgedel cap 80O issinstall¢dintathe teripebl @80t The hevpmheant gfobemner housing 105
cells are cells expressing pluripotency markers

permitsH@E itke@ Clal bftarﬁlﬁﬁbzmé@ﬁlélf Bbaw Gel . spobl 00@ RIBRdbiNeal 165, and
the enmbryonic stemcells are human. IsoIatlon

wondGHEIEY AEON, GHL R0 SO OREY B SISy o o
el 0P SRR PO D IR ER B o e o

and markers detectabl e using anti bodi es desi gnat ed

and theupaernasl Bé)ﬁcpfjth%lt@nglhe(ngﬁbﬁ(g(b sqﬂlmg ckpcatpcmap 8o one of various
145, 1998). Differentiation of human enbryonic stem

sealing ekhieatsi puchi dsran a-gsgibt siciahlip Real) xssoudll bESRprediatedrtg-one of ordinary
1-60, and Tra-1-81 expression (if present) and

skill in HRGHERSEH BX BERTS bPhiPdischSfate.! . Undifferentiated
human enbryonic stemcells typically have al kaline
phosphat ase activity, which can be detected by fixing
the cells with 4% paraf or mal dehyde, and then
devel oping with Vector Red as a substrate, as
descri bed by the manufacturer (Vector Laboratories,
Burlinganme Calif.) Undiffergntiated pluripotent stem
cells also typically express Cct-4 and TERT, as
detected by RT-PCR [0154] Anot her desirabl e phenotype
of propagated human enbryonlc stenrcells |s a

o, = I L Y T T o o .



Cell cul ture under hypoxic conditions on a tissue

culture substrate that is not pretreated with a
WEe@vasn1oor an extracel lular matrix [0168] | n BPEEUS2009/041413

enbodi nent, the cells are cultured under hypoxic

conditions, on a tissue culture substrate that is not

coated with an extracellular matrix for about 1 to

about _20 days. | al ternate nbodl

are- cEre il M Bk Bt P 0 of Higwg iy fone withou

culture substrate that is not coated wth an . ' '
the trecesppelacliigiigl Br shestsrth iftennalatsesueaps8Gloingho qunnde prpjteon with the fluid

an alternate enbodi nent, the cells are cul tured under
passagehifdoopicn. dogaictlidaiisstranss the tintssuletreutdpud(® iauhs latetcd obaioned with

is not coated with an extracellular matri x for about

the popp& vA%S10[cRbk thé ﬂuf@l ;gQQQS ﬂ’ﬁrﬂﬁ h thB %t@ﬂﬁﬁpﬁ‘éeccap 800.
condition is out 10 0 about O%)O . In an

i P, SEPIR ML 0 488 i B0ty

. oxic condition is about 3% 0170 he cells

stinger % SRR © dnigarer BRisT &3 @ %ﬁt oM ; p%?r cRsiey be Selectively
cul ture substrate that is not pre-treated with a

connectgd ¢ ierlower bausigt YA anuhigrnalriiee ican pérmittiagithgrower adapter 930 and
containing serum activin A and a Wit |igand.

stinger Al50efonbé iceghdttedt fie afEidicuil neeye adys origmatiaiadu@ctired without these

.[0171] The culture medium may have a serum

comporfeRi3C %éﬁt@tlﬂ%o{vg thd BrtdrARN AR Qhap 3DOYL t5unRinBDR Wosiigh. Hike stinger
an alternate enbodlnent t he serun1concentrat|on may

os0 s HERRARY bufl 4 SATRLRELIN D R PE RENEhg) el 10 hown
an alternate enbodlnent the concentratjion may

in Figuggs drand dg) i an BpResdGEk PO mtubing, hafiest ARY Oéﬁlﬁ%waieé/ in the upper
enbodi ment, the concentration may be about |pg/nm to

plug se@lhﬂuﬁleli@mw@lbng. hangeragrossheer. alheestmagted Hhbnotidee an uppdreguide sleeve
concentration may be about 50ng/m to about 100ng/m .

901, a deali@ggp@ﬂﬁeﬁ 99b 1 afdnatve Fhatdi @Rt 908 heThe piedndléats 001, B may aid
be about 100ng/m . [0173] The Wit |igand may be

proper oc‘[‘?én%foﬁq)f éﬁé)mn%gre%y &{H &ﬁﬂoocﬁ fnﬁgthgfupwml‘k 3U\Ft Tl?f@guide sleeves

Wht -7 odi nment

may bei go%ﬁreseé of foﬁf?;t&ﬁ’leﬁgt%nak %rerrbo%u(l#&? %%taheg\écmt {;érg one(Ijlt such as
concentration of about Ing/m to about 1000ng/m . In

DELRIYR, that meaynbg adapiadol@i minmizerpesenpyat dpmagmte ﬁlﬁayulweg thgageraeck. The
a concentration of about 10ng/m to about 100ng/m . In

guide skeaecseltiotdreny intlhde slots O tto eirom flofd tohBowvpkstl theamazer 950 while
about 20ng/m . [0175] 1G~1 may be used at a

the stinS@ISONS fieHed indb tM‘b‘ﬁlg'H&ﬁ%éﬁ 3000 DAYt 5 58ORgHHE stinkér 390 inserted
al ternate enbodi nent, the - lmay be used at a

w1th1ntﬁ9ﬂﬁlg&1tnr§£3@§]0ﬂfleﬂﬁ)% HQBgiE Lo about 100ng/nt. In

ntration of G~ is about

PRt 5y R e B o ® BB aEfe SBEder 950, shown in

i nvention are capabl e of expansion in culture under
FIG. lhyssoxbe cenlghred dascalopgainss dhe tehing davges ubXk r 4t ént prgbodiment, an

IS not pre-treated with a protein or an extracellul ar
additiomahtsealx sudh0ds/ ] sedlivey cef |(sotestpmes s cangbp lintudedt @n@ysition 905 to help

mar kers derived by the nethods of the present
mbvumuﬂy@a&k@@aﬁxpress at | east one of the follow ng

pl uri potency markers selected fromthe group

consisting of: ABC&, cripto, FoxD3, Connexi n43,

Connexi n45, COct4, SOX-2, Nanog, hTERT, UTF-1, ZFP42,

SSEA-3, SSEA-4, Tral-60, and Tral -81. Further

differentiation of cells expressing markers

characteristic of the defini#tive endoderm

| i neage[ 0178] Cells expressing markers characteristic

of the definitive endodermlineage may be

dlfferentlated into ceIIs expreSS|ng narkers

e o o a1 . o




isolated cells are standard in the art. These include
guantitative reverse transcri ptase pol ynerase chain
w0 e@ot3am (RT- PCR), Northern blots, in situ  PCT/US2009/041413

hybri di zation (see, e.g., Current Protocols in

Mol ecul ar Bi ol ogy (Ausubel et ah, eds. 2001

suppl enent)), and innunoassays such as

i mrunqQhi st em cal ana sis.of sectioned terial

UL oF OB 5F TG, & oo r st Ol Clise oBod T el B frs being
' inintact cells, flow cytonetry analysis (FACS) (see,
insertedeingo theHapresweshd0bankhe itisigay 9 inaheks s scaling aptiont Y3 positioned

Manual , New York: Cold Spring Harbor Laboratory Press
betweerf 1 %98Jr)guideklE5t 9B anphe sppdr gaide dhadt @91 uspbulindeation into the upper

detecting certain protein markers are listed in Table

neck 3dSAthe| ﬂow%hgﬁ'l'dg sRevaodd;il @i@s& c@htta@tr DAEE cBhROSOBR: 306 in the upper
|reCte o the sane narkers t at are recognlzed by

neck 3()tSheT %n&lingg g% $§ thI Iﬁ%t %11&21 gp %ra%a Xg Ité ﬁgl grtPcally orient and

e rea uc erna e an

can. al so he e for asseSS|ng expr essi on of
gﬂdeﬂﬁﬁ%pgw§50ﬁmpﬁgpggpggwpgg]ated in accordance with the
present invention. Detection of cells expressing
irespik e Be opar actle pO S trickudes atsheondguedanet pofiénddt thahes located below
i nage [0196] Markers characteristic of cells of the
the firspaudaeat profien3ECr The s¢doné agedaace pivEilé 38N oam atstndllooer diameter
skilled in the art, and additional markers

than thCHAF BEHEIderd e 806 tt@ BetR %ﬁ%ﬁﬁhé GtifrH 960 tidEnd InB&RBE into the tubing
contrnue to be |dent|f|ed These markers can be used

0 f|rn1that th at ed ccar
hanger. t%%gh BB Yeh ook SRaeb RSP Ay BEEE NS g i bupper aviae
he properties characterlstl of the pancreatic
sleeve %%aemﬁﬁ@ the mgélppﬁzfaﬁléﬁ@g?ﬂ%meﬁfd@@rm@r nfHiedde The engagement
speci fic markers include the expression of one or nore
between rth sorer ptppon dfsanttor 30% ot the ,sefand ewidapiceproNEN387 provides dual
NeuroD, Islet-1.[0197] Markers characteristic of cells

guidand@fto tthestthgeeh50.| Thedga gaidnvepbdinktintd enstikohe sikidrl9sd is vertical
in the art, and additional narkers characteristic of

before §e|&¢r1§bth9 gk vlzl'tlﬁf? ﬁ%euoﬁb?gblc %Lkgalt Iﬂroﬁ% 196 He( ﬁr@ven-{l?ﬁﬁﬁ%e to the seal

ers can be use Irmthat the I's treat
ccor i entlo
during 1&1]5?1$ 190 &1‘1 Q[g]@eli % EE? Etgle{ %reporfntéeé P?ﬁog guldance profile is the upper
characteristic of the b-cell |ineage b cell 1ineage

plug se%lpigeﬁlreu ¥ 0c WaEwEt I thovisdhe piigendel phatiengs wish ﬂ&f—‘nseégn& pertion 902
or nore transcription factors such as, for exanple,

located Ritwie (hpammree pluge sahgrafioddfal Throstegbo 5 Qenesiited within the tubing
Nkx2.2, Nkx .|, Isll, Pax6, Pax4, NeuroD, Hnflb,

hanger lifit fhe logfer %bﬁfe%le@@@dyaéoﬁtam%ﬁoﬂﬁﬁeBw off MRS Ribing hanger. The
transcription factors are well established in the art

shouldeEgP9 E\%@?{ﬁa{ﬁb?f%? ev}l‘ge&%s er?_:ege}e;:cng §f t@@ lsh eﬁ §g§:2A‘f gg%%s)ltlon a sealing
T I ClL. I |
clement SiSeT St By RABL TR P HBAELE SaftE SOp R NG heppgplug sea

ent (such as an antibody) that specificall )
profile $EQ;Q§gs|hpyggn glgyfebl %i Fhanealieg elgmsme%@éga}blgﬁ @ge%/aé lip seal that creates a
expressing markers characteristic of the pancreatic
metal-tencebed seabevithi the apieer pAlg ealnabtilegdly), t he effici ency of
differentiati on nay be determ ned by exposing a
treated cell population to an agent (such as an
anti body) that specifically recognizes a protein
mar ker expressed by cells expressing markers
characteristic of the b cell |ineage. [0199] Methods
for assessing expression of protein and nucleic acid
markers in cultured or isolated cells are standard in
the art. These include quansitative reverse
transcri ptase pol ynmerase chain reaction (RT-PCR),
Northern blots, in situ hybridization (see, e.g.,
Current Protocols |n Nblecular Blology (Ausubel et ah,
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cells/cn2 on tissue culture polystyrene (TCPS) treated
flasks and cultured in DMF 12 + 2% FBS + 100 ng/ m
W@eapAaB0A + 20 ng/ M WNT-3A + 50 ng/m of | GRRCT/ESI0X041413

nmM nmer capt oet hanol (I nvitrogen, CA) and non-essentia
amno acids (I1X, NEAA fromInvitrogen, CA) under
hypoxi ¢ conditions (approximately 3% O ) at 37 0C in
standard tjssue culture i.ncubato The TCPS fl as .
Bhie. Rt KL PR erHPGRI SO B HBETHst et (i dpwer housing
matri x proteins. The nedia was changed daily. The

120 ang thedpwphadsptps 9381and the mteréfce betrendhatovmr, aEmtmp?@ and the stinger
Various G owth Media Useful for Expansion of Cells

950. Hxpe el9silhgtrRba tlicpninaimpytobhird eassd Derm vied ifteonl Hagreap allowing the
Enmbryoni c Stem Cel I's [0209] Cel I's expressing

poppet p b (9‘ "[é BRERNE Y PAtK BlcSal d841 Bedledn @B HMNRAL Bﬁt’lgﬁ 170 158Mhe lower
| s have been successfully cultured in e follow ng

h0u51n%1¥%§@%éé%ﬁﬁfggf13 l?_ﬂl gr%%%s gérge(%alptﬁﬁfqub\#a%%et\geen the poppet

0,
710 ancﬁtél\{;: E@lv%er-lé@%p/fng %%@MTéggtlgge/ggiéﬁggy_gnég@pna‘/@;cﬂfﬁl 13,@@@1%8 Iglch creates
ng/mM WNT-3A + 10 ng/m 1G--1 4. DMF12 + 2% FBS + 50
a meta]ﬁ‘@fmﬁtaldpearl ROwVerRy the WWEeBARSG Bd thg/Inver @Ranters 93MM IHgare 19 also
+ 2% FBS + 50 ng/mM AA + 10 ng/m WNT-3A + 50 ng/n
illustrate &G pbrt6.08 BivtongR the R%cFBSustnd 0201971ith Adkmiits2Oc Rghdkal of fluid within
WNT-3A + 10 ng/m 1G-1 7. DMF12 + 2% FBS + 100 ng/ m
the cavﬁyb‘of tHO10%& 'ﬂouy‘g 136\ a tﬂ@nﬂl@f Hl)usllr%: 105 FhovEESGHEHird to the latched
defi ned nedi a em con, he basal conponent of
4 t he above I|sted nmedi a may be replaced with simlar
POStONpdi a such as, RPM, DMEM CRM.,, Knockout (tm) DI\/EM
and F12. Exanple 4 Effects. of Inhlbltors of GSK-
2942y nEIgAaSﬂ\an shom eufeethodimentiaf ag Antega] ee@@m@sthﬁgmay be used
Pl uri pot ency Nhrkers [ 0210] Derivation and nai ntenance
in with @fgag difl en theprves s FrayrplUshot @ amps-nedtien © fas intand dotcarp 750 that
as has been described in Example 2. Cells were grown
preventb fluldVEdA FADughipi) RwenilecbeWab 758 % it eldl tyintct0 geidl} probdded by the
ng/m Activin A 20 ng/m Wit-3a, and 50 ng/m | G-(R&D
poppet ?g?syﬁaﬁﬁg)eie kd 504 (F, SRE98Y e@%%&k%% i da¥a bétQJ'GQIQQhG various

| s/ cnm” on Fal con polystyren S and gr wn

oo BACHENE GMAARE, B PR e ST AL P

washi ng t he nonol ayer mnth PBS and |ncubat|n with
leakage“rbemee the dower bysivie ¥ angl the dowier adaptes 989 J\Jve internal tree cap may
detachnment and single cell dispersal. [0211] Screening
include wadialcftovd pette @6 (s shgwnes Fignoapbwhdh fermrtiee propei eftteapped fluid as
l'ibrary of small nol ecules selected for their ability

the intebrfal i@Bichp Is GRKHIR0BEF KBRIréFtd thicttdee sHOTNANHS séall PiRetsBi Sreventing
library were nmade avail able as ImM stocks, in a

fluid P fﬁ?&l,léh e91 a SuddAhORke | bﬁ) thﬁ%@l&)ﬁ'gyﬁ%ﬁ%ga bl sealing element

assay, s expreSS|n ers were

o e S R RER SIS e B GHLL B ™ siner

96- wel | cIear-botto dark-wel |l plates (Costar). This
950 mag dpelpdrya dedypetipnalascappg ¢leanest 98@etTélfs hi-dEectiopal seafigg clement may
opti mal nonol ayer formation in overnight culture. On
comprigehtevol mletabwipngralliay eleatehtsud 16, 98 di thiamh praside enbivéickctiowdll seal when set
nonol ayers were rinsed three tines with PBS, and test
within th® Uﬁﬁéﬂ@)ﬂ% BT SroARAR® drohd h8indMahgerial sBOM irdkibGeaDS ,
each diluted into assay nmediumat a final assay
concentration of | OrM On day 2 of the assay, nedi um
was renoved from each well and replaced with a fresh
al i quot of test conpounds diluted into assay nedi um
Assay nediumon days 1 and 2 of culture consisted of
DVEM : F 12 suppl enented w 26 0. 5% FCS and 100ng/ n
Activin AL On days 3 and 4 of culture, nedi um was
renoved fromeach well and replaced with DVEM F12
supplenented mnth 296FCS and 100ng/ m Act|V|n A (no

N a D I ™ T R Ar-__ 1 n



the Wit 3a/ Activin A positive control. Normalized data
was cal cul ated for averages and standard devi ation for
we@awb/188p i cate set. [0219] Table IVis a PCT/US2009/041413
representative summary of all screening results. Table
Vis alist of hits fromthis screening. Strong hits
are defined as greater than or equal to 120% of
contr val noderate hits are fined as fallin
vt b Aot bl DaFeeongembedomst o LGheror GRSt Afinemal tree
ni fi cant nunber of conpounds induce both a ,

cap 10q9rtgat| inelpdgsi aseavits d 0o Savipg atpholsle 4 gegept 2 wigshraplug| Figare 23 shows
signi ficant nunber of conpounds induce differentiation

a crossdsectioni dewsdale imanae@asucapd] (Y inherynnoigepasit@xpr Bissinodinal tree cap
of Sox17 and Hnf-3b transcription factors. Exanple 6

1000 inEfubi&CdSuer hirl f(ﬁb%n@flo@*ﬁoﬁﬁngq gyaTeT lﬁcﬁﬁp\éf housy fd?@ includes
Proliferation off Human Enbryonic Stem Cel |'s Deternlne

a lockmgr#gggleﬁi OC b d a(:t‘ gg{%%&b@g@ ?(*yer{g%%g% ’Xﬁ‘kgﬂ%gfg ?120%16 ngx%g tool 400

descrlbed i n, Exanmpl e_1. l.oni es of cells were

shown ipgfiigprgi nelhq WEEmg PFRAFIF flegﬁ Ht fhavads fon' ﬁw%&vs RPrRos e nly and may
W th passage on average every four days. Passage was

be adapgrskth sngagsd vayioex posinggreelting cedls ay weulddeappiskiataddry @ie of ordinary
collagenase ( 1 ng/m; Sigma-Aldrich) for 10 to 30

skill in Bhdnatt @sving tiR7Eacfiodbf t(h\'lbﬁdisdiwsug@ NThe upst dpusigg WL irkludes a central
pipette tip to recover cell clusters. Custers were

bore mﬁ{ihgﬂf‘eqeﬂﬁh sedic 'Tl%ﬁ;t;mgn@}hé"@ﬁﬂ’é@ ‘ﬂoﬁs%% BOViS niRabKWREween an upper or

agenase. clusters were split at a ratlo Of

oo S0, 0 AL NS 5 b e 2
lines used for these exanpl es were maintai ned at

The lowss deuyee HOiAs .aéant%i@ erRAYe e lamer sod ithreunperlousing KRO when it is
for normal karyotypic phenotype as well as absence of

moved mfc ofsllasen pesticani Aatet ong 1062211]sitaktl acdundttbe sowgdbusing 1030, is
assay were evenly resuspended in normal culture nmedi um

movablamdtvleatadcippdt posoiRlaCshowo di Eebud®29ednd Paskardsition, as shown in
VI EWPLATES FPerkinEIner) in volunmes of 100 /well. MEF

Figure %4392? tdepﬁﬁ 16?6’ ?suf&e%iuﬁdpthg %@r%u%grl0§6‘% §+ch @@7 tl‘fﬂ%he set ring

for initral plating ahd recov ry Da eedi

s _conduct e rating spent cul tur nedlum
1050 s g BRTisn B0 DmPER bl el PP B el o fe" 8?5“11?‘83% syne with
medium Plates were naintained at 370C in a hum dified
cach otlyges shywyrom Kigwigsdhawd 24-he duration of assay. [0222]
Primary screening assays were initiated by aspirating
peshit uAe ausdtisphit htcbmingaldlo Owepdsitiaied aveohdie tdiere ofdshmeernal tree
in PBS to renove residual growth factors and serum

cap 10008SThy elitereslitahtc8Qink000d0 Rahowidld baveeen asldardr Pasikon, as shown in
cont ai ni ng M F12 base nedi um (I nvitrogen)

Figure Zjé' %Iﬁ{i/ ?ﬁ%&leﬁ %&%‘[ @P Oag ;E(t)/%ﬁ: %Fgﬁ%ﬁc%ép %ﬂt@gfget b I n%fhmlaéch ring 1060 is
in the 115%%3{0%%’18{11 ﬁg %1%mﬁg$q:{e%%% n(%%%hsg @@@trg}gg;éﬁ The downward

Negative control wells contajned base nmediumw th 0.5%

movemﬂ@s?f wha 6002 4069 93 theapper hawsivg. 1020 maves fegthe daws dagehed position
were tested in triplicate. Wells were aspirated and

pushes fthedusegaplit laich hingd 660 buiatard @l itd duderpositioday 2 of the
assay. On days 3 and 4, all assay wells were aspirated
and converted to DVEM F12 suppl enmented with 2% FCS and
100ng/ M activin A wth the exception of negative
control wells which were maintained in DVEM F12 base
mediumw th 2% FCS. [0223] On day 4 of assay, 15-20n
of MIS (Promega) was added to each well and pl ates
were incubated at 370C for 1.5 to 4 hours.
Densitonetric readi ngs at @490 were determ ned usi ng
a Mol ecul ar Devi ces spectrophotoneter plate reader.
Average readings for replicate sets were cal cul ated
anng mnth standard deV|at|on and coeff|C|ent of

. o M



conpound effects on cell nunber and Sox17 intensity

where respective data points were averaged from a
waelapbizate set and mined for each paramneter freeT/US2009/041413

identical fields and wells. In this exanple, Sox17

expression is indicative of definitive

endoderndi fferentiation. Results for cell nunmber and

Sox!| 7 i nt ensi.t especti vel Si n human .
By Aipek S Aai RS Rt SR g R oM mnsiggen annular
I X Results for the HO human enbryonic stemcell |ine ,
cavity bptweeshbaripper Mesings1020aand xver poesing V3G oAt bastony gilgreefl the inner
were normalized to 1.000 for cell nunber and Sox17
split lattintieg 09§ abute gainwad daritg bp of dlcugpembesingeHR0t Mdw inner split latch
0.388 for cell nunmber and | ess-than 0.065 for Soxl| 7

ring is nYVERS! BYwint &h BEEP pe&libn,! ésnﬁﬁ)wnAmgF@ﬁfb' 3, et J@Mﬁler Bbsition, as
these data, conparing bot’h human enbryonic stem cel

shown Iﬂg& eaﬂld %0\%& i) %1%&9 ?§ ewfngt {h%e%n?eq ﬁf;_r‘golg?c%qm%oml'ig ‘fln the outer

ovi ded |gur
I I I T

pronote hES cell proliferation and definitive endoderm

1020 is dip thicd ptehini appitan,sndpvirdesd infoy caantopt therddckrdgritge 1680 pushes the inner
activity. Exanple 8 Effects of GSK-3b Enzyne

split lattmFihi1090 sawaind tdigs mxpr gsitionn Whildddi [bélodaticdVBskateains in a lower
Associ ated with Definitive Endoderm[0233] It was

or lockéd%'iﬁdfi‘lnﬁs tivdlepomshicate ity head SoPOLRYSnEAH ! Hessure onto the
al'so i nduce ot her markers indicative of def|n|t|ve

iner ARG PTG S PERLsPag T’ PR} bl DLLAS g pion. i
was test d for their ability to ronpt e expressi on of

facing gioopes a 3 ifEen 8 thecpen rsplar By i'?fng argo mntee@ce etigh cqrresponding
transcription factor al so associated with definitive

outward frdogegrov disfand rredges at itimlowed 28ujin®d @hr Bthilerthefnner split latch ring
cell sfor assay: Cell clusters fromthe H human

1090 grobbdsymidi idget and @) lowket RBusiie hIngrobecsamdaidges e @Vvatdryonnected,
resuspended in culture nmedium and plated onto

and the m%( fdﬁ) r@ @S Gh fts #ov%} rﬁé)f tﬂéh ﬁ’ig)m&r‘églllﬂ dll ?lhgngs 090 cannot be

rnlng in v umes o

d wi,th .8n

moved Pplwilr ,dldl %thqnl tﬁgﬂgﬁ)aveé )@Bgsdgg g{)éﬂ tﬁtlglﬂf%‘@aﬁi piraveﬁé%{he upper housing
conducted by aspirating spent culture nediumfrom each

1020 frop; wovead m@ﬁn@etp greliition tahelpyar hopyingd 03 Mhilerthe upper housing
medium Cultures were allowed to expand one to three

1020 is dlaysprefened fpdramavengooiisrupper pasittonathicsgt s HIP0 dehsdtéds moved into
were mai ntai ned at 37C, 5% CO2 for the duration of

its uppe'ﬂ-i)‘é@ﬁ’lon,[ WR3Blin Rird @)@é\%htsCtHe olitcE @pmqateﬂ&i Bhel 18§F ¥ m moving into its
medi um A subset of seven hits resulting fromprimry

nnmrp&ﬁﬂﬁ@n'ng was used for foll owup study and subsequent
secondary assays. Neatconpounds mere sol ubilized as

10MM st ocks . in and.store ted 20 0
(6 | A S80S g0 DO beve e eféahfpfﬂtﬁhlorﬂg& Hggsabout the
were diluted to a final concentratlon rangi ng between

exterion] ofiye aviernalniaci gep DB Abeve teessuppit tire (DAY Istanoyser)scaling assembly
suppl enmented with 0.5% FCS (Hyd one) and | OOng/ n

1100. Thet intirima] ArdeR&P Bl00sfusthemmclude® 28 Ghneksealyng Tdsembbs a0 positioned
was initiated by aspirating culture medium from cel

around TRNWEYIRSSinkNogach wel | fol I owed by three washes in
PBS to renove residual growth factors and serum Test
vol unmes of 2m per well were added back containing
mediumw th 0.5% FCS and different concentrations of
i nhi bi tor conpounds with 100ng/m Activin A w thout
Wit 3a. Positive control wells contained the sane base
medi um and 0.5% FCS with 1@9ng/m Activin A and
20ng/ M Wht 3a (R&D Bi osystens) in the absence of test
conmpound. Negative control wells contained base nedi um
with O. 596FCS in the absence of Act|V|n A VhtSa or

N a o N T 1



by treating with mtonycin C (Sigma Chem cal Co).
Cul ture nedium for hES cells on MEF nonol ayers
wa@ongiisxied of DVEM F12 with 20% Knockout Ser unP@ephaogo41413

(I'nvitrogen) supplenented with m niml essential am no
acids (Invitrogen), L-glutam ne, and
2-nmer captoet hanol . Daily feeding was conducted by
PEI o {g;qgegﬁgtw“g?&cgggﬁgg@%ﬁg@m LhemEash el A8 in a tree spool
Cultures were all owed to expand one to three days

1120 withtte upneathiongngd 2} int o lawdrtor datelegl pesiiop. and the é@pkv@me 1080 in a
mai nt ai ned at 37C, 5% CO for the duration of assay.

lower drOddicld prsiar. atAsodisafssaioapaenddilante dsckageviadil 080 iAin its locked
subset of eight hits resulting fromprimry screening

positionV@e WAL RInd th(%\éhﬁtﬁ be X %]Qs TP PEYAOH, vﬂﬁ@l?ﬁl@%ﬂfs the outer
assays. Neat conmpounds were sol ubilized as 10rM st ocks

split latizllf' rl%@?@?‘%mSBGQ%g g}oggé 1?0 ﬁsatn%g%ﬁ;p@@sltlo%o g% Lﬁ(v&én 1{}\16 }?ig&’e 25, ridges and

diluted.to a _final concent r on. rangi ng en | .

groovess Qf a4 Ard AR wt%efiﬁto‘? fi thg é)élter[sefz)hfﬂ}%%%\;}m interface
In this assay, GSK3 inhibitors were included only on

with cogtagpondingriifiges efd gleevetedi mintating peafde.dey #n inner surface of the tree spool
differentiation step, substituting for Wit 3a.

1120, wWhidhr predits shevaLef the ¢utbindl €S aip MNODRIdaEHct thge spo6le] 120. While the
initiated as described in Exanples 7 and 8 above by

1nternalat§é3:' Ja?tl'oﬁg 1§létcfh‘é& B BrhSIONM20Ehk JERAQLAVEI U m@uttemams in
by three washes i nPBS to renove resid

h facto dseru For differentiation to
Contactgvé@%tfe%w@ii%%&ﬁ?f V&0l unes (0.5 i per vel | for
24-wel | pl at 100 m per well for 96- at es)
(Astle Ew&edZQ:gfml%tﬁ ﬁlCFﬂjS‘I_S)FSE‘IQPIf"ieZN ﬁéﬁteu%ewmfﬁefj cap H%Onee tree spool
and different concentrations of inhibitor conmpounds
1120 with the @@or heusmg KE0iivian uppervirtrhioung YesiGen. Reoshavwva Figure 26, with
control wells contained the sane base nmediumw th 0.5%
the locF@&/ientosl inhitsl@ihee positide tthy inheAslitdatR RigiemOIWis 3blc (tR&dve to its
Bi osystens) in the absence of test conpound. Negative

outer p&‘?tmnr Whlé"‘%lfo%\fs qg@%@e?ﬁ Tﬁ‘%e 1EHG bg\?@ ﬁ% OBt :ﬁ&i‘ﬁ’étﬁ,rbagsiﬁg the outer

absen vin A

i iy frﬁﬁgqﬁgtqn‘\ieﬁ?’t%ﬁ%%rfﬁ U5 RS S0 A Brema e cap

ontrol solutions on day 2 of assay. On days 3 and 4,

1000 ff‘&TI[lIthf‘a@%eaipoﬂ)eH?é) were aspirated and fed with DVEM F 12
suppl enmrented with 2% FCS and 100ng/m Activin Ain the
migenEmucf 2bgtowstaagbssemnppaunidwarf thhinBamal Pae ahp ¢000 being retrieved
negative control wells were maintained on days 3 and 4

from a trfe oM R20Lwith aiseupRe hoiming 1620286 th€8ee E&F 1000 in its upper or running
differentiation to pancreatic endoderm cells were

positlor{)r eated for three days, feeding daily with DVEM F12
yase nmedi um cont aining 2% FCS with 0.25 mv KAAD

cl opani ne Bi 0s ces). and 0 ng/ FGE7
Pty B B e GRT Gh a2y si0n e Bat Bt ra 1000 TR bitieline plug
four days, feeding daily with DVEM F12 containing 1%
cavity @39 f@qmﬂﬂ, Sraok§EPHs withgn 9% wive Wgy@]pq;ggqﬁpm 1130 gpgl an inner lower
Retinoic Acid (RA; Sigma-Aldrich) and 20 ng/m FGF7.
body 1PR#Hr. alThel windget plug reaaptarol 13@eincmidew e intarmat @avigd 1010 into which a
t hroughout in DVEM F12 base nediumw th 2% FCS (stage
wirelin@plu@malBeBedted st age 3) and wi t hout any ot her
additives. Parallel cultures of H9 human enbryonic
cells were grown on MEF feeder |ayers, and
differentiated to pancreatic endoderm Definitive
endoderm di fferenti ati on was achi eved by culturing the
cells in medium consisting of RPM - 1640 (I nvitrogen)
cont ai ning no serumon day24 and 0.2% FCS on days 2
and 3 along with different concentrations of inhibitor
conmpounds and 100 ng/m Activin A Positive control
vveI I S cont ai ned the samne base rredl um (W|th or W thout

' AN~ 1 AN L " o YAL L o~ 7 SO N



Cells [0255] It was inportant to denonstrate that

treatnment with GSK3 inhibitors during induction of
waledoonsipwve endoderm did not prevent the subsepEiBn$2009/041413

differentiation of other cell types,such as pancreatic

endocrine cells, or insulin producing cells, for

exanpl e. A select subset of hits was tested for their

ability to pronote pressi on of pancreatic hornones.
P05 LB b5 Forint Ohchseape Pt LAy 04 COBious pouter seal
cel s obtai ned according to the methods described in

1150 areanipher sgal(1dig0t Yeah the idenaletr¢opiant 1080 anwet msidged tree spool 1120, the
pl ates) were subsequently subjected to agents that

scal 116@Gusetatthendalehls apoing if amentudice ofitho tpengpoebl 120. The secal 1160
hor none expressing cells. [0257] Assay for cultures of

contact$ HSeabxHUGBA pRABNYIN ThSi@M:GRhdioh 'bil%@e @%Dd\'ﬂﬁl-gah%b&tﬂk%siﬁon and a

was initiated as described in Exanpl es - 9 above

tower fSRph ARG EMduoSREMT AT IBFE Bt G2 1A Rozo. An
. r sidu%hyqfiéﬁh factors and serum For differentiation .
inner sqab agemuly til V@ oukd oal b 70 eaacior RBRONS. Wrigpe pefhoupqal expansion
' for 24-well plates, 100 m per well for 96-well
piece 1 fl0at A1 )nngepeal ddékdf honnzer sed gsyeathily il 1§ ednt@ s FEs amce of the
different concentrations of inhibitor conpounds wth
lower hd0Gn®@030. Agtdepicted An Figur Q8 th¥WEad axpigiont pive: 1eenivd Prooves 1200,
wel | s contai ned the sane base nedi um and 0.5% FCS with
cach corfOSMAHdHg B §4l BssAmBRA RBRAMAT u M 3RuiREPOE ASHSIEMer position,
in the absence of test conpound. Negative contro
l1s contain he sane bhase nmediumw th 0.5% in
the seal'RebGsERARRLOATRIF AR R Hiball P b Rediap g 160,170 are
.. Assay wells were aspirated and fed again wth L
posmoqeéevw%'hue she gensenk208: i“orige el ceranstgnpersnld 98ris &pyrrpdinto its lower
sol utions on day 2 of assay. On days 3, 4, and 5, al
positioralsys dywmedd snavenenasipthe appd lmnsing d 620ithdsddEMIOP1 2170 are forced out
suppl enented with 2% FCS and 100ng/m Activin Ain the
of the gadus@ CBOM fwhixgt push&@sdack esrp @ssahbOr 1 M0t 810, Bat@kiog] the seal expansion
negative control wells were maintai ned on days 3, 4,
piece lg?gf STif3, QYVEM Eﬂ)?etbﬁé@siﬂgeq!b%niéml&bgg&/oigtgshi F@%rle }I;oesition, the seal

erentiation to pancreatic endoderm ce

expans S-S0 B LD bbbl RS oty 110010
cycl opam ne (EMD Bi osci ences) and 20 ng/ml FG-7 (R&D

expand@f/ ofyatde ey ch reanlfsdn ieftehitas 3o egispi anyinperesgtfage eigthe figg spool 1120.
days, feeding daily with DVEM F12 contai ning 1% B27

At the fahmeviirhe,agevement 0f s sedll dkpADi@ypikophtfitnieto 2s lovcRpbsinoim causes the
Acid (RA; Sigma-Aldrich) and 20 ng/m FG-7. Paralle

inner sé@gdenitdy Q0N k@ lcomdct Syt Waichl ROES i aﬁﬁght%r W&l &ugainst the outer
mai nt ai ned t hroughout in DMEM F12 base nediumw th 2%

E 0 4 n i . it . (PP
surfce o T AT AL R S PR P b el 8l in the
further for six s durati feedi.ng daily wth .
other s b i B st R TS P 850 5ok o ibestgipclosure.
(gamma secretase inhibitor: EMDBI osci ences) and 50 )
MYz Atthewgdi Yaripus Smréinmngs hayg oeercgiova gk desermad, the disclosure is
treated for another three days duration, feeding daily
not so livnitéd SMEMIFRR ubdsstondkdi inniudontlauoh ngdifiéaBais arOvargtiohs as would
Exendin 4, 50 ng/m |G- (R&D Bi osystens) and 50 ng/ m
be appabr td HRRKBIQSHSkesrs) . Parall el negative control wells
wer e mai ntai ned throughout in DVEM F12 base nedi um
with 1% B27 and without any other additives. [0258]
Assay eval uation: At the end of culture, cells were
treated as in Exanples 7 and 8 above for eval uation by
hi gh content analysis or real-tinme PCR [0259] For
hi gh content fluorescence staining, cells in 96-well
pl ates were washed twice with PBS then fixed with 4%
par af or mal dehyde at room tenperature for 20 m nutes,
washed three tines nore with PBS, and then

| ~ r~An7 = . 7 oA PNSN ~~N e o,



i dentical concentrations of test conpound or control
sol utions on day 2 of assay. On days 3, 4, and 5, all

w@as®as3med | s were aspirated and fed wi th DVEM FCT/BS2009/041413

suppl enented with 2% FCS and 100ng/m Activin Ain the
absence of both test conpound or Wit 3a. Parall el
negative control wells were maintained on days 3, 4,

wHATIRG Sy ARPYEM F 12 base medium wi th 2% FCS. For

1.

ion to pancreatic endoderm cells were
treated for three days, feeding daily with DVEM F12
Bagdeterradiiremeape Hicdfogicap cORpREEEWi t h 0. 25 nM KAAD
cycl opam ne (EMD Bi osci ences) and 20 ng/ml FG-7 (R&D
Bi osysherimg haCalglas upperecmsiub keguend | andtareatreldpening floungh the
days, feeding daily with DMEM F12 contai ning 1% B27
(l rﬁﬁ'lérrh@gﬁﬂ the A KA, X APAY¥iNEfor &n SHVLReH V(/‘l% & runnin
Sé na- P%fd” ch) and 20 ng/ m F@?é%ar al | 8
ngﬁ}%lve control wel I s were mai ntai ned throughout |n
F12 base nmediumw th 2% FCS or 1% B27 and wi t hout
ot her, additives. Aft mati on of pancreatic
RIS N BRYIE JRFEP F’é‘gf‘%‘L v ged ooy oypigesadapted to
duration, feeding alternating days with DVEM F 12 base
medecivactbatasariend of geeBaTerhotHing, WIEAET ipnerrhemsing is movable with
secretase inhibitor: EMD Biosciences) and 50 ng/m
Ex atghicot td tSograholit betherandnhingyosibhahé a Rinded position;
inhibitor Il (ALKS5 inhibitor; EMD Biosciences). During
b ieSbadyd e iRR% 'b@gy 1R l%eiv%t%h RidoRtich JRAEIAL BHuRAE nd the
to respecflve wel I's; using the same concentration as
previous tr.eat t nitiation. of
G rufd R el R i iP8uded for anot her
three days ration, feeding alt{ernating days
PRt REch g ar?édaeme@dm WIS AR QothsiopvCrdiguiige ?ﬂl& a first exterior
Exendin 4, 50 ng/m |G- (R&D Bi osystens) and 50 ng/ m
HGBh¢RED Eithsinatelmsisingathd splitntcl GrgdcmgRhovabh xitwesn dnl inner
(ALK5 i nhibitor; ENMD Biosciences). During this three
daypopigioh @dd afSKBPpdIMidd)imthern ikethe oade pekild@cthe tplit latch ring
respect ive wells, using the same concentration as

%}4%&’%&?} tl{)ggﬁ 13 4 tthfg; ?letl ation of

tiatio Paralle et$s of positive control

wells were tre |nth resence, or..absenc .
S SRR e 54 SRUgSle e MR EESR i RS AR lhe st exterior
mai nt ai ned thr oughout in DVEM F12 base nediumw th 1%
B2 Ahapdenpf tth%werghﬁnsmgher additives. [0265] Assay
eval uation: At the end of culture, cells were treated
abulkrsetidacqiteabol 0 thabrupport ang exdbeiag pontitmedrirgindobe fisst exterior
anal ysis. [0266] For high content fluorescence

st @haulag,omgéinﬁemblgﬁrgmell pl ates were washed tw ce
with PBS then fixed with 4% par af or nal dehyde at room

L2 &ﬁﬁé@gﬁ' Ibﬁll%dlS %ﬁlngléér]ﬁ%la l?ﬁ{@ﬁ?gf tflg{ %;Slgt}& g, U §pansion plug

00 for nutes at ro erature. After fIXI ng
n eﬁ*&tﬁ%@ﬁq BIVE! @ oayer By AHEP LR O hr ce
times with PBS and bl ocked with 4% chicken seru
¢ PPAS pqgg@@}:d betvwepsa phpuldgy ofithaax@angen plygsnd a shoulder of the inner
tenperature. Primary antibody (guinea pig anti-sw ne
i nSwldiy Sthe spragsed@chinsed tainidve hiuneapansisupiug;to the upper position;
DakoCyt omati on) was diluted 1:500 in 4% goat serum and
added to cells for one hour at roomtenperature. Cells
were washed three times with PBS and then stained with
Al exa Fl uor 488 conjugated secondary anti body (goat
antiguinea pig 1gG Mol ecular Probes) diluted 1:100 in
4% goat serum To counterstain nuclei, 2nmg/m Hoechst
33342 (Invitrogen) was added for ten mnutes at room
tenperature. Cells were washed once with PBS and | eft
in 100 mM/well PBS for inmaging. [0267] Cells were
i mged using an IN Cell Analyzer 1000 (GE Heal thcare)
ut| I | zing the 51008bs d| chr0| c for ceI I s stal ned W|th
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[o007] Agas |ift may b e applied to a well in an
effort to increase hydrocarbon production.

w@rvwasaiponal tree caps may not b e equi pped tBCT/US2009/041413
withstand fluid pressure wthin the annulus and the
production bore. Thus, it may b e beneficial to
provide atree cap that is equipped W th

-di recti onal tal-to seal event
D AISEPTIaN (RRsIgBloghe Tt BB BT RB SREraef teianer
tree cap. [0008] In |ight of the foregoing, it would b
e desbingble to provide a tree cap that may
simultaneously b e secured to a tree spool and
etrledsy baecqransied pa, gealxpagicel @mbdoing nhdvabieuian ah smebpesition and
beneficial to provide a tree cap that may b e

I nsdtnéyulte?%omlbﬁtlﬁfoﬁéﬁﬁﬁ (qﬁntrrgqh tRdVeRUGN rdgari ne riser

or b e installed renotely using an ROV. it would b e
?}prapglogl 1n% ?oc% e(avbe \?ee]% atnre?(?erl%? Qurtfe{?:%t f m%yream%r ?in% and the central
era ene ing nmeans for preve
u war d. noyenent mellhead equipnent .such as
tu kﬂpﬁ’@lnﬁ 2 gerinngg Hilﬂg’a‘”ltﬁir%‘é RGNS IPY rij (At nph at least one
beneficial to provide the collateral beneficial
| ockbargianezinsn s isnarpdsitian wacn tdhehnearthopgingist inithgrunhimg position;
| ater addition of the locking neans to a tree cap. It
watileth When the mifer Gb@ing Mopesawititelandddr@eitioaphd Bgtanisn ring expands
flush with the top of thetree spool when | anded and
| NSh@l dn8fleliBr eB&s T &R iHRGHousihg, HOULHhnbiofk pgﬁ'ﬂstlésctb #le outer
to provide a tree cap that perntts the r enoval
wat er. tra ed bet ween t1§ tre ?qg thetsu $E ? t exterior
t r &&>188Y T 'S THE® Iy BBEIEH e §9 e AP RSN PPy fig exterio
cap, and permts the equal tion of pressure prior to
t héh%lﬁie\raw%fth@t Hdit @i@bﬂ%@ th £ PUiRDDPSIIR), 88d fhegupport ring
beneficial to provide a tree cap that may b e adapted
t 0 opexgvdcd theabudle sdal wgaiit @ sedvadteytsiriog shvanhdpe of tHeonoghoT$ieg and a
present disclosure is directed to overcom ng, or at
| easdl preflleif g ttdeespedlfl ect s of , one or nore of the
i ssues set forth agove SUMVARY [ ooi 0] One enbodi nent
r 0
2 Phek %lqée%c%ﬁii éﬁﬁ%ééf%?%% @ﬁuiiﬂ.ﬁﬁé% PRt Ty the flow
through the in t ﬁ'ﬂﬁ dfper e d of the inner
PASSAEHRS IS MG P HET E‘H’é‘ 12%0% Ehi Mg 05 i“ci‘i‘ & “iJS‘i “Cngagenent
with a running tool. The | ower end of the inner
3. hbusteigalitscecap ef glatm il iwhereinga e ndsd positionghe wangs pagyof the inner
The i nner housing is novable with respect to the | ower
housingnis flssingyitb ettopemd of a tiemipegl.or upper position and a
| ower or | anded position. In the [ower or |anded

4. PRS it thdaeapof tlafh 0f whéi8in! the Bihe NBMBIHED ST $hORnE&Eposition
| ower housing. [ooii] The internal tree cap includes

and splff b ELLHREM o8k BofR plopioE, SRR BBl dcRfbathcans o
%@ of, the . ner housi ng and al so i ncludes a split

secure 4 WP hapgel 11 (G TSeSPPRleat ed bet ween the upper end of
the | ower housing and a first exterior shoul der of the

5. Thasveraguricrsgp ofriailélr@éifwthqr&t)@nﬂﬁma@ lpwerglapteecanpeeted & the
of the internal tree cap and is novabl e between an

lower howdigg. posi ti on and an outer position. The split |atch
ring is initially in the inner position while the tree
cap is run to the tree spool. During the novenent of
the inner housing to the | ower or latched position the
first exterior shoulder noves the split latch ring to
its outer position. In the outer position, the split
latch ring engages a locking profile in a tree spoo
securing the internal tree cap to the tree
spool .[o0i 2] The internal B2ee cap further includes a
support ring that is |ocated above the split |atch
ring and is also positioned around the first exterior
shoulder of the |nner housrng The support ring

oy o e g,



wherein a downward novenent o f the set ring is
capabl e of pushing the outer split latch ring outward
W@ 2000113210Ut er position as the upper housi ng NOREHUS2909/041413
the | anded position. An inner split latch ring can b e
positi oned between the upper housing and the | ower
housing. The inner split latch ring can b e novable
ween second out 0S| and second
o Sheieauias of cbite Spr BRnah B eSS i Oaunides
posi ti oned above the inner split latch ring when the
collaterplpaefigipl lpekingmshns tosgeure ajtybing banget wrthie g epool.
position. The | ock device can b e configured to push
7. Theintéerngrtreeplap of tlaine B fuithg compeisidg thiolchdiens eebing clonmear connected
position when the upper housing is in the |atching

to the l(ﬁ)@e?iaﬂ'dﬁ@r whegind Bkt B8Y dn@ &AM Ql&n&ﬁﬁ%@ﬁiaﬁte@fto §4EbA bR xterior
i nward pressure onto the inner split latch ring,

t.har git inits inner position. A support
Surfacep?ﬁlqu%ngggl%gegosmloned above the outer split Iatch
Eng about the gxterlor of the internal tree C%&
Lhamtegalieesirar ehrlaim & Tydhar cPBRENNE 8 SHESY SOpRsiRdde t%ﬁ‘nlower
effective seal between the |ower housing and a tree
housingsgndait leaieametshdingrlemendiconnrastedda phe ssingers Mhetsireidie isenlingelement is
tree spool. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0021]
adaptedHb @usvedela sdadwithin grauppeaplug A wayfilvi ew of one
enbodi nent of an internal tree cap in a running-in
9. PRS inttérﬁﬂ tre[eQ:Qg oF cl'a:dng Y r@h@reﬁr’[%‘@t [BadP8hd be%hng erﬁié’ﬁ r\S’vﬁl\é’s a bi-
of the OM/prO ile tree cap of Figure in"a dp
dnanm S|t|on Ré %3L) gure 3 shoms a
8FSSS s oLy fiternal tree cap prior to
| andi n |n atree spool 0024] Fi gure 4 shows
10.  Arpethodabinsighingiasinismahies sapdp ﬁatreetSPe%l g ﬁlqt%&dc%%prwﬁlg
the locking profile of a tree spool.[0025] Figure 5
kit armnogdeslaotol olocldogpanfils oma mioeablefnn@nbousing of an internal
enbodi nent of an internal tree cap 600 with one half
an tigatcap naheréin elge @apr KOMgiis mosilabedcen B Rimi@nd pos@tioh and a
tree spool and one hal f og an internal tree cap 600B
RIS (ﬁgl | at ched into the | ocking profile of the
tree s (?5026] Figure 6 shows an expl oded vi ew of

one odi ne of an interna

Hl&i?ﬁ BrSeRan Bof By aRs §0BinergotcRboditt e arn
|nternal tree cap on a tree spool. [0028] Figure 8
s holinga whsrein tie igngr amvngnséwﬂwrruaweg PRYBENent of an
internal tree cap that includes a | ower adapter that
keding thaintdrealdérce erp on tagf oftahtebing penganecknasfedgo thetravgpool;
hanger. [0029] Figure 9 shows a partial cutaway view
@fopp@ ol d¥hRERBIVNtth&Erilt 8Rinef whtigirtBe 8ewibd Anddéh 4 MAQAbIe piston of
housing of the internal tree cap noved to the | atched
po%héh?ﬁnlt §30] Figure 10 shows a partial cutaway
Vi ew e enmbodi ment of an internal tree cap that
I ncl ude . hat both seals on the
g e e WERIh ik Sheafin: ng hanger and
provi des a collateral beneficial |ocking mechanismfor
meEinghe mgenkanging of loosignatitiga e fremdhoigningnasitioa)to the
cut away view of one enbodi nent of an internal tree cap
| atlethkidg \positiom vehdreieehesmpoadmertt b€thenhme halisibg eenudtapeously latches
including a | ower adapter that includes a collatera
beneficial |ocking nmechanismfor a tubing hanger.
[0032] Figure 12 shows a partial cutaway view of the
internal tree cap of Figure 11 with the tree cap in
the running in position. [0033] Figure 13 shows a
partial cutaway view of the internal tree cap of
Figure 11 with the tree cap in the | atched position.
[0034] Figure 14 shows a pastial cutaway view of one
enbodi ment of an internal tree cap that includes a
stinger adapted to seal in the upper plug sealing
proflle of a tublng hanger . [0035] Flgure 15 shoms a

oy Y 4 a1
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When the inner housing 105 is in the |atched position

a recess 115 (shown in Figure 1) on the inner surface
w@toovha2iphner housing 105 aligns with the expaPGi/og2009/041413

ring 150 permtting the expansion ring 150 to nove

outwards or expand into the recess 115. The outward

expansi on of the expansion ring 150 permts the spring

135 to force the expapsion plug 130 u rds. As.the
ox J BHERAGTS G4 407 (RG0S Mighla CAYE e Ppalgaiengigizar o bulk seal of
di anmeter of the plug 130 pushes theexpansion pins 145
outtheingynaldreexpansi on ring 150 no | onger is positioned
to hold the expansion pins 145 in their inward
11.  Pphsiicthod.of ThemdR¥pahsicdmeving tikIOndrrhotubieg upthe latplag povtion
retains the split latch ring 155 in its outer position
simultafRRIYG B aes HRCHrO Brodd Arl rlinih § tdoll Erobd B8 iSRG tratdab! @
running tool depresses the expansion plug 130 to
.|V . i.nher . 1 . .
12 b 5B ot Aeipgff S atRR o e Rl A g o marine
. ousi ng HQS forces the split latch ring 155 outwards
riser to e q3sPPQlr st ext eri or shoul der 170 noves past the top
of the split latch ring 155. The downward novenent of
13. fThemcthedof kpirgilAdutlos camposiog erelizar nragssutsuvikhis dld tracgool
| ocated on the exterior of the inner housing 105 as
below théitetpgiarccadp adhinhe prREJurOabot thdidtdrivd efee Rop tirdgzhldDBow circuit in
has a | arger outer dianmeter than the dianmeter of the
the intebfANBEe &USi ng 105 at the initial position of the bulk
seal 165. The support ring 160 and second exterior

oul der, 175.h to ensur.e the hul k seal. 165 is
14 TR o) gyl SRSk s et PR imd B e gopgifhroush o
.bul k seal 165 in place. [0058] Figure 3 shows the
ﬂOWCHFH%@}&@PH$F@bﬁ%aﬁm1oo being | owered into a tree spoo
200 with the inner sleeve 105 in the running or upper
15.  pbsimethod.of Elagurl@ fdrtedreesptibieg ipowedinp o gsllatgral bénepitial locking
internal tree cap 100 | anded on a tubi ng hanger 300

means deBSima] the tubifg hdigct WRRingpOAte B1. The inner sl eeve 105
has been shifted to the latching or |ower position

j t t v, - r :
16, (B R 0EN et SR % lsPS L BBigon | BRI OR foncr
.S [, 200. The internal tree cap 100 secured to the
housmgtlgg@wléﬁ’btgla t%%ﬁn(i’l%{/tﬁf)}%?/ FI%Pé)?‘a col l ateral benefici al
| ocki ng nmeans._ to prevent the upward novenent of the .
17 Aupethed phwgeHinggo 1ptgenal Beqwan ingressned., themecthed qonyuiing:
165 has been energi zed and provi des a seal between the
movengribd intered teapad 60a apclsioe the mersg ook c2OBavii®@bBiner housing
Figure 5 shows a cross-section conparison view of one

enhpghaBR BetWéenaruniin@ (pasitioh LR a CAhi RO Posiid ) whaldin e inner
the internal tree cap 600A being run into a tree spoo

20%{1&@@ id @ tﬁ%‘ﬂﬁﬁﬁ{g eJ&@itifon hi%gge_ {'r%%ﬂé‘hm%@ Fo HeR008!;

| at ched”into the tree spoo einternal tree

ap600. may include a fl ui ssage t hat rrmts the
G thg Mt e S bon ot BB B Sacs ot Rt et qigoot:
injection of an inhibitor into the well belowthe )
pHbagaPmpiclethe dpncs bousimg fotAeye fremdhe ugnwepasisianéo thgyatching
permt the equalization of pressures above and bel ow
t heposttibey whdreinrtbemospm&Q®f trd ionerthousiagwinalltantoushelatches the
internal tree cap 600 fromthe tree spool 200. The top
of the internal tree cap 600 nmay b e flush with the
top of the tree spool 200 when |l atched into place as
shown by internal tree cap 600B in Figure 5 . This | ow
profile of internal tree cap 600 nmay b e beneficial in
preventing accidents or collisions with other

equi pmrent whil e working or providi ng maintenance on
the well. [0060] Figure 6 shows an expl oded vi ew of
the various conponents of one enbodi ment of an

internal tree cap 600 and includes additional sealing

el enents seal pack 107 and Oring 108 to provi de seal s
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a one piece poppet valve is for illustrative purposes
only. A conventional poppet valve or various other
wore@basiigns, such as a check valve, could b e RBET/UB26%1041413
to prevent the undesired flow of fluid through the
fluid passage as would b e appreci ated by one of
ordinary skill in the art. [0069] The internal tree
cap 700 includes a resilient. disc el enent 701 that
o BuFee! St o agariSe Pl St iey SRegb e g eebull Sl of the
internal tree cap 700 is run through the marine riser
t o intgmahisb¢ bavad. The disc el enent 701 may help to
prevent the accunul ati on of particulate and/or nud on
18.  Themexpdnsichim[dl7uwghetd0 aasmbdledy opriacdadhitle éeusedp mMmOGe ths internal
run through the marine riser. Additionally, falling
tree capPBfifid €& o6l MY accunulate on the disc el ement 701
rather than falling on the expansion plug 130 after
r [ - .di nnect e rom
g A
e conprised of nol ded plastic and may b e secured . . .
below taﬁ‘ tq%?rﬂﬂgweéﬁ@ &gﬁhﬁge presture ebye theniatqrigi dhec g dirongp Fosowgircuit in
~ the internal tree cap 700. Various configurations and
the interngt e¢ edps may b e used for the el ement 701 to help
prevent the undesiredaccunul ati on of particul ate on
20.  Themethodrofalairhrnedutiag céRPrisivgWyudtthgn Ruid Mo elgd @dcaghoblthrough a
one of ordinary skill in the art having the benefit of
flow circlit $n B SHLAIIAE: cp0070] As di scussed above, one
potential problemthat may b e encountered when
instal,l in he .i rnal _tree cap.i-s renpving, flud :
21 TPERgeRR el TR RombliSRe PRt Ta b ORGP pictof ocking
passage 185 may b e used to renpve trapped fluid.
means seeufiigetge fulimghdnger withig the #easnoPbbl em bet ween t he
novi ng conponents of the internal tree cap 700. The
22.  Tbowrethodwd iclagm 120wbéreinnehdnninéhalatchtd pesitepa toyenid rof thedener
a port 708 to permt the renoval of trapped fluid
housingoig reiewith Aaop Biesf theust BEpol05 and the | ower housing
120. [007i] The internal tree cap 700 may include a
I i ted to seal on the
23 é@?@%ﬁ%?ﬁgir é?%qg%qghg&égggﬁgneck 305 (shown in
Figure,11). of the tubin anger 300 hown jn Figure
) SRR oot Peh Sed g ot S henpt hfbugh e
non-netal sealing elenents 716-719 to provide a sea
on UWRE ks or surface of the upper neck 305. The
non-netal sealing elenents nmay b e used to prevent the
h akadoushg pdaptkdctbirereive the tbvamdnd béthsebéemwusingmehdrein the upper
may b e conprised of hardened plastic. The
COMouGiHE & mevatdd withecspealtd fig 16Wvermitisig beByoehQ duinihhosition and
illustrative purposes only as various configurations
and, nRiQrdoisncompri sing sealing el enents may b e used
dependi nd on the application as would b e apparent to

one of ordina skill .in the art _having .the benefit of

£ ifta g RE B %touﬁ%ﬁ*eﬂ%wrh%lggt%l? B gy kgﬁéwen an
connected to the | ower housing. For exanple, the | ower
adapper PopEEnray ajower ppsiipietherset HtgebgivgiBrediedls weper housing in
This may permt the |ower adapter 720 to b e added
ontsaclam wiap ttleat tiad st rieg andpppld Bowmsingymoed Inysyaomsthraach etdher; and
wi thout the ability to seal on the outer dianeter of

t he upper neck of the tubing hanger. A set screw 714

may b e connected to the interface between the | ower
housi ng 120 and the | ower adapter 720 to prevent the
unwant ed unt hreadi ng of the two conponents. Various
configurations may b e used to connect and secure the

| ower adapter 720 to the | ower housingl20.

Alternatively, the | ower adapter 720 and | ower housing
120 may b e of unitary construction as would b e

appreci ated by one o f ordinary skill in the art

having the benefit of this disclosure. [0072] The

o -—~ o~ o o



710 and the | ower housing 120. The stinger 950 nmay

include a netal |lip seal 940, which creates a
woredoal13x1ee net al seal between the stinger 950 apdI/Ukz09/041413
| oner adapter 930. Figure 19 also illustrates a port

708 through the [ ower housing 120, which permts the
removal of fluid within the cavity of the |ower

housi n as the.inn hoysi n 105 ves downward to

fThEUY ?Péll’i é&c%%g pPosgfipne (96’81? apiC 8@1“8&0 ¢ BYCIOfl e, ¢ outer
enbodi nent of an internal tree cap 750 that may b e -
us esgilif latoiring beingamoydbie basyyeerhe figeé lner posgfigreanpi(n Biybowgerzposition,
cross-section o f the internal tree cap 750 that

pr evienéis afdowingvatd mewtrhema wdthet deeringisenpatilc bf pashtg@phd d@er split

with nmetal -to-netal seals provided by the poppet 710.

Se QEﬂCH 8ing loBRBAY % 1?@@[1‘[61‘76&1’[10%% tHSwppRF BNRMe hb¥isdo the landed
ea age etween the various conmponents of the interna

53R 750. In particul ar, sealing elenent 755
vents fluid | eakage between the | ower housing 120

dthe lo er .930. The i nternal ee. C
24. FH% tra%apr%tgfaama%% &aﬁ%‘} tie UpBeY R4 04 Hawpﬁhﬁwswqes § lgiching
which permt the renoval o f trapped fluid as the
profile forcegagament with 8 aynnisg wphul t aneousl y secured to the
tree spool and the seals are set preventing fluid flow
25.  The¢ augtapastadlam@dn o htfen tvheeincBp landb@pssitidigetopna offee upper
include a netal sealing elenent to prevent fluid
housing 1@@1'&@19@11@%%%% shewsd dgager 950 and | ower adapter 930
I nterface e stinger 950 nay |nclude a
26. l?é%gleerqga%gt%ﬂé ﬁgzlhlepegn g een%alp zﬂ%rettp?lgesga{e\rg%glﬁ]neo r1ug receptor
enments 916, 917 that prOV|de a bi-directional sea
posﬂwrtmélhtfseé?ww haysinet the WIEHEF PPISUECPER| COPIPBIFINEEN gyt caviy into
t ubi ng hanger as shown in Figure 22.[0083] Figures
which 28udihcifligisiny bt ecatete enbodi nent of the present
di scl osure an internal tree cap 1000 that includes a
27.  Thytrbycablf@lhavidn@irthept@hpilieing 0 s@diagPicads Posit@dncd o as to provide
plug. Figure 23 shows a cross-section view of the
an effedtf‘% QEN ‘Blethereﬁ EhLBRerl &%ldgnan]ﬁ a Ji'gérk 59 PRSI tttizI ﬁﬁema_lh[?ee cg is
Internal tree cap 1000 Inc n upper housi ng
ver sing 1030. The upper housing 1020
pomnm?ﬂ&? gmﬁpP@Cking profile 1040 that may b e adapted
to engage a running tool, such as the running tool 400
28, Thotlpe sop ofi cdpime? 77 wherphipthe Seainggnsng £PIBIISs 4 OutsT §¢ding assembly
is for illustrative purposes only and may b e adapted
located iboertga geppedrringusn mumansaatng rsss@blyi prgitioned sroasd teUbwebhousing
e appreciated by one of ordinary skill in the art

and a sdAR¥ifadsibA gle@@ Bethickn eHe dudrSedlingCdsQeblil ¢ and IR iR SEaling assembly.
housi ng 1020 includes a central bore running the

I S T :
0. SOk &%etf&%gﬁ‘?ﬁhtﬁ%sa@% SPGB M A0 i R b Ihe yppey housing
. in and | ower | at ched position, a
i such it BE30n PIRES PrsbEnpoR B0 Tg oty PEC Addseeioter.so
to receive the | ower end of the upper housing 1020
that the\pyes s¢aling gssppdyandhihe optes sabipe rsssadil ¢asrbe engagad tpippeyide the
1050, positioned around the |ower housing 1030, is
effectiviane bly ehdbddwweedrd amovampest ofpghs uppoo hpusaisg. shown i n Fi gur e
23, and a |l ower position, as shown in Figure 24. The
30.  ¥8& trbd 8 HUAm B, RirkRH céBpliigg:upper housing 1020 in
such a way that the set ring 1050 and upper housi ng
1020 nove between respective upper and | ower positions
in sync with each other as shown in Figures 23 and 24.
[0084] An outer split latch ring 1060 is positioned
around the exterior of the internal tree cap 1000. The
outer split latch ring 106686i s novabl e between an
i nner position, as shown in Figure 23, and an outer
position, as shown in Figure 24. Wile the outer split
latch ring 1060 |s in the |nner p03|t|on t he set ring
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a spring positioned between a shoul der of the
expansi on plug and a shoul der of the inner body, the

W@ ponspibei ng bi ased to nove the expansi on pl uBCT/US1008041413
upper position;a retainer ring connected to the inner
body within the central opening of the inner housing;
at | east one expansion pin, the expansion pin being
novabl e f an i nner S|tio and an outer tio :
Eh O Al ans P ancl REhtast dictateer ToiginendBslaner Bausing, the
ring |ocated between an exterior surface of the
r etinareplitlpteh ragdeingenebia katweqreniasgndsuteipositianend a second
housi ng, wherein the expansion ring retains the at
| edsiier@ositiox;padsi on pin in the inner position when the
i nner housing is in the running position; wherein when

thEcl BRELe FRHDNBY BBV ERe InBet (it | MG PRSI fhi Gfhek Q}ﬂlt latch ring is
eXpanSI on ring expands [ nt 0 an i nt er| or recess of

I n ng Kche segc?nc{' (giter d)O%ltl%X AP&EY c?(ndepflce co r\a& R é lh ﬁlger sght latch

sition, expansi on’
posltlon the first exterlor shoul es .the sp
| at™&1% iPPAY todhe $rsord inapr RRsEjon; ven t %HPR%LO%%&W ﬂﬁ lﬁ@hmg

energi zes the bul k seal against a second exterior
shawbitien, bf ladvalevivn srpabbusli axgrtmgdnwadguésspreaiid e dfiner split latch
the tree spool. 2. The internal tree cap of claiml
f urrirpe theeddyhol ding{ iité irder pasttarge, wherein the flow
passage pernits pressure equalization, flushing, or

31. THQ{r@é Ea?' ofl dMifCI0, %ere:t)h thé e t@ﬂSlﬁrIQt@h rihb €6m! ﬁ&s%fr%ﬁegitﬂyt can

inin the anded position the ppe

Qus [ h a, top end of a tree spoo
mterfacﬁ W@hcé) rﬁemoél:aﬁlﬁ gr??veé 085‘}56 St P%lilsﬁ?gl wherein th e Ion n er
housi ng being in the | anded position and split |at
32. Thegeop@nf dam He thes FOPpETRg & AURROEV IS tOE] a‘?Qé’Féhe outer
beneficial |ocking means to secure a tubing hanger in
split latelheng nlamit $powdterids of Tivanientadtreatapt r ee cap of claim 1
further conprising a | ower adapter connected to the
| ower housing.6. The internal tree cap of claimb5,
wherein the | ower adapter is adapted to provide a
col l ateral beneficial |ocking neans to secure a tubing
hanger in the tree spool. 7. The internal tree cap of
claim5 further conprising at | east one sealing
el enent connected to the | ower adapter, wherein the at
| east one sealing elenent is adapted to seal on an
exterior surface of the tubing hanger. 8. The interna
tree cap of claim5 further conprising a stinger
connected to the | ower housing and at | east one
seal ing el enment connected to the stinger, wherein the
sealing elenent is adapted to provide a seal within an
upper plug seal profile. 9. The internal tree cap of
claim8, wherein the at | east one sealing el enent
provides a bidirection seal within the upper plug sea
profile. 10. A nethod of installing an internal tree
cap in a tree spool, the nethod conprising: latching a
running tool into a locking profile in a novable inner
housi ng of an internal tree cap, wherein the inner
housi ng i s novabl e between a running position and a
| atched position; running the internal tree cap to a
tree spool with the running tool connected to a drill
string, wherein the inner housing is in the running
position; landing the internal tree cap on top of a
t ubi ng hanger connected to the tree spool; dropping a

device down the drill string, wherein the device | ands
on a novabl e piston of the running tool; increasing
the pressure within the drill string; and noving the

i nner housing of the intersal tree cap fromthe
runni ng position to the latching position, wherein the
novenent of the inner housing sinmnmultaneously

| at chest he i nternal tree cap to a Iocklng proflle of
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