SI NGLE PLURI POTENT STEM CELL CULTURE [ 0001] The

present invention relates to the field of pluripotent
we@aeshd culture and nethods to facilitate PCT/US2008/068782

pluripotent stemcell culture at industrial |evels.

BACKGROUND [ 0002] Pluripotent stemcells, such as, for

exanpl e, enbryonic stemcells have the ability to

differentiate into all adult cell types. As such,
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vitro whil e maintaining ER%I{% thrfl#ﬂ)ot ency. [0003]

Current nethods of culturing erenti ated
enbryonic stemcells require conplex culture
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cells). Additijonall ese cul ture systens na
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bl ast @&ﬁlﬁé;{scdllt%feft@nﬁnmuﬁﬁh @Mér}é@ﬂhﬁle fouhial tastmboeder
cell layer, [0005] In anagther exanple, WX0050 14799
i scl HeBeeloR ot Iadvedrn liaeh eAlirEnaty ey dpedia obtained

prolitfe ?Joh&@tcﬁf@éheﬂbélf&ﬂt@ﬂé& i} bokseato é‘{ﬂtﬁ}‘%nﬂgfbn&edtéﬁ
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trans g@nq)ggnﬁg plisd ciddagonally, these culture systems may be supplemented

with animal serum.

[0004] For example, Reubinoff er a/ (Nature Biotechnology 18: 399 - 404 (2000)) and
Thompson et al (Science 6 November 1998: Vol. 282. no. 5391, pp. 1145 —
1147) disclose the culture of embryonic stem cell lines from human

blastocysts using a mouse embryonic fibroblast feeder cell layer.

[0005] In another example, W02005014799 discloses conditioned medium for the
maintenance, proliferation and differentiation of mammalian cells.
W02005014799 state: “The culture medium produced in accordance with the
present invention is conditioned by the cell secretion activity of murine cells,
in particular, those differentiated and immortalized transgenic hepatocytes,

named MMH (Met Murine Hepatocyte).”



named MVH (Met Murine Hepatocyte)."[0006] However, the
use of xenogeneic cells, or xenogeneic cell products,

W0 pwpeases the risk that the resulting enbryonPCI/E8208/068782
cell popul ations produced by such nethods nmay be
contam nated viral and/or xeno proteins of inmunogenic
nature. [0007] Richards et al, (StemCells 2 1:
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lines cultured on adult skin fibroblast feeders Fetain
humann&ntgr yom c stemcell norphol ogy and renain
pluripotent”. [0008] US6642048 di scl oses nedi a that
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cel | es obtained fromenbryonic tissue or
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described and il lustrat ed in this disclosure.” [0009]
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ool | s anshgroy s SR S e SR MR @bl

| ong- tlﬁsﬂi’at@hﬁ\t\mhd1@élosjmw1’an enbryoni c stemcells on
feeder cell layers derived from human enbryonic stem
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embryonic tissue or differentiated from embryonic stem cells.

US20020072117 also discloses the use of the cell lines as a primary feeder cell

layer.

[0010] In another example, Wang et a/ (Stem Cells 23: 1221-1227, 2005) disclose
methods for the long-term growth of human embryonic stem cells on feeder

cell layers derived from human embryonic stem cells.

[0011] In another example, Xu et a/ (Stem Cells 22: 972-980, 2004) disclose
conditioned medium obtained from human embryonic stem cell derivatives
that have been genetically modified to over-express human telomerase reverse

transcriptase.



transcriptase.[0012] In another exanple, Stojkovic et
al (Stem Cells 2005 23: 306-3 14, 2005) disclose a
W0 e@deoc3eel | system derived fromthe spontaneoRGI/US2008/068782
differentiati on of human enbryonic stemcells. [0013]
In a further exanple, Myanoto et al (Stem Cells 22:
433- 440, 2004) disclose a source of feeder cells
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di scl ose a feeder cell |ayer from hunman postnatal
foreskin fibroblasts, [0016] An alternative cul
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cul t uggivsy sbeMundan Wit &k, enbryonic stemcells are
mai nt ai ned i n uncondi tioned serum repl acenent (SR

nedi um su pl emented with different gowth factors
100850 i g Fioggly I oy SR e 28 Parno. 005) disclose a

sel f - reagwall layE:QRhT hurhdh éﬁm&tapfbre@mmo%lasﬂs.evenstel n et

al (Sten1CBIIs 24: 568-574, 2006) discl ose nethods for

the | termcutureofiwnanewb oni¢ stemcells
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usi ng Fm ﬁc@h@&ﬁbmpe&nwntgIﬂhaﬁaﬁerah&%ﬂnﬂﬁbnmrﬂn Edlls.
exanple, US20050 148070. di sc

cul t uFPrrf‘@‘alﬁalﬁa%he@ﬁﬁ%fg/é%wB%rpéRQ%éPﬂQ%/WOH@W%BH HERiOa

Wi t hogbroB&r 1@@@}59011%&5@@@&01& 9&9 Arasatfrcd %ﬁl@lﬁ‘vé sys®hl @ .wiidhe
met hod conprising: culturing the stemcells’in a

cul t upebiyer siemcsht 4iF mapinadiy mqendigpnadgeraey rgelacement
Vit a ’méﬁdﬁ?%@kféme%d lv‘?tﬁ%ffe?é?l? gltoWﬁEt%fsrc'a&b‘fér of triggering

tran rin su Itute, at [east one insulin
|nsulmmm§9m9§wﬁuxﬁsdfh@ewdlture nedlun1essent|ally
free of mammal i an fetal serum and containing at | east
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activating a | ast rovvt factor si gna I nNg
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absence of fibroblasts or conditioned medium, using media supplemented with
bFGF.

[0018] In another example, US20050148070 discloses a method of culturing human
embryonic stem cells in defined media without serum and without fibroblast
feeder cells, the method comprising: culturing the stem cells in a culture
medium containing albumin, amino acids, vitamins, minerals, at least one
transferrin or transferrin substitute, at least one insulin or insulin substitute, the
culture medium essentially free of mammalian fetal serum and containing at
least about 100 ng/ml of a fibroblast growth factor capable of activating a
fibroblast growth factor signaling receptor, wherein the growth factor is

supplied from a source other than a fibroblast feeder layer, the medium



supplied froma source other than a fibrobl ast feeder
| ayer, the nmedi unsupporting the proliferation of stem

W@ 200090630 an undi fferenti ated state w thout feRUEDS2008/068782
cells or conditioned nmedium [0019] In another
exanpl e, US20050233446 di scl oses a defined nedi a
useful in culturing stemcells, including
undi f El%gﬁh% ﬁie%olﬁémr@; & sREd ¢ B AlundirRnEAkd Sate Without
sol ution e nedia is substantially isotonic as
conpafsdereells tigonditigned glefgmpei ng cul tured. In a given
culture, the particular nmedium conprises a base nedi um
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i ncludes a low osnotic pressure, |ow endotoxin basic
medi utn subprt jubsterftially nndzﬁ‘erﬁmwmdmn@vth of the pgmowtid stefn cells.
primatederived prinordial stemcells. The basic nedium
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cultu e;araesm&naah;l donfpoeent aérivea mival feafer £k alChsatdltm
(pref also essentially free of any ani seru
e Fr DR helRuR SnE e Pl BHAS n Ghibat Herbiad Byiry G
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f eede(p‘réféﬁ@ly%ﬁ@ cSRKHIN f¥e8 BF ary/ QN1 Séridl) arl)in thePR&Bhce of
fibroblast growth factor that is supplied from a source other than just a
fibroblast feeder layer. In a preferred form, the fibroblast feeder layer,

previously required to sustain a stem cell culture, is rendered unnecessary by

the addition of sufficient fibroblast growth factor.”

[0022] In a further example, W02005065354 discloses a defined, isotonic culture
medium that is essentially feeder-free and serum-free, comprising: a) a basal
medium; b) an amount of bFGF sufficient to support growth of substantially
undifferentiated mammalian stem cells; ¢) an amount of insulin sufficient to

support growth of substantially undifferentiated mammalian stem cells; and d)



medi um b) an amount of bFGF sufficient to support

grow h of substantially undifferentiated manmal i an
we@aeshd s; c) an anmount of insulin suffici entCT/US2008/068782

support growm h of substantially undifferentiated

manmal i an stem cells; and d)an anmount of ascorbic acid

sufficient to support growh of substantially
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anot her exanpl e, WX005086845 di scl oses a net hod %lor
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nmet hod conprising exposing a stemcell to a merrber of
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undi fferentiated state Tor a sufficient anpunt of
t o achicewer o thtefdirotdabt growth factof (02 FanEhyufyori¢iss, ot em
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drug screen cult
human uﬁﬁfﬁeﬂltiatdm sta%for 8 sxp‘ﬁmhlteametlmtcof an tgpachivel esles1red
subst antll al challenges. A possible solution to these
chal | & %és is to passage and cul ture the human
enbryonic stemcells as single cells. Single cells are
(0024 e &mbr@bicetehocedt prodale d pbicstal ecsowte for eestaadimidgoes,
IS:JEQ g‘cff%f&%%]r AE r né;nt g%? (s?cl'él?t Iuﬂgll’lré%oﬁllufc’nfae%g ICglIPhn and the
net hodrobkernam ﬂdgﬁo\n@esanbjstmﬂaﬁdlanesh &Qpct‘sablle Sblluf]ﬁstoft]lidsm
si ngl s.that have en | solated by . .
71 Lor QuIEHER 40 Prote ag¢ EaRTe E Pu i someribg g
genet talsmsitigfel cead are ﬁloha/arﬂl@nmb W srtaiﬂame@mrcahur&eemi@ﬁsj s
and DeV%| opmsn 16( 1%%}1109 . [0026] In

anot h&eh @xdifiam %Fan& e &4t ﬁh 2005 158852
di scl oses a net hod "for i mproving grow h and survi val

[0005] Si ARG @aﬂﬁpﬂmamlcelabézmpﬂo@ids herated forprodusmgmd Bgdnding hES

i ncl ud st ep. of _obt ai ni a single )
undi £ Ffikr Framone Cp e Pt gD Syqgpeence activated
undi f tar se)ntﬂgqmdsp@hlbwwgtgbne@e nfdificagal Byubdivird®idctots.
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growth environnent”. [0027] In another exanple, Sidhu,
[00B§ et IpdnofhSt &ampR! US phlent. apglifaforeR2005944852 @ikcl9seh a method

“for improving growth and survival of single human embryonic stem cells.
The method includes the step of obtaining a single undifferentiated HES cell;
mixing the single undifferentiated cell with an extracellular matrix (ECM) to
encompass the cell; and inoculating the mixture onto feeder cells with a

nutrient medium in a growth environment”.

[0027] In another example, Sidhu, KS ef a/ (Stem Cells Dev. 2006 Feb;15(1):61-9.)
‘describe the first report of three human embryonic stem cell (hESC) clones,
hES 3.1, 3.2 and 3.3, that derived from the parent line hES3 by sorting of
single-cell preparations by flow cytometry. The viability of single-cell

preparations before and after cell sorting remained >98%".



"describe the first report of three human enbryonic
stemcell (hESC) clones, hES 3.1, 3.2 and 3.3, that
wa@lerppedd rom t he parent |ine hES3 by sorting BET/US2008/068782
single-cell preparations by flow cytonmetry. The
viability of single-cell preparations before and after
cell sorting remained >98% .[ 0028] However, passage
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sone Eear ﬂ534'E‘%$ﬁP§§%$ g gi ven that our methods

are dlstlnctly different fromthose used by nost other
[00g9]loupn anpihei example, Rezzpess al stateueerhaFSode kyes deteeted ome

days p&’rgétg%esghagéese%ﬁgt | RcdidlR Iﬁéﬁl Yl ntd’} ﬁab?h%%gﬁlgfof a

br oken enzym c or en1ca
cel | Uéasingon atr resultargaven tico pmm@h@d arerrhsﬁlntiﬂﬂ & fiamenthiomn

Ve s pﬁl%yxjt aLe b}t/ Hl%%t otd{(y roy t;l%éi%a T 1'e %Ji‘{lsga %%}1 ﬁg cells after 7

cytogeneti ¢ resilienc

(Nat BayetbedimdlssecBiDdhe ,éqﬂbnﬁ@(ﬂzﬂ)he 38dc-ifa tm(hkteh pipette pNy)
382). [0031 anot her. exanpl.e, . ova MM et al

st at ot nenshEu Rl ST Saciio Bre BT ered Bl s
aneuphethdd.celel spgapitd thiti thin sagkk@ain e)etrelad\&dcym@slsemg €esklience
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karyoteppem2).. .it may be possible to maintain a nornal
karyotype in hES cell s under Iong t erm manual

00802y e Gl MiaRe S TR hlbeireisiety
of hEferpelidtsatchploidoan papulARes Hpe cxeidro Psssag! i betur€ B0t
provi d%;/ be usNg for shorter periods (up to at least 15 passages) without
compromising the karyotypes...it may be possible to maintain a normal
karyotype in hES cells under long-term manual propagation conditions
followed by limited bulk passaging in experiments requiring greater quantities

of hES cells than manual passage methods, alone, can provide”. (Nat

Biotechnol. 2005 Jan;23(1):19-20).

[0032] In another example, Heng BC et a/ state “the results demonstrated that the
second protocol (trypsinization with gentle pipetting) is much less detrimental
to cellular viability than is the first protocol (collagenase treatment with
scratching). This in turn translated to higher freeze-thaw survival rates”.

(Biotechnology and Applied Biochemistry (2007), 47(1), 33-37).



Bi ot echnol . 2005 Jan; 23(1):19-20). [0032] In another
exanple, Heng BC et al state "the results denonstrated
W@ b@/00d389 second protocol (trypsinization w thPQENS$1088/068782

pi petting) is nuch I ess detrinmental to cellular
viability than is the first protocol (collagenase
treatnment with scratching). This in turn translated to
[00B3jghery Jr{oﬁﬁz&ah@ﬁe\m&s}é%wml et mtﬁé “wehBlOdspehNRl apyc and
Appl i ed Biochem stry (2007 é& 33- 37 [0033] In
anot habligsepisraat o Hﬁ@é@éﬁz@e\swa@ esgtegiseex lb%énghareléatmg
est abEfﬁ%féﬁ& Jﬁﬁ%go %igﬂl c'ldﬁﬁ% éff?(!l&fb? Bhd {%)F] ﬁlgﬁqpaln?ﬁl@lr ability to

di ssoci ati on. These cells exhib atin

ef fi cliisroptiztpintaths ghred mméay@m”r{éteef €¢lk§4 %S]Qé Peaﬁéig@h%@%
mai nt ty to differentiate into the three
germ ?%33 w%d&%ﬂirﬁ)cm | s. 2006 Dec; 24(12):2649- 60.
Epub 2006 Aug 24) SUMMARY [0034] The pr esent

i nvention provi des net hodsSYMMARY mai nt enance,

passage and differentiation of pluripotent stemcells

(008t MRYERaERVERLE BRSMcAMmeMbMALENE FlaliPendSdcNShs QIR S -
I'n particular, the present invention provides nethods

for tHidferpaisfionvhnluapotaristears!iamdt kaive beanapleasad porngdg cells
pluri QQﬁ§Q¥zy§155e Th %glltlklﬁalt ﬁ‘l@tprc%éh\f ?nv@ﬁt% ﬂr@J1@é§§1?e%oﬂ§ for the

single cells wth no subsequent |oss in pluripotency,
and nmaglénnnm@fpa@wg@mds@ff@mntaabmphtﬁllﬂlnqt@gstel[n@@l@a]latlhnve

one ¢ qél E' s e RAIERER Lo ﬁb\é@ tehtqgss% Ylf St and no
PEHEREY gs ke QUL

met ho Iating p uripotent s
conprganngdnmem@mehmnmmwha% Cul turing plurlpotent st em
cells as clusters, b) Releasing the pluripotent stem

[00§ﬁ| | SII?&le%hﬂghlﬁleﬁte{h:e%res&)t nﬁjeﬁ'ﬁdngﬂo%gl% a%é:ﬂgddef

uripotent stemcell's on a tissue culture substrate,
and d)lifferepfigmgmivrgpicniptenheclls gdonprisind 686jeps of: one
enbodi ment, the present invention provides a nethod

for nmi n a@gﬂﬁg§giuﬁbbt@ﬁtsf‘emceﬁ§ Ll s, conprising the

steps of: Ining pluripotent stemcells, b)

Rel easing the pluripotent stemcells as S|ngle cells,
and b) Releasing the pluripotent stem cells as single cells,

c) Plating the single pluripotent stem cells on a tissue culture substrate,

and
d) Differentiating the cells.

[0036] In one embodiment, the present invention provides a method for maintaining

pluripotent stem cells, comprising the steps of:
a) Obtaining pluripotent stem cells,
b) Releasing the pluripotent stem cells as single cells, and
c) Plating the single pluripotent stem cells on a tissue culture substrate.

[0037] In one embodiment, the present invention provides a method for passaging

pluripotent stem cells, comprising the steps of:



c) Plating the single pluripotent stemcells on a
tissue culture substrate. [0037] In one enbodi nent,

WO b@poessent i nvention provides a nethod for pRCSHH§I008/068782
pluripotent stemcells, conprising the steps of:a)
otai ning clusters of pluripotent stemcells, b)

Rel easing the pluripotent stemcells as single cells,
c) Pl atigngopbi@insicn@led dpHiippRhcidm &igm cel s on a
tissue culture substrate, d) Allow ng the single
pluripotent stemcells to expand, e) Rel easing the
singl e P uRsIpSEAte Ryt ,Celg?r?a S%iglf Bl i ng the
single pluripotent stemcells on a new tissue culture
subst r atcg. P1RRIgte HESCRURTOEN s cEHEDRMALNGTufQB8Hate,
Figure 1 : An image at 4x enl argenent of HIccp33 human

ES cell s, grewn on 1:30 reduce row h factor
R cedl oor e DesingB ARSI b b050) Fi gure
2 . Percentage of cells expressing CXCR4 after
di f f er end i Btleaymgtthesatghepitripatend eteingellgledd ni ti ve
endoderm Dark grey: An average of six DE
differenti@gti - ' j - (HI
cc) bet upenraanESRaE ERRLG kit of Fhiy FbEbaR: O
two DE di ffubsteutet i ati on experinments with H single
cells (H sc) at passage 47 and 54. White: An average
of five DE di f gRiRDREPTS i;lﬁﬂgﬁRng cell
clusters (HO cc%ﬁ’oet V\Ego{edn paségggs 37 an 5{51\.1@% ght
grey: An average of three DE differentiation

[00a8Iher Figpe b M 1Rageat 4x eidarecret pSHYqqp3 ShumaydiS gslngrown on
passagas 3R c@NHo iR fadib A TRASISL MERVAFEn bR Shanear d
deviation of replicate experinents. [0040] Figure 3 :
Anal ysi s of Rene expression by real -tinme PCR after

[008%pos fteare & Hucastasy vf erdly sxsessinp & XSdcr eadiflercaiiver i ne
di f f epenthbatd QFiRUBEAGR! endfierfl® DAHNGLE &£h{cPa@R8sie B
clusters at passage 37 were anal yzed.” B. Conti nuation
of H disgrentigitpnia@pparntserith 1] eadlcdysteraihl os) brjiveenaasagestdd
t he p i G. . . exnr 1 2
days TH a4 RGO b FERC TR Hihan
mar keriggle oellsyhi neat pahsage 4l andvers Waite:t 4n avevage wéfivf DBne

for e . i e ; ' '

T T
gr own am:c_hS 51: Bightr greju cad agragapohithfead o di fivianfRitiGR K eanjnents with
MEFC Oplgls}nlgﬁer%%ﬁis (H9 sc) between passages 36 and 48. Error bars represent the

standard deviation of replicate experiments.

[0040] Figure 3: Analysis of gene expression by real-time PCR after exposure to 14
or 17 days of the pancreatic endocrine differentiation protocol. A. H9 single
cells and cell clusters at passage 37 were analyzed. B. Continuation of H1
p47 and H9 p37 cell clusters and single cells to the pancreatic endoderm stage.
Pdx1 expression after days 14 and 17. Gene expression for the indicated

markers for untreated cells was set to a value of one for each data set.



medi um [0042] Figure 5 : Evaluation by FACS for

pl uri potency marker expression of hES cells. The
weereenisage of cells positive for indicated naPKEDS2008068782

listed on the Xaxis. [0043] Figure 6 : Chronosonal

spread of HO hES single cells at passaged 38 tines as

clusters followed by 20 passages as single cells

[006 P04 4 Fighk OMr Rn Tmage GOMRI b PerProdiifend b 8p & unfan #3ingle
cell clusters during definitive endoderm

di f f efdliera &hl:30msdugsd geavih fgor MATRIGEL "B ssMEfve for

CXCRA . bsiitshomeafit,er the cells are exposed to the

definitive endodermdifferentiation protocol. N=2 for

HOsc-p and_N=5 for H9cc. Error bars represent standard
[004 2y i ag}g&ﬁe SfEvehatiopdynF 4% for epripetancy reatkes cxpratttog of hES

[ 0045Lcifi GHE Fer&entagt BEEBRB&KithVA RAAGERES kSR RALRIIDn the X-

makers after H9 single cells (passage 22) are

di ffePEhti ated. Anal ysis of gene expression by

real-time PCRis shown after 11, 14 or 17 days of
[00@%” Cr €Riuk£6:CORQRI0 Ml GhrEdSre vt S diife coM@ bﬂiﬁ%ag&f 35aaYS

14 and 17 are an average of two wells froma 6 well

pl at e2] Owuwsy fotlpyed by 2 pasyes asisiiglecclel | s can be

differentiated on MEFs. FACS results fromH scp4 cells

[008410WN FRArMEFCERBHRES o BNdsiAIE Eakand Eéﬁ&@tér@dﬁﬁl%idefé%ﬁ%e

endoderm The definitive endoderm narker CXCR )
184) prdodsipy Eiffergptigtiqn.gbog pereeptige eferellspasiive fir (@9 Rhis

undi f {ierenicphedelgald e%ﬁgs%@%‘o fhi QHBivend b2 Al frFinGbi R
10: hES single cells (H9scpl 8) can be differentiated

i n 96Dp¥kdcpl fNGT2niat HP@-MWiNﬁStfva%n@@@ebm represent stal_ldard
.'mmnﬁédié&h%%ﬁé%ﬁ F&E%&QE egamnz Qositive detection
t \I\IE‘11 S e lé

is shown. Eig re treated with

MEF-condi ti oned nedium for the duration of the

[00dSIper Figane 8: IvErsprdhaacregticaodgen makgps plertledngdeicalls t h
the b b4 f Latkon k; i Nt S:
o coﬁn%?;%ag%%li%lafiﬁ?%*%%%%- SRR e s pR Ty AR e pr
aver agetowoattasddhl 4dutla dawsrof pancrestiapndofrinpQlifigseinttionr e

each %fg@% fg,? d%&g&? agxla 1 P& a&%g %f {mgLstf%rm 28 q/ell late

aver age ta set error ars represent

the standard deviation for each replicate set.[0048]
[008$]gur Eigure 9:PhEY riadopils cen kedifenshtigedint MERES AG highwdts from

cells t f . : - |

ol et TR s ES e and U ERARAL TR BB UB dderm.

subst Thededinftore epipdgan inarkeh@XGB#H (G134 é& exprterdd im§9% of the

diff eggﬂt\/iegﬁg $*% in undifferentiated cells (see figure 5).

[0047] Figure 10: hES single cells (H9scp18) can be differentiated in 96 well format
to definitive endoderm. Immunofluorescence data for Sox17 positive
detection is shown. Eight wells were treated with MEF-conditioned medium
for the duration of the experiment: MEF media. Eight wells were treated with
the basal differentiation medium without components: no compd. Replicate
data sets of eight wells were averaged for each data bar. A total of 40 wells
were each treated with Wnt3a or Gsk3b inhibitor and averaged for each data

set. The error bars represent the standard deviation for each replicate set.



protocol. Three effective conmpounds are shown. The

data sets represent an average of Sox 17 positive
W@0008063m two or nmore wells. Cells treated w tPCT/US2008/068782

MEFcondi ti oned nedi um or basal nedi um were used as

negati ve controls [0049] Figure 12: Eval uation of

transfection efficiency between HOp33 hES cel

[0088]USt €, r@m mam&c%plfo% é&een@wlﬁﬁﬁsmletdeﬁ gﬁ%bﬁ;j. A

into cells using Li pof ect am ne 20
(1 nvi ttBGER e@avm@gglafalaﬂ aRfecalsgompendp versitetad faptheia,
bl ack ,@pg 9 Elﬁ%m‘af%ff@r Wﬁt‘%@ %‘Ptthb \ﬂ@ﬂh}{mve[e%‘é}&i%lm ’E{ifﬁ:%n%aéé’n

Phase M ¢rographs grown on MeFs and
t hen p@isalgébiree efmeﬁ@LO(utldﬁ) ar%@lozvymu dbe ﬂ@a gats repigfngan

cells ?EE%E%?Q&I%Z? %\(Jﬂ ety ﬁletL’Vlo% RA%SAIRA b flsot%a't\éc:ﬁﬁﬁl\gEF—

MATRI agenase orm di screte
pack edomglgloned msdiwintoh b@@heedlmos@re(mf:d svegitivatcedradel | s.
H hES Cells passed once with Accutase(tm or

[001§]VPLF§;§JPQ 1 om fi @fq%aﬂyf@aloﬁtékﬁc&gn@y w%twem&ds%ﬁs ki

pac er enti ated 51] Figure :
H hESusteds Iasd spa@s afljlsd CHUV-e P was trond@aTdRl 1ﬁﬁl§élﬂmsmfgre¢g1nt ul

MEFS as single . s spont aneous| ifferenti

pancl LRoeefidiso0Bh R EBeSs COMRME ¥ afind Shghidtt Reova,
popul Blatloshdaddyebard epep@eBages Wi th Accutase(tm from
I\/EFs to MATRI GEL(tm) . Panel B: Expression of narkers

10080, ” BB LE e Wit 25 bR et R aa R ©
VTR GEL{& )0 MRAMELEC™ RhaserMrsioBioamnPaghst7 RESES

cells after t passages W th Accut (tm fr
Lo Mt Gy T EREAY LEABREEEY By AN piBbpe g drcree,

cl ari tiyhtBfpabltcd €bRAME Rith 8Fe RBSe di»ﬁfermwte@fcellw Mt igtd Oflis
the detailed descrlptlon of the invention is divided

i nto PHECkBIE Bith AgewWisseet ot Ham yespelpse cypure with

1T ushsat® oPﬁéﬂtl@'p@clfc@%‘fb‘%&ﬁate@@&gd' ments or
appl i cations of "the present invention.Definiti ons

% % Stemcells are undifferenti ated cel Ing def
[0081] ¢ hEigureht: |ﬂ%9E%9elkSﬁé%S§geﬁgrréctkyéP MARIGELLS fl@@tMEFS as

sel f - ﬁlﬁg@%m oﬁaﬁe&%ﬁﬁmﬁb@h&@ PREIOFUTE: REQEIRBY ofcRIl S,
i ncluding selt-renewi ng progenitors, non-renew ng

pr ogefintagying indpopalefrmadier (wo passages with Accutase™ from MEFs to
MATRIGEL™., Panel B: Expression of markers of pluripotency and

differentiation in hES cells after two passages with Accutase™ from MEFs to
MATRIGEL™., Panel C: Phase Micrographs of H1 hES cells after two
passages with Accutase™ from MEFs to MATRIGEL™,

DETAILED DESCRIPTION

[0052] For clarity of disclosure, and not by way of limitation, the detailed description
of the invention is divided into the following subsections that describe or
illustrate certain features, embodiments or applications of the present

invention.

10



differentiated cells. Stemcells are al so
characterized by their ability to differentiate in

W@ 2ap0063p¢ o functional cells of various cell |PCEH®E8/068782
frommultiple germlayers (endoderm nesoderm and
ectodern), as well as to give rise to tissues of
multiple germlayers follow ng transplantation and to
contribute substantially t @effRifonsi f Not all, tissues
following injection into bl astocysts. [0054] Stem
cells are classified by their deyel opnment.al potentia

[003&]: (P <stls HEUBHETCroRktst Cﬁﬁs dgfingd %&ﬁifﬁgﬁlﬁ’i% CtEe qeh
enbry eRbiGo 86 s@Xtdha@ R NidlicatifEld prédiRe rogéd)cells, including
pl uripotent, nmeaning able to give rise to all,
enbr y S ENeENE PROGHRETS. payTeRgiving preghtors. Arkfineelbl e to
gi ve GifRRnliflePcBUPSRI Lfis £8hko LRRATESI byPMEir Milityb t hi N
a particular tissue, organ, or physiologi cal syStem

(for eigreplige imdfiaingpbnetiqnel etleph aappsscell ligeagechipm multiple
pr odu ' NS, . d
O R A R

t ypestissnes @inarteme gerindaygrs fopdwing transplantatioit aralrte corgrilprad

: b C i . : '
abl o TRl B RGN ikl B0 RPRIR Ly IR
i neages than nultipotent stemcells; and (5)

[0064li pobtentcellppranlaprgficaldiyahaindayrlppmental@otentiad agi(highepaiet,|
| | : i : .
I n eagl%ariﬁgagﬂe to g‘?\%er{sggc; ag?%fé%rg%tﬁiém \Ae%:ﬁ'%%wn'ﬁ%%on[wo&%ﬁ;'pes, (2)

Dfferentiationis t

uns pepiugpotergdn¢dningedlertd givedisy togll cbswngmelivaks: 28d cel |
acquil LGs; H%St, Ll%%iH%a‘%?e Bl 2RESL Sl'b's?%%%’ce%]‘%'n'ea SUGH: 85

f or exam53 €, ’a nerve celFVor-a miscl e cel "2k

di f f ewéthiniagtag@tular tidudé, foegaendripaydidogiced wyseoh (fel dxamplepne

o ¢ PO EA ACHET THEaga: Betu=aayiens FREMLEHSC et

" conmidntwal), blosh eall appicice dligapoicheprpgdites andill cell types and
differentiation, refers to a cell that S proceeded
in t hEIEPTY ?ewﬂl‘ft%\lﬁt?bthatﬁé‘i HRRES B PAEE Oﬁt?h%ﬁ%ng,(ihnder
nor mabligipb@hTmeaneeble fotgivdrlsk tCOMbieRErridt@l subset of cell
differentiate into ecific cell type or subset of

cel | PW&%*,th%{HBHIEB?T%BtSSEW%@n%@HB‘IPO‘@P% RgHRabels give

di ff erignblaali@id 3l fn@iedd ¢ €5 RRhat6&nlc karPIRy. revert to
a less di ffé%enti ate§ E:e%l type.géDe-di ffer{enti ation
refers.to the process by which a cel| reverts to

[00F3ls s DHfEesipiiorl thedrocesvhy highsn pyersetiss! (V\}ilI{Cﬂli‘nHlltte%") or

t hel i peageciRized cOPAduirdAIhdefdreR 8f £iRcialiRNE cbil ARAGE f@f a
cell defines the heredity of the cell, i.

ol | scramikanBens el eiruaclbeh Hirentiass ogiFerepiigent o

The  induced cell is one that has taken on a more specialized ("committed")
position within the lineage of a cell. The term “committed”, when applied to
the process of differentiation, refers to a cell that has proceeded in the
differentiation pathway to a point where, under normal circumstances, it will
continue to differentiate into a specific cell type or subset of cell types, and
cannot, under normal circumstances, differentiate into a different cell type or
revert to a less differentiated cell type. De-differentiation refers to the process

by which a cell reverts to a less specialized (or committed) position within the
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i neage of a cell places the cell within a hereditary
schene of devel opnent and differentiation. A

wo pveagsspeci fic marker refers to a charact er PGI/US2008/068782
specifically associated with the phenotype of cells of
a lineage of interest and can be used to assess the
differentiation of an uncommtted cell to the |ineage

of i NYiffa8Sbf a deMOSK] usVRRLOMSthE BAdIBe & £eel U edRRRNH BE
cells in culture. "Mintenance" refers generally to

cel | sthsicalbdg- vhich cglisgikamerfen e Wird eslls dioiaaictve sl tor Hie
facil jEabeofeded p%c@é"ﬁlg c@NGHIAA ‘ﬂér%!hﬁt'r?gbheﬂlg 6t deQ@lX]Ioﬁént and

may not result in a larger population of the cells.
" Pas s digicragtiatioaf dylencpge-tphefip matesrefass tomeahmwnrgetlp lyecifically

cell Sésf %@Qﬁh ﬁllél éfo?y §§ §eqfs ofh] Hn&%@gf 1H%re% H]ch bused

secon ure ve ‘ conditions t acl |tate
cel | traovwhthaddfeomtiafion fiapnncop@iBy] cell tg edinfdge of interest.
popul ation of cells, or a cell line, is sonetines

[OOE@]f er V%I%Js%rﬁfs lée{].@é@t%%%&'n%@ Q(TIQXn Elﬁﬁren um%{terﬁflfet”irg@ﬁ it

as been passag FQI‘ exa a cul tured .
popula@waﬁyﬁMGﬂBhh@mbeemﬂpahgag@ﬁnn@mwmmwggmﬁhyfhdHMG

ir e];ef‘ E?ﬁ%rg\?}h?aéfl/%r E I\f?loﬁutlh tqfasfoovrmﬁr%lg nB{1 'réml[i ltﬂl'gtgﬁgog)]plation

cuI ure |so
cel | softhomllsi SRBasmgings rddes toglhap@desﬁ’ﬁ reﬁmkfing\memglli fiem one
first re, .t he

cecontl g Lt bitotalfe GFh 5 Sl SREIHARE Map@onsian,
subcuﬂhuﬁahmkh&ﬂg&hhﬁamﬂmoﬁﬁmantert|ary culture (P2 or

passage 2), and so on. It wll be understood by those
Ki . ma i
00885 A o 001 oL e R R 3

t he nulminmerméd lgoqhel hahlnem nf daobit hasgeeopassaged| Eareganyse, a

greater, than the unber. The ansi f

el s gt prE RERREF e bTERbieats B THBERRY Rpefered oo

]g uri ngpt (blaﬂﬁmal‘ iTod pbgfamﬂulﬁflﬁés apd figt dﬁpﬁl’fdﬂovﬂﬂg thany
actors ut not Lim o the

densi 5yl l%%tlsffﬁ%ggn URE T ﬂ‘?“%‘?%@f ﬁ %%q?d‘i“f% &St ﬂﬁ’&“lmre

t i me betwhae ﬂ’@&lﬂﬂ:@laﬂ.secbﬁlﬁ%&ulmﬂiﬂ oPpassage 1). After the
"al pha-fetoprotein protein" as used herein, refers to
an anﬁqcﬁ%s“g?lémf‘eé@ cgls hopeme,p eatiary pulfure /R ofBAFEASSE BivdRd SO

AFP gy Rkﬁl@b@ﬁld@?ﬁ%@%? Afdsd O KL ih RPN HRMMEe may be many
cells. [0059] "b-cell lineage" refer to cells wth

posi t Polajien dowblipesediging thefnsriod piepasseaingctherpioredhe pyples of
PDX- | h@hhtidh db@Asks GQuffire iNGedt@thAWhhsidcRASHEd PTHhON

expansion of cells (i.e., the number of population doublings) during the period
between passaging depends on many factors, including but not limited to the
seeding density, substrate, medium, growth conditions, and time between

passaging.

[0058] “AFP” or “alpha-fetoprotein protein” as used herein, refers to an antigen
produced at the onset of liver development. AFP may also be expressed in

extracmbryonic cells.
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factors: NGN-3, Nkx2.2, Nkx.l, NeuroD, Isl-1, HNF-3
beta, MAFA, Pax4, and Pax6. Cells expressing nmarkers
w@b@oaedseyi stic of the b cell |ineage include PCTEL1088/068782
[0060] "Brachyury", as used herein, is a T-box gene
famly nmenber. It is the narker for primtive streak
and mesodermcells. [0061] "Cells expressing narkers
[00§§]ar ac[g 8l 1%h§e" dfer %el@evfu'tl{‘;&o%in‘é@ g&ﬁ@?ﬂ%é'smn' fhgage” as
herein refer to cells expressing at |east one of
t h e f trhiisouptivg fenteriPe’s ] aBON-1da7t On@Afﬁﬁzf,leP«‘INFg Banisenipgion

prot el et S LA el SRR

17, CGAoldRaap. CGRApre€Hng markéiﬁ)ﬁma,racnﬂ‘rlsﬁﬁ' o2he Betll Bneage include
expressi ng markers characteristic of the definitive
endod€&Ff™ i neage include prinitive streak precursor
cells, primtive streak cells, nesendodermcells and
[OOg@]f [ ni‘]BIiaM?/uQn Q@dﬁé(ﬂheﬁﬁh liSa T[%Q@Bﬂedfégﬁ% Qi'emﬁSr. usie the n_larllf]er
erein refers to. t ei n _encode the gene wt
the alttoEEisR K rf%m gosdlh. [0063] Yool I s
expressi ng markers characteristic of the pancreatic
[00endodeC¢tislekprea e makerudachctrasid df tlliee(feﬁhltﬁve et lineage”

expressin | east e of the [ | owi

PDX- | 2 ‘Hﬁﬁgh?r%f or tPﬁ??—lpsl CXBIEHIE 2 1HRE-08° Og‘?‘ E@r@wu@mrgers
expr esexny, GarTieen Seh3aa @SC StdrC, Nfdall REFP aIedhe adyl Bfix-
endodern1llneage i ncl ude ﬁgncreatlc endoderm cel [ s.

[ 0064 ike kemaoboseprgicts EHR ChdPicomssedrania (E@MES) RSt t he

paan?@Flﬁ(EQMQ%VCKéRhNﬂ§ﬁ9€D9@$m@ﬁ§Q kRNetprdseih€ maki@rs
cell s expressin east one of the fO||0MAng

mar kefly raCF@GRP%Of%Ne@ﬁﬁéwVe prjoderm Kneagiypclpde koxg vq streak
Pax- 4 reNQEbr%ellsof)rn%TfEfe Ler@ak RO, mgﬁblnhcﬁieﬁff Qélﬁ%ﬁﬂ BskinRcker s
charabteristic of the pancreatic endocrine Iineage
i ncl ueelodercecBat i ¢ endocrine cells, pancreatic hornone
expressing cells, and pancreatic hornDne secreting

(0068 | s:cposh a%%kédsne%ﬁn feh&s B-teEhbteln e'ﬂ@&ﬂ@ b % he wigkER4"

as used herein refers to the stronal erived
f act opccgssiogmpmpyr NMc@BPtdd., al so knomn as "LESTR' or
"fusin". In the gastrulating nouse enbryo, CXCR4 is

[008XP" €88&H ckptedshi HiRkdrNéHal MR QRAFUR! pihaRHiCNREQIEH Mhdyt”
as used herein refer to cells expressing at least one of the following markers:
PDX-1, HNF-1beta, PTF-1 alpha, HNF-6, or HB9. Cells expressing markers
characteristic of the pancreatic endoderm lineage include pancreatic endoderm

cells.

[0064] “Cells expressing markers characteristic of the pancreatic endocrine lineage”
as used herein refer to cells expressing at least one of the following markers:
NGN-3, NeuroD, Islet-1, PDX-1, NKX6.1, Pax-4, Ngn-3, or PTF-1 alpha.
Cells expressing markers characteristic of the pancreatic endocrine lineage
include pancreatic endocrine cells, pancreatic hormone expressing cells, and

pancreatic hormone secreting cells, and cells of the B-cell lineage.
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not in extraenbryonic endoderm [0066] "Definitive

endodernt as used herein refers to cells which bear
w0 b@oasact eri stics of cells arising from theP@pURi0as068782

during gastrul ati on and which formthe

gastrointestinal tract and its derivatives. Definitive

endoderm cells express the foll ow ng nmarkers: CXCR4,
[oobkiF 3«ORtR4” .%E@a HoreiPerd (o thEQERRN BSI1-dPTER fac@P 23S0

-Kit, CD99, and Mxl1. [0067] "Extraenbryonic

endod&cworaglsqﬂs@wnrﬁé ‘BER R epreifusin’o Iythe gptiukating moste

cell Seﬁﬁl@B%ﬁCﬁgm%{ Je%@éﬁn tﬁ@@efﬁﬁh%@ﬁd&a@%ﬁ%rﬂ&oderm but

markers: “SOX- 7, AFP. and SPARC. [0068] "GATA-4" and

" GATALG"n a*t@emb%élwndﬂdeltrme GATA transcrl ption fact or

famly. This famly of transcription factors is
[006&1dUC efe AYtivEGRdRcih IRl ENBRAL GRS dcRYTVRRH bertie

mai nt enance of early endoderm markers. [0069]

" GLUTclpractesistiqyoé gel @iging fromghagpiblesy dering gghtpdasiva and which

L1 anspRRLR! o ARLRCU Gl R85 d 1% a%%i%%éé %@ﬁhﬂv@éﬂ&%&éﬂﬁ%eﬂs

fetal and adult tissues, 1ncluding pancreas, |iver,

i Nt estipmess th@rfalilcrwmamdrkkxsd RECRA, H@T@ﬁ betGEUERE 4] HOX A,

" GSC' (- f domai n

transcrl Bliﬁ?ﬁr)?%&g%gr&oé?ﬁr%%’zceﬁ rn g;%gor sal lip of

the bl astopore. [0071] "Islet-1" or "Isl-1" as used
[00hEr ei HEjteembryent endagerm’trs ubddVicrramisédoivai nephlatn of colfs

trans S h

devel SoBghBa ALY st 0l g FARRSSOR A Arp g seaRe.

transcri fgtl on factor expressed in the Tpancr eas, and

[0068Int r 5PA TAKK aad frAd & Graromegberef tha (i TVetrnserintian fcton
bi os Si 3 " Mar
per of IR hisRP SFERI o IR Bl tE IR E B ialiRfiRu

ar e dcdéifieruentto delnypirxpnesgedly endadaml tharkdrs.i nterest. I n
this context, differential expression nmeans an
L&cre I I

0T SaBEE el L1 OB HE TR O A EG CARRC
t he nexpiassednu mhmamua&taﬁa@radpb Itlyspemtncdﬂmgg)awéa‘s; lmeent 'y

hi ghe{nte%{m gram ald. 1Elhe cells of interest conpared
t oot h&YdE tHat the cell of interest can be

identified and d| stl ngui shed from ot her cells using
[0036ly of Geosvand et YyGEE” aetshd bgciknpiars tor homeodntain fr@Q@F#jion
\esepdad el MLEE h AR UPRFNRLfhdofgl €7 Lo a cell
expr essing at 1e one ot OW ng markers:

CD48, eonesoderm n (EOVES), SOX- 17 DKK4,
[0071] “Islet-1 or “Isl-1” as used herein is a member of the LIM/homeodomain

family of transcription factors, and is expressed in the developing pancreas.

[0072] “MafA” as used herein is a transcription factor expressed in the pancreas, and

controls the expression of genes involved in insulin biosynthesis and secretion.

[0073] "Markers" as used herein, are nucleic acid or polypeptide molecules that are
differentially expressed in a cell of interest. In this context, differential
expression means an increased level for a positive marker and a decreased
level for a negative marker. The detectable level of the marker nucleic acid or

polypeptide is sufficiently higher or lower in the cells of interest compared to
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HNF- 3 beta, GSC, FGF 17, GATA-6. [0075] "Nodal" as

used herein, is a nenber of the TGF beta superfamly
w@Roopoai3ed ns. [0076] "COct-4" is a nenber of thBCT/US2008/068782

POU- domai n transcription factor and is w dely regarded

as a hallmark of pluripotent stemcells. The

rel ationship of Cct-4 to pluripotent stemcells is

i ndi cathectehy shéhsthattltmuelnsfrne&&sr EtRAISNREESRI Mtink@shed
undi fferentiated pluripotent stemcells. Upon

di f f effertother FAls upipe aBhefta \@ripty 9é Bgligds lflwevné&ﬁ\eégtsr on of
Cct-4 disappears rapidly. [0077] "Pancreatic endocrine

[00¢4] | " “OHesenBREH 8& 128 uitAMERNErc XN Q%N BEpr&Sink at 105t biast
her ei n refers to a cell capabl e of ex]ﬁ[ essi ng at | east

one ofheiplioving maRkFivg CRGP rmesodermig (FPMESy S@ad o PKK4,

somat o bdta, GHI FERIEIREA 6. POl ypepti de. [0078]
"Pancreatic hormone secreting cell" as used herein

refers to a cel|] capable of secretrng at | east one of
[0078e  oN P %Q‘SWF%% a2 mpgRgy|of ghe Té? Qeé?g%lﬁerfamﬂy of proteins.
somat ostatin, and pancreatic pol ypeptide. [0079]

[0076]aX - 4)ctarrds & Mavmb& of @ Pl(l}Uidoﬂﬁﬁﬁ @hfkcAptRONTANET DAk Widbly
cell specific transcrjptjon factors t hat

i | Eaede fvp UM B SR YBGH T Clefpxip of Qg4 to

used Bﬁhﬁd)téht IsRhedefs 1sOn Bt A Al %@Hﬂlﬁreﬁthé‘t@& Gipr&s%ﬂof? b
factor inplicated in pancreas devel opnent. %0652
BREC to a

" Pr e- BRditerentipedlyripatentsdgm @elthle@ecaffrrérté*rlﬂn

cell g & 9 iwl | owi ng nar ker s:
Nodal , mg&s e%gpr@%ldél%@@%r ?%@Fa\llrgeﬁ?ﬁ}gak cell" as used

her ei n refers to a cell expressing at |east one of the
10073 | ovrqr@re%&rq@éwgmesrlécqr pingreatig hormppeexREsEBhestl” as used

pr ot eh&em%feﬂ: @4 edi0QBae ofR2 IEI"GESII@ ANAst AS opﬁ@%lﬁ%ﬁrﬁg n

refers to a basic helix-1oop-helix protein of 48
t hat hempneseHyelt 8lugipsni PmetopRIAD, @nﬁﬂrm@agmmepn@r the
trimeric pancreas transcription factor- 1 (PTFl).

[0059]084]‘Pan§P MRGor@Sn k8 eieleal B dssd Adrsia rkiBRWa &3 capable of
'secreted protein acidic and rich in cystelne 0085]

" SSEASqeretingpidgist St fellewng pomopesaisilgealucagon; s a

gl ycoliRitsktatr fRpEn@kic 96RpRASENt on the surface of
murine teratocarcinoma stémcells (EC), nurine and

human enmbryoni ¢ germcells (EG, and murine enmbryonic
[0029]em “Pax-4"and “Pax-6" as used herein are pancreatic B cell specific transcription

factors that are implicated in islet development.

[0080] “PDX-1" as used herein refers to a homeodomain transcription factor

implicated in pancreas development.

[0081] “Pre-primitive streak cell” as used herein refers to a cell expressing at least

one of the following markers: Nodal, or FGF8.

[0082] “Primitive streak cell” as used herein refers to a cell expressing at least one of

the following markers: Brachyury, Mix-like homeobox protein, or FGF4.
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cells (ES). [0086] "SSEA-3" (Stage Specific Enbryonic
Antigen-3) is a glycolipid surface antigen present on
W@ b@soisdpace of human teratocarci noma stem cel PGT/UEXOP$/068782
human enbryonic germcells (EG, and human enbryonic
stemcells (ES). [0087] "SSEA-4" (Stage Specific
Enbryonic Antigen-4) is a glycolipid surface antigen
[oonslesemmon afph®’ a%%édﬂfé?m@feféﬂymrba&@ hatx% ﬁél&qsrat Sty
EC), human enbryoni c germ cel g . and human
enbr y itht tacalucarq- @etlésPNA[ 8@8% SubFRAO thg rimeric pancreas
kerathgmgﬁhﬁ@%%ugql@qg@ antigen that is expressed on
the surface of hunan teratocarci noma stemcells (EC),
uman enbryonic germcells (EG, and hunan enmbryoni c .
[00§‘Uem ceiN g (aésffeﬂglr%w]a Isofawn a5 pecrpigd profei agidigand rich in
sul fatgdigbated antigen that is expressed on the
surface of human teratocarci noma stemcells (EQ),
man_enbryoni c germcells (EG, and human enbryonic
10088 orn ST { Bgee SPUBBORmerrriS Akiech S i ar AR Tocs
phOSp&ﬁ&@§§m&§@6ﬁﬂEsﬁ&&é%ﬁ§ﬁﬁh@@m&ﬁﬁc§ﬁ&£§ﬁ§uﬁﬁs@Mﬁan
teratocarcinoma stemcells (EC) and human enbryonic
st em gafipgandggman poboyppic paen gl é%ﬁ?ﬁ AP HIPTYIER AR S
met hodgfg€) t he mai nt enance, passage and
differentiation of pluripotent stemcells that have
been rel eased as single cells using enzynes,

[008Q)r ¢ i cRtet-3" tYreepped Embwv@ﬁﬁnaa%%)dw alégolwt wes@%e f or

the ”EM@&@P@Q%@on@@%&%&@o@ﬁﬂnﬂh&%@Eﬁ&h&ﬁ&h&ﬁc@%(EC)
pluripotent stemcells that havebeen rel eased

si ngl BuBd] ¢ebrygritigaie cll e ad humgsembrioe siemselseHey
and no gain of chronosomal abnormalities. [0092] In

[00871 ©RENCH A NiagctdRECifiE E&El%mb M@ BEH-PNs QEQMéIi%%su@face
met hod f or dlfferentlatlngy uri potent stem cel
U

conpr Pigag Pickat ar the gurdce oghungy t@f@t@?&t@lﬂ@lﬁéstem&?hlﬁd@%nt
stem galise &hé"g&ﬁ%%lb ({@b) Reli %ﬁﬁh@&nﬁ&&np Et%'c@l‘fﬁt (%@5

stemcells as singl e cel c) Plating the single
|uripotent stemcells on a tissue culture substrate,

(008810 o} TIAFORT s ratestin pfatarslatsid aptigen ghat i spicesd o8 heppirface
cel I sqf ﬂt%%%rat-&@mﬁ&rﬂaq&@lﬁ %elﬁf(E@B lﬁﬁtn@t?&ﬁﬁ’yoﬁ& g&hﬁ&hk &G),
may be released as single cel

and human embryonic stem cells (ES)
[0089] “TRA1-81” is a keratin sulfate related antigen that is expressed on the surface

of human teratocarcinoma stem cells (EC), human embryonic germ cells (EG),

and human embryonic stem cells (ES).

[0090] “TRA2-49” is an alkaline phosphatase isozyme expressed on the surface of

human teratocarcinoma stem cells (EC) and human embryonic stem cells (ES).

[0091] The present invention provides methods for the maintenance, passage and
differentiation of pluripotent stem cells that have been released as single cells
using enzymes. In particular, the present invention provides methods for the

maintenance, passage and differentiation of pluripotent stem cells that have
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enzymatic treatnment. The enzymatic treatnent may be by

TrypLE(t m) Express, alternatively by TrypLE(tm) Sel ect,
wa@bkdoenoadd vel y by Trypsin, or alternatively byPCT/US2008/068782

Trypsi n/ EDTA. [0094] The enzymatic treatnent may be

for about two to about five mnutes. Aternatively,

the enzymatic treatnent is for about five m nutes.

[ 0095hechh@cRARE W ERISERYs B&h WS Sbsafucht 15@%@51;1%@&1(:9 Nanlim@m

about 0.5 %IL to about 2.5 g/L enzyne In one

embodeteat chremesoprl @hpeimaaliges. pl ur i pot ent sten1ce||s are

rel eased as single cells using TrypLE(tn) EXPRESS.

[00D£097]n drid cQBBJIHIFRO the FRRENt iRt pH6ViRQtaemdthstfem cel | s
are enbryonic stemcells. In an alternate epbodi nent,

t he eABicirgRTtIeHlERPEat San eills. ompaiping thsoss °f n one
enbodi nent, the rel eased single pluripotent cells are

plated ap @ultiiia UR phiHpbtehest&hl bk hat@sterfhe substrate
may be MATRIGEL(tn), alternatively the substrate may

be fibr tin | ternativel e sub te may be
o ni nd cRtternstidmpb el sl st foe. novan
serum or alternatively the substrate nmay be

col | ager) [ DIO@R]thd singa pluepiiodiswende]ls dinetigset admedubsitragl, e
pluripotent cells are plated on a three di nensiona
support. Tﬂg support may be incorporated with at |east
one pharmaceutical agent that facilitates the survival
and f uncl i Diffechtisthng thediedspldrisiterg ktemplells. | pot ent cel | s.
Support materials suitable for use for purposes of the

[00B3 > f;ﬂl élﬂs‘ﬁ%‘%ﬁﬂrﬁﬁ&&ﬁ Ht?ﬁfcéﬂs%g%e o a@ﬁﬁeéié &liis by

orm of foans,” sponges
hydroq@WHmn¢E%mnhasThaﬂaymmmMDwemﬂsnmwb¢UyﬁsmLEUiﬁbrms

:\A&T%In %_1?3?1 rT%:jly rbrg?. Mée&i (aﬁ?ﬁl'gtlve T bszr%:.1 rorg %l%rna%ively by

di | ut TempsivBmAabout 1: 30 to about 1: 10 In one
enbodi nent, the N%TRIGEL(tn) is used at a dilution of

[00%4]f Olnc%l%nat ht?e men or aQoutt ?WO tosaggﬁp f%g 1ﬁ¢'ut may be
feren? 0] ce s exp

charaAMammgmbcﬂmknﬁhmﬂﬂﬂkﬁnmhMyﬁnehﬂmﬁ&enmhmmeage.
Al ternatively, the single pluripotent stemcells my

0009, THELEOLOhEEhL APl BIRL ERBL AR KRLE g2
Al t er patdnwghg, the

[0096] In one embodiment, the clusters of pluripotent stem cells are released as single

cells using TrypLE"™EXPRESS.

[0097] In one embodiment, the pluripotent stem cells are embryonic stem cells. In an

alternate embodiment, the embryonic stem cells are human.

[0098] In one embodiment, the released single pluripotent cells are plated on a tissue
culture substrate. The substrate may be MATRIGEL™, alternatively the
substrate may be fibronectin, alternatively the substrate may be laminin,
alternatively the substrate may be human serum, or alternatively the substrate

may be collagen.
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single pluripotent stemcells may be differentiated
into cells expressing markers characteristic of the
w@anenesdd c endocrine |ineage. [0102] In one PCT/US2008/068782
enbodi nent, the present invention provides a nethod
for maintaining pluripotent stemcells, conprising the
steps of: a) Qotaining clusters of pluripotent stem
(0098 | Sin &k eﬁ%b&aﬁehmletra@aspd yﬁglpﬁ&ﬁmtelﬁwm £&h1h®d BFa three
singl e cells, % latin e sin urlgotent
stem é@l@ﬂl&wl&h S%PPPWts besuppert ﬁlﬁiéb%l%@’??faieé Wﬂﬂl@& gt OThe
cl ust Eﬁa?m@éeu@éa‘}' ﬁéeﬂpﬁl%mﬁtraﬁm&%hllv%am fQ&tlBﬁ b?t"ﬁé ?e%a@&i
single cells by enzymatic treatnment. The enzymatic

t r eat pBgle Phgipotort coljs. WME@@mlalEsapﬁa@lg §0r ua¢ fos pwapsey ef the

by Tr

ol or RATLETy By TR R M RARTRonBEr foums.
treatﬂEmE%na¥Sbﬁmﬁ@ﬂsabuh$fmdpmbnwabaumuﬂ%ve m nut es.
Al'ternatively, the enzymatic treatnent is for about

[0160 ve &féteﬁﬁodlhgﬁtq!ﬁi tlég{}@cﬁtﬂ?eyﬁﬁsﬁra@y h/ﬁ@FM@ﬁiTﬁt TR

concentratlon from about
enzynéﬂfﬁwﬁﬁﬁﬁ¥nwmheu@ﬁbbdmhﬁmnﬁomhéomﬂuﬁhembmmﬂ10 In
oLt ST BT 6 A Sesstl, huh gl focel | o
the plurypotenp stemcells are enbryonic sten1ce||é.
[01pH anTh¢ sieglapluapetet oinmeHs may hediptsnijaied ntogeBngxpedsiing
are hHHH(%TS oﬁl%gglistik e 81]@ %emdénﬁg& 11&1&%6 r g!lt@l‘fﬁ%%iy, the
single uripotent cells are on-a tissue
cultu Blegls phisipotantestenTépds supbe ddﬁe@nnayd e BT RIPBELiag M) |

Fact ol el byt HIE by SRl Ph O Amarivety, e
subst riagle phmipotbs stenbectinery ba d1fﬁfeh&:tterhmtcx/®lly edpin@sing
substrate be.l.am.nin ernati.v t he substrate
oy bEHG AR agrE b HaeiHE ORIy et ot rat ey
be col | agen. [0109] In one enbodinent, the released
[Ong]ngI & qniewmbpdumnﬂ; the@kdsent mm}lﬂnaﬂe\ddesg metlndnlrfeemamtaméng
i mens e . Suppor t y be incorporate
w B P BRI o R EUBP Rt 5% e : har
facilitates the survival and function of the rel eased
si ngl e p) uPbtpoingrlustel dfplurBatopoitam edlseri al s suitabl e
for use for purposes of the

b) Releasing the pluripotent stem cells as single cells, and

c) Plating the single pluripotent stem cells on a tissue culture substrate.

[0103] The clusters of pluripotent stem cells may be released as single cells by
enzymatic treatment. The enzymatic treatment may be by TrypLE™ Express,
alternatively by TrypLE™Select, alternatively by Trypsin, or alternatively by
Trypsin/EDTA.

[0104] The enzymatic treatment may be for about two to about five minutes.

Alternatively, the enzymatic treatment is for about five minutes.

[0105] The enzymes may be used at a concentration from about 0.5 g/L. to 2.5 g/L

enzyme.
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present invention include synthetic and natura
materials in the formof foans, sponges, gels,
woywoogshs, textiles, and nonwoven structures. PDUSDPS/068782
In one enbodi ment the tissue culture substrate is
grom h factor-reduced MATRI GEL(tnm). The grow h
factor-reduced MATRI GEL(tm may be used at a dilution
[ommom ﬁb&ié%n%o@iglehtotlﬁkéﬁiéfers]of%&ﬂ bidntQRen &M adirfeRbd ad Mifle
TRI GEL(tm is u%@d at a dil Plon of 1:30. [0111] The
si ngI eclls|upipg potréAt Ex@psscel | s may be differentiated
into cells expressing markers characteristic of the
[0108f | Nixf dn¢RnBOGALET thelpludPo@e: stedh EK ARLdMBRY dhic sidhecdlk N &
pluripotent stemcells may be differentiated into
cells al@@&%@%@%@ﬂ%ﬁk@e@@r&w Hen 6¢l15rg . t he
pancreatic endodermlineage. Alternatively, the single
[01p8]UT | ROSRRILSYiGRNC ﬂielraea@ad/ siagledplﬁlﬁlﬁﬁ@iﬂt:mtambmm 6h a tissue
cel | s expressing markers characterlsthM

pancr SHUCSUBHERGE rihsaustiais dapy be MA TBIGHLL oﬂ@ﬂwﬂdeﬂhe

enbodiBRidte mk§ e PORALAEH-RUER IMATRICM YeRtcphalBIN AL
for passaglngtglurlpotent stemcells, conprising the

st eps SWptratgmaphe Abrnesgncligapyely Be SPiswHF gy bafanypiam
cells alpe)rnaa%l? AR sﬂgstltatéem@ BéHuRRh @Q{lms&%meﬁgtll\leﬁ/ @S substrate

single cells, c) Plating the single pluripotéent stem
cel I smenbacalirgsue cul ture substrate, d) Allow ng the
single pluripotent stemcells to expand, e) Releasing

(0108 ST SHe@nBbsikeROMHE %lea%tz@é'ﬁél@blluﬁpotéﬁ Qelis ate flhRY b9 ke
single pluripotent stemcells on a new tissue culture

subst digteasiofah Juppprt Thiee wippt @ag bomcyperieiep gtitdmt least epg
cells ﬁ@%ﬁa&ﬁh&a@ L%ﬁ§l%gt f%lléfeglme%u&ﬁjai ﬁld#%rg%gfl ¥HRE Ye(feased

t r eat rent zymati c treatnent nmay
Tr y pLEQglnpluEirpeatss]ls. flupperhmpicsidh yuitolle Toryse fof pmposes of the

Selec i V/

Tryps fe;e%bfr&&ﬂ%h itf%d% f?léhée[%)zég(?}%%}lrgp%at@lll%? {nq?é onI% %fo@ﬁs
f or akbmugest yods, hpdragady texfiley,endnonw@sn stAlctueesnat i veI Y,

the enzymatic treatnment is for about five mnutes. The

[01?9‘]2 y nﬁls’%ﬁ%}‘nb?%n}éﬁte[ﬂe %suf&tﬁt%%] S%P%t{agehlg g@n\)&%lg r?gget%ﬂéedo 5
cI ust MASTRIGE@J“(ir Tlfmogrewth fattemme dwell MAaTIEGEéJT% asp e asd ata
singl Hilution from about 1:30 to about 1:10. In one embodiment, the

MATRIGEL™ is used at a dilution of 1:30.

[0111] The single pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage. Alternatively, the
single pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the pancreatic endoderm lineage. Alternatively, the
single pluripotent stem cells may be differentiated into cells expressing

markers characteristic of the pancreatic endocrine lineage.

[0112] In one embodiment, the present invention provides a method for passaging

pluripotent stem cells, comprising the steps of:

a) Obtaining clusters of pluripotent stem cells,
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cells using TrypLE(tm) Express. [0116] In one
enbodi nent, the single pluripotent cells are grown to

W@2@ens3dy of about 70 to 80% before cells ar ePEyHEI908/068782

subjected to enzymati c passaging onto a new ti ssue
culture substrate. The single pluripotent stemcells
may be passaged once, or they nmay be passaged nore
than ongg QLRGeS RRdscAkele sRERSEME | nvention.
[0117] %ﬁ one e%gggfnent, t he plurip%tent stemcells
are enbr onicgg%en1cel s. In an alternate enbodi pent,
t he enbfiolﬂﬁfen RHPL e PSP SKORSHS O HYSER] CYlHroiyastrate,
enbodi ment, the released single pluripotent cells are
pl ated an Allwiag the singletplirdosubsém adlB to Hipangubst r at e
may be MATRI GEL(tm), alternatively, the substrate may
be growt ctor-reduced MATRI CGEL(t Iternatively
Chesunstr SEEM R ST ORL FRm b vt fvery | he
substrate nmay be lam nin,alternatively the substrate
may be HunBatigghasmge plalip@ematcimlly ot hieeve iyst cdtue may
be collagesqjbst g}lQ] I n one enbodi nent, the rel eased
single plurlpéﬁént cells are plated on a three
di mensi onal support. The support may be incorporated
[01W8]t h Ahe ¢lesdgs obplaripiant eweells wal beagleared ahsngle cells by
facilita ryi val tion t | Eas
si gl S5 BOFuSH" Yhy ey AR LR B0 B v T80LEPEERES
for uslerfiaivelp by fogesE ™6 Belbdtcaliprmes ety by fiypsin wnlternaivalyeby
synthiticagﬁgngatural materials in the formof foans,
spong P S, "hydrogel s, textiles, and nonwoven
structures. [0120] In one enbodi nent the tissue
[01¢4l t uTke submbtictra@tmat grpht forhbait ove toatoddne minutes.
VTR S, PO Bl B LT 86 VTR SRR s
1: 10. mhpbeoned anbadhicermtion frive abWT RISEAL (d 1 gilscnuped at a
dilution of 1:30. O her nmethods for isolation,
pansi on and.cul ture. of pluripotent stemcel.ls .
000 B P BRPGh B S Gl Bl PO Rl B u Ty i g o singte
Pl uri pakesihg StypiECEEksessny express one or nore of the
st age-specific enbryonic antigens (SSEA) 3 and 4, and

[015'?]r kefnson%%h%gaiﬁght?th%§ln2% p%[}}pioggpéeﬁsc‘ are grown to a density of about

70 to 80% before cells are again subjected to enzymatic passaging onto a new
tissue culture substrate. The single pluripotent stem cells may be passaged
once, or they may be passaged more than once using the methods of the

present invention.

[0117] In one embodiment, the pluripotent stem cells are embryonic stem cells. In an

alternate embodiment, the embryonic stem cells are human.

[0118] In one embodiment, the released single pluripotent cells are plated on a tissue
culture substrate. The substrate may be MATRIGEL™, alternatively, the
substrate may be growth factor-reduced MATRIGEL™, alternatively the

substrate may be fibronectin, alternatively the substrate may be laminin,
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designated Tra-1-60 and Tra-1-81 (Thonson et abh,

Science 282:1 145, 1998). Differentiation of
w@kmpiopsdent stemcells in vitro results in theCT/USX08668782

SSEA- 4, Tra- 1-60, and Tra-1-81 expression (if

present) and increased expression of SSEA-I.

Undifferentiated pluripotent stemcells typically have

al kal hipenhes @lﬁ%‘h@ﬁﬁte@ﬁa{ﬁ Bé Hudhan WHIGDr 6B cl @ Lab8fh e

by f|X|ng the cells with 4% paraf or mal dehyde and t hen

devel B1Y Rgcll2 Vect or Red as a substrate, as

descri bed by the manufacturer (Vector Laboratories,
[018oir | i noaRRnBBliend tHndbdsEELiaNt pRESSR IS BROFIRBY oS h BiRe

cells alsot |caII express Cct-4 and TERT, as

det ecfiB¥nHyIIRTUNPEOTR fosmmrt WA Phidporgerater 3pthaet ISAdABR ype

of pr Blﬁ)aé‘ﬁééeﬁﬁ'capb%%{ ﬁﬂ@ttf@amat%g 8105 &S HaBardFuRtBRL LML tddasd©
differentiate into cel all three germ nal |ayers:

endod&pge Pheigegetcalls. a?\l@p@“em@f@@%lmmﬁablg dergise forr grippess ehy
_Of i st ?f&é’ﬁ?lnlvﬁntfbﬂ nnclﬂfﬂe %ﬁﬂflétirc %&i nat{u‘af ﬁét@ﬁ'm fo thé)%rm of foams,
injecting cells into severe conbi ned | nmunodefi ci ent
( SCI Dypomesegeld, ihxdragely, betitearaad oomeovemsttucfusesm usi ng 4%
par af or mal dehyde, and t hen exam ni ng them

[OIE‘)]S’t Y k@&ie%ﬁlbba’mfeﬁtr th&MdsIeafRrupGatd i 1s tg%%‘?’ fabfoR LR

three germ | ayers. Al'ternatively, pl uripofency may be
det er MARRIGEY. ¥-hEhacgrewth fagiorokdusety MATRIGES! ewy Apdsed at a

asses g fihn (G SR §dt‘3a§&ﬂ'1% TQbnd dAfboRfnf F«f’"&fee of

rkers aSSOCIate hree germ nal 'l'ayers.
[OlZS}DPﬂﬁﬁﬁ@5¥eumgiumnmbu@nﬁﬂsmen1celI li nes may be
karyot yped using a standard Gobandi ng t echni que and

conpar g & 9nAHbad f%P %glalﬁglé yeS%Fé{r&F{)g- M ﬁrec(ﬁrpli

prlnate specl es. to obtain eI S that
have a "nor nmal karyotype,' whtellsh nmeans that the cells
are euploid, wherein all hunman chronosonmes are present

and not noticeabl &‘hcﬁb&%z%gon %?M ‘ﬁ;%%enpsfteri?kéﬁs' pot ent

sten1ce||s [0124] The types uri potent stemcells
at may be used i ncl ude establlshed | ines of
l01511ur i Bblflé?f?nté@m cellgmpy guyess PBhe s gbthe sfeastpeaific er

gest aEI'nQI@'omb Qﬁ:ti%éﬁié (RQERY ?%ﬁ@ﬁ YD hfarkelsIREbR lﬁﬁ’lhg Qiﬁlboﬁl%
exanpl e, ocy st onic tissue, or
tiss uéeam@da Tami-60 alirﬁe s lr@%g@gqnaﬁt ﬂbrscmyqoz&idﬂﬂ@ 196%)-

not ”B?t‘?e?é%h&y?f%ﬁr@ro{%n?s‘?é?ﬁ 9811 r)}z%gﬂro)éesﬁf?s hZhB&KT SSEA4,

gestati on exanpl e
Tra- 1-60, and Tra-1-81 expression (if present) and increased expression of

SSEA-1. Undifferentiated pluripotent stem cells typically have alkaline
phosphatase activity, which can be detected by fixing the cells with 4%
paraformaldehyde and then developing with Vector Red as a substrate, as
described by the manufacturer (Vector Laboratories, Burlingame Calif.)
Undifferentiated pluripotent stem cells also typically express Oct-4 and TERT,
as detected by RT-PCR.

[0122] Another desirable phenotype of propagated pluripotent stem cells is a potential
to differentiate into cells of all three germinal layers: endoderm, mesoderm,

and ectoderm tissues. Pluripotency of stem cells can be confirmed, for
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establ i shed |ines of human enbryonic stemcells or
human enbryonic germcells, such as, for exanple the
woeovanosadr yonic stemcell lines H, H7, and HBCT/US2008/068782
(WCell). Also contenplated is use of the conpositions
of this disclosure during the initial establishnent or
stabilization of such cells, in which case the source
cel |'scypipid b iREih BN b WveRAbEBIncE BhhEnddék&éht (SCID)
directly fron1€ he source tissues. Also suitable are
cel | smigkBHNE heisrafoppuhpifamentingd e prefrmalgeyde.anf gisn
alr ea@%ﬁﬁﬁihé H{eﬁlqnétQO% Bﬁlngﬁ&%ﬁc@gf RS %@sr fr&ﬁ ltﬂe%hre@!g@rﬁl
suitabl e aré nmutant human enbryonic stemcell 1ines,
such &sersf Aitere&tavwm pluripgaioy n(aBrbesla@mnedAbmtéﬁ sreat@u)of
[0125 l's
are p%néiﬁ dl% sc ri egdthEy 8@;{%&%5@ "a e%%gﬁ%%lf
No. 5n©4®m%8®pw$dwemdb?®82g@nnwﬁ1%@998 Curr. Top.
Dev. Biol. 38:133 ff, 1998; Proc. Natl. Acad. Sci.

[0193']8 AProgg%a?%Lb rlp%%% s)tech‘élf € HQ§/ b? k&?bt?&dﬁﬂﬁg%tsﬁ%ar? G-

I n 'one enbodi nent, temcels
ar e t Wndual ttqhnmm: gk cadhpered &0 ﬂ)ldvjaelred (kﬁryfo@e@ﬁeqf thpedolrespohding

Suppo e% el ‘]tt @so&egll?%blestto%gl ‘r‘heéehsc' Pha\(fgg L‘@o?&?l\l:i;& 't)lzpﬁ,"

Al ter ent en1ce s are cu
a cuImmmhngyanbmnhmmdma@ee@sﬂnWhahhyﬂhumaldﬁmﬁ@EdE$am

cells t ports proliferation of
plurlgf?%h%n Wﬁﬁ?ﬁ%ﬁﬁ%aﬁﬂ$ out under goi ng substantia

differentiation. The growmh of pluripotent stemcells
in feeder- free cul tSsueenbffhogtorai fiérecehti ation is
supported using a medi um conditioned by culturing

[01@5]6\/i ?Hec‘! }ﬁes"gfﬁ)hl %Q@B&?Jm ge?lg kia} ?ﬁgfbe @e& ?If RAL 'e%f@dl%hedtlﬁ'l%s
grow h of’ pluripotent stemcells in er- free
cul t upEplwiipdtant t:elld iderfiresd diromi s oformel aé‘wpg@tatlem inedidmg fre-

Roubt St RO AR b ol Sl 20 TSRO Ge sy, pr
(ZOOOﬁ%ﬂammeﬁm@mmsonn@mnmgg@$ummn@pmﬁbﬂbwemheumﬁﬁmﬁ
scl o

cul t uPEOBABPTT B KT St de i (R R AR
bIaste&gﬁﬁﬁﬁﬂsmm@ﬂmnmmHmbq@mbsw@mmns&ﬂhﬁﬂbbﬂ@bmﬁ@%aar
Sa6- ST o) LGS B8 ATBHERYOTS TERGFY FEFaH: .
adul t H9f(wt1@én)amlsorte@rempla{edﬁme of the @bhpdsathoas sf thididistfoeire
abi 1 tdurlng the initial establishment or stabilization of such cells, in which case the
source cells would be primary pluripotent cells taken directly from the source
tissues. Also suitable are cells taken from a pluripotent stem cell population
already cultured in the absence of feeder cells. Also suitable are mutant
human embryonic stem cell lines, such as, for example, BGO1v (BresaGen,

Athens, GA).

[0125] In one embodiment, human embryonic stem cells are prepared as described by
Thomson et al. (U.S. Pat. No. 5,843,780; Science 282:1145, 1998; Curr. Top.
Dev. Biol. 38:133 ff., 1998; Proc. Natl. Acad. Sci. U.S.A. 92:7844, 1995).
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support human pluripotent stemcell culture. Richards
et al, state: "human enbryonic stemcell lines
w@wese on adult skin fibroblast feeders retBCHURINSOS782
enbryoni c stem cell norphol ogy and remain
pluripotent”. [0129] US200200721 17 di scl oses cel
lines that produce nmedia that support the growth of

primate pluripotent @&z@%%z&@or&tfteﬁggrs- free

culture. The cell lines enployed are nmesenchymal and
fibroblast-like cell lines obtﬁlned frﬁnrenb(%onlc
(01265 syl G earbprherewfuareaﬁﬁe&ﬁe HHE Parfedy sy layer of

USZOO?eQ@eZ%élls]tﬂat@hﬁ%rtdhezﬂh@[ﬁﬁ&n 5B cUIkein Qbrid Qva?@' I
e

lines as a primary r cell layer. [0130
anot h&Heagayeh! elurlv@ﬁ@ sgem ggfls ersrelﬁhr@ernrascuhee 51929211th2t2127

2005) il IP5eS o B RPESs fIRE ndlRBiclc@NGph B PrAfrQWidh Af
human pluripotent stemcells on feeder cell [ayers

der i velgripetehstearaghs withey sedeegoincembeeitinkdifforpntigtiop.nThe
anot hef, M%B?&rﬁao IQ 1 Q¥isGn ?etedé}'fre@%h Gethbd di?t‘%gémg@on

306-3714 ose a feeder syste erived
f rom tshepsyioh nan@@)msdldmfcb&lemed ay |cmln1rmg prayreaiply with another

o S SBAES: ol Ao BRI B G s

a souc@eHQannmde&nmeMkmnﬂmpawnedwmganhmmuahrbﬁa@bnta.
[0133L1An1t et al (Biol. Reprod 68: 2150-2156, 2003)
dISC|OS%S a feeder cell |ayer derived from human
foreskin. [0134] In another exanple, |Inzunza et a

[012Ft enF @edxhmpR 3ReubuwifzaQ, (N2GESBiotickrlapyd 8a3%eel@é (2008)) land
| ayer u 0 a rob ts.
o135 MRERA OB L Pk lmb R ML A Sl B 14 -
gr owmt h14yH dpclbmheecmuterof mhinpntentstmdﬂpﬁase fI‘Glﬁ|h]uBIai1 n
f eede

free cul ture ce I efut for

pr oduB BB S ak A s B 0RS PGBy o

i nvention includes nmesenchymal and fibroblast-Iike
[0128] | Ricrhasls et/ dBteedCdlis G iz%tﬁSﬁ,o?ﬁOé) d¢viabigtaé a panel of 11

differ { ed fr m.enpr

der i VI iX érenu Clhl’l’l a]d}l t’lf?tﬁleaél nB?, ca)l‘&azéegﬁgﬁ égﬁ iaa?rgyb tthe o a%lhty fo

gr ow agpsit @amaepllispdisit fgmichie caaindi lem@det nEcia@: ‘&fuﬁlan

descri bed and ill ystrat d Ln this dr

- anGoRSp R atmse L Th iy Busno b B R L bR Rtk !

condi hiriednbreshidderh o¢l1 ﬂhhﬁaholo gy and remain pluripotent”.

[0129] US20020072117 discloses cell lines that produce media that support the
growth of primate pluripotent stem cells in feeder-free culture. The cell lines
employed are mesenchymal and fibroblast-like cell lines obtained from
embryonic tissue or differentiated from embryonic stem cells.

US20020072117 also discloses the use of the cell lines as a primary feeder cell

layer.

[0130] In another example, Wang et a/ (Stem Cells 23: 1221-1227, 2005) discloses
methods for the long-term growth of human pluripotent stem cells on feeder

cell layers derived from human embryonic stem cells.
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mai nt enance, proliferation and differentiation of

manmal i an cells. WO20050 14799 states: "The culture
WOore@o0m3py oduced i n accordance with the preseneCT/US2008/068782

invention is conditioned by the cell secretion

activity of nurine cells, in particular, those

differentiated and i mortalized transgenic

[01BgPat acybesy e;eafgredswav&u?& )gMéfn' @b@mb@@ﬁés@gw@ )4, 2005)

[0137] I n anot her exanp uet al (StemCells
972- 9éecloszecfw)demeéléws@§er¢m4d‘m %\ﬁé@nﬁee@qﬁ mf@éftnaawopf

from QBN IPENONL calsem cel | derivatives that have
been genetically nodified to over express human

onerase_ reverse transcriptase | n anot

lﬂlé%lanpinea fugbersarop ¢ 0y amoies &1 @ge@“sC%llS@Reﬁ%é‘ﬂQ ﬁo%ﬂrSﬁleﬁf

cul t ug eoIRAIFHBAIEQL1IE BRail® ik AARSEpIRfenf] Uri potent stem
cells.[0139] An alternative culture system enpl oys

(018 mnenior ORI Bhel G oot A3 RSt o Brb o er

st em gghle8 frofQuntax dsrkg,. Cheon et al (Bi oReprod DO :
10. 1095/ bi ol reprod. 105.046870, Cctober 19, 2005)

disclose a feeder-free, serumfree culture system

(0134 ¢ h sy bseRPLS Birinzdief & (Sicm GRYS At artfeddi2005) fisclosc'a

UNCoNHolidrQBIL fhy SEFIAMh B REBEBN ek ISRYibAIB s td M
suppl emented with different growh factors capabl e of

Liggerin oni ¢ stem cel | eIf-r 014
101330 hﬁ%S @‘&8%&1@%0%9}8 fhat tppaert By EH? @é‘P‘I‘tE LIMPO%M
568- S¢tfm (%ﬁzg@éusdh $&h@f8feeemattﬁ1@ dﬁldfC&[ lithed @sd fANEr Isrsadalon of
culture o nbryoni c stemcells in the absence

of fi BrBEIedE: @Séé“%%%aﬁateﬁ o &tt msaiainclidss mpsenshyrgal and

supp! apRBla@dikMctINiRE Ghtaine® hdhle bgycﬁﬁboﬁs@@eror AR ited from
US20050 148070 di scl oses a net ho cul turing human

enbr yonbyorie smncally. Methpdy o daradngragh sellinchauecesaemedia,
and %ﬁc{lﬁ%m% s*%ﬁloé%h@%tm%tﬁ@ E*&{dnﬁﬁéﬁ\ fedid he d%hh&fjand

conpri sihg turing t temcells In a culture
medi utlusieriedainthindiselpsyri n, ami no aci ds, vitam ns,
mnerals, at |east one transferrin or transferrin

[013610St i dhofher @JamlpfeawOﬂﬁﬁ) 114061k Mos@! cdnBRiBhd dnedium for the
substitute, the culture nediumessentially free of

maneMaitenfrae aprokferatinn anliBerantiation plgmammpleagellgbout
100 ”Wdﬁoo%1499§ LREOBYRSL 1A MUn] FOHRed SRRRB i8R with the

activati I nNg
present 1nvent10n is conditioned by the cell secretion activity of murine cells,

in particular, those differentiated and immortalized transgenic hepatocytes,

named MMH (Met Murine Hepatocyte).”

[0137] In another example, Xu et a/ (Stem Cells 22: 972-980, 2004) discloses
conditioned medium obtained from human embryonic stem cell derivatives
that have been genetically modified to over express human telomerase reverse

transcriptase.

[0138] In another example, US20070010011 discloses a chemically defined culture

medium for the maintenance of pluripotent stem cells.
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fibroblast growh factor signaling receptor, wherein
the gromh factor is supplied froma source other than

W@ o@p/0es3de br obl ast feeder |ayer, the nmedi um sup@DUS1008/068782

the proliferation of stemcells in an undifferentiated
state without feeder cells or conditioned nmedi um
[0142] In another exanple, US20050233446 discl oses a

[019¢f i nad aedidincusat Wstdne délb}s%fuﬁgfr&i 18801 &8 kfblemented with
i ncluding undi fferenti ate rimate prinordi al stem

cel | sgropigh Bglorscrpable Qfﬁ’éorﬁ‘éﬂllglﬁl?ﬁ nrghfﬁmglt @ﬁﬁmbayqnyc stem cells.
| SOt 0P} Cex@ifipe OPIRBA @ﬂazt(ﬁlok@&oéb@m1@@bb§m@@éﬁ?&a £O4! J4yg RA.
In a iven cu1ture pa ticular med |unlconpr|ses a
base @b@rrﬁ9am5hwscé®m@rfced@a&w, prump e culiyye sisiem inayidch

ascor i | : t

amdi 1 £ gy Qe RGEASEEink et BRLh o SRR Bhdemept

[ 0143[SR)mesinmt frppleaxetapivah dIBES00480h Bttatsespabld of toggsring

enbOdl? %Bmcgte ecehsé“lf"le é‘lwel medi um for grow ng

primate-derived prinor stemcells in a

substantially und| ffer entl ated state is provided which
[01#6ic| ubemothet gmpEnbevesstpn esdBtem Jetinehdot oX# P0Baslislose

medi u I

prima e E?SI tye% %ngﬁ%&ﬁd&a ul;esotfzﬁrih}’i)lQISP lf'bljy&%ﬁe rg'\a@%ﬁsclgrns\d I um

| S coalpemedf \ﬁbtoblasts nu¢omilginbedseedinm el ng aiddiassupdersenpplorith

the g h of primate-derived prinordial stemcells

and a 'substrate selected fromthe group consisting of

feeder cells and an extracellular matrix conponent
[01d8)r | véﬂanbﬂl@mmeetdanSMSDMSOT@]éiSMis amefhed bhadtuiing hurdas

non- e i.al

firot SR e AT 3R AR PRl RES AR BR e gbian

of nublcéostltietheanthod cpmptisiag: eulstaing the s{t@ﬂdefll]s il acdnet her

exanpl e,. US20050244962 st at es. d"IF one as a:fCt th§

i nven O SPBV ISR IR AN S Uy H@peﬁ T AT one

enbr y amistersi emaneﬂefrsa subdiieut€ Wt kebit ©8c Inh@inStr @uiedubstituto, the

culturﬁ sse(gtlall & F al n fetal %&n

(pr ef EYEET PeUPB S %aé]ﬁ feaof pappagangetabyriim gdaantading Aty

and i RaéthBoRneseneeod fifrbbleRblagh fagiopvdpablt A€ hdivatidpat

is su I ied froma source other than just a fibrobl ast

f eedef! Oak?@rgrowth faptqs signalinedercpior yhetdifethe Bromih fagiof 1s

f eedegygpA¥Plrom REEMEOMR¥hdn§ G b TiBFbLIaS B4Rt A&, @c $ic8ilin
cell culture, is rendered unnecessary by the addition
of sufibpeitiagtheforeHerBlienset stprusal hmfa@dmé#ffefenpmdmte Mithgut
furt hgeredéar)&glmrgonc}{%ggﬁ{g§§§154 di scl oses a defined,

isotonic culture

[0142] In another example, US20050233446 discloses a defined medium useful in
culturing stem cells, including undifferentiated primate primordial stem cells.
In solution, the medium is substantially isotonic as compared to the stem cells
being cultured. In a given culture, the particular medium comprises a base
medium and an amount each of bFGF, insulin, and ascorbic acid necessary to

support substantially undifferentiated growth of the primordial stem cells.

[0143] In another example, US6800480 states, “In one embodiment, a cell culture
medium for growing primate-derived primordial stem cells in a substantially

undifferentiated state is provided which includes a low osmotic pressure, low
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mediumthat is essentially feeder-free and serumfree,

conprising: a) a basal nediunm b) an anount of bFGF
wa@edobjoadsent to support growt h of substanti al | yPCT/US2008/068782

undi fferentiated mammal i an stemcells; c) an anount of

insulin sufficient to support growth of substantially

undi fferentiated mammal i an stemcells; and d) an

anmou nbnc@toxﬁﬁ&@le %e@l@%@k i8 Bfrdckicd ®ipdddt (B BRAKH o Pt
of substanti al d?(plundl ferentiated nmanmal I an stem

cel | sderpvgd pemordinl smclls: e ays ecdiwndposrgesiasith a nutrient

di scl a3@5 cffedRE netel ﬁﬁ{ thg?fomtﬁaiaﬁ}ﬁl@at@ﬁer%d primordial stem cells
undi fferenti at ed s em ce sald nmethod conpri sing

expos pip subgratmictestell fiog the gronbeqnsigfing ¢dfdeaderngsdls ardrnng

gr owt N [ nenber

o "t RS PREH AR AT Opiodtf QUL PRe Pl

pr ot efurther 10¢1u¢1ﬁ5 oot-exartiatl emnNG)ls, ian astrogdowrand a first growth

suffig i % f n t.ed

St at e %?g%llécgedlf nmh% ﬁFouglggns(l"s%n% Pf fucﬁ%m?‘&dﬂmﬁ ﬁ?gl% Ete ghe

desired result.[0147] The pluripotent stemcells nay
[0144] pl &t andthonexemales USZAIIDZA400L statee Sy bt aspece the liy cotem

enbOdb Pl% %‘ %n@ﬁlo B'f éu‘rljtglln?ﬁ)[gr%é}t% 518br§’81ﬁ§ LEAt ?11§ S()I%Q:ul‘allres

extra rx co
t hos ethdstem/c@ds foreomlth@sevretidlly featof alammahart fatat semm f or m
part ecept or <

c up
P o e MRS TRy ek o R PR R S R o
MATRI ﬁﬁloblaﬁt)grdxﬁh ddonun thait Gleepdea )‘ron’i\d%'ﬁElc@Eﬂl(et ththn j juSt ﬁ
sol ub ration from_En
ol o iRl SR 0 Ty AR Bt b B, g et
recon §1te:vi|btifltlfc‘ ebqbRerR Mtaiile Blomane cul[dgél, 48endrddamnecessary by
extrace ar onents and gonmponent ni xtures
ar e smetaQ%P%“ %&agﬁleﬂ? itlg{/?é?‘.’th&ﬁ)é'ndi ng on the cell
type being proli ferated, this may include | anm nin,
[0185]br onecfurther (REMHIEOYOROERNLS Batdactosd,a deapal; abtoaidlchimire,

and the |i ke, .al one arlo S co inations. [0149]
The pFﬁ?‘:“B‘&g"éHﬁ esg%ﬁfyc%ﬁlﬁ fedognt e ﬁ£ basal
subst naligmt B) 4 SbuhedibeGei sﬁfﬂcieﬁ%ls@ﬁpoarg(ﬂoxirtﬁ of hﬁ)stantlauy
presence of a medi um t hat pronotes cell surviv

al
pr opaytifferRntiatsddnanand kh s qg{: S: Chah RNt gfgnsulin ¢ Sficient to

char a%p@[)ﬂt %Fdw@l@ of sﬁbitaﬂtﬁﬁy‘i Endifi@tRatc@mhadtthAn I@t%ﬂﬁfelﬁ and d
fromcareful attention to the seeding distribution an
an amount of ascorbic acid sufficient to support growth of substantially

undifferentiated mammalian stem cells.

[0146] In another example, WO2005086845 discloses a method for maintenance of
an undifferentiated stem cell, said method comprising exposing a stem cell to
a member of the transforming growth factor-beta (TGF) family of proteins, a
member of the fibroblast growth factor (FGF) family of proteins, or
nicotinamide (NIC) in an amount sufficient to maintain the cell in an
undifferentiated state for a sufficient amount of time to achieve a desired

result.
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can readily be determ ned by one of skill in the art.
[0150] Suitable culture nedia nmay be nmade fromthe

WO 20000030y conponents, such as, for exanple, DRCDHESWOS/E68782
nodi fied Eagle's nmedi um (DMEM), G bco # 11965- 092;
Knockout Dul becco's nodi fied Eagle's nedi um (KO DVEM ,
G bco # 10829-018; Ham's F12/50% DVEM basal medi um

[01490 ”Mlé-plghwt@mst@ﬁ,ceﬁ-ﬂ REPLIH1AeOSHo Q&ﬁtabfé%ﬂrtﬁ% s@Rtrh@l

am no acid solution, Gbco 1 1 140-
mer captowttiedinent. tg syiebleculpBpbs thaterin A paweevian antrix

basi c £, n@ﬁ%l et ad E‘&\@&ﬂnﬁléIQE&E déIW: @fl)om KA bBeo ﬁtlembrane or
13256-029. Differentiation of Pluripotent Stem Cells

[ 0151 hat masfeements otitdierion wpleetercpenserdigand ennehedsom) one
pluri Ql%c?c%erﬁttﬁg%lﬁﬁhl'e %ulﬁ{r s&ﬁ@&é‘ﬂ%&% &ELC”M' (BH6n

whi l e mal ntalnin urlpo ency. anges I n
pl ur i Pitkemoy). cMAifRK}HeM 1sa wiltlic pricparatoarfrdve Eeiteethitdd-

by SetSEhl 0 IAORS.U0u 5 YRSl SEPLERSLANET

mar ker 8 associ at urip tenc
changesempntphamtbirpet ency can be rmnltored by det ectl ng
changesin the | evel s of expression of narkers

[01?\?]? gc gﬂ% gxé[}rlglc%léﬁlla]q n{atr%{ ceo';kfp((}%g%sloeﬂlld%&gﬁag f&lﬁ(tﬁ% 3 éu‘fflttaﬁg as
e rr‘lo :) damgrtnatipé. ulDe:ppodhegl tn the ecll yet bangpreliferasquiathist redy include
cu u{aglll%l%l dﬁbI'O eCtl roetleogﬁ/can l%a(t‘ h Heparealnlsgl#atg angﬁaﬁ ?&e

their et ent
ot her alosd d>r1hy1ne)u§ag'mlbxeata>ns:el | expressing markers
characteristic of the definitive endoderm i neage.

[01%t e 'i‘ﬁé ;él‘ﬁﬁﬂ? L35 S lln%;% M{’@at“@é{ntg’ﬁle%yﬁs%]aie i dun%ﬁl%' ng

Tar ker o X eristi
[in eagetnbﬁdmrmndaﬁ ihe @legenct ha medllhmttlyqfn @rameyes ktell surciehll

expreSS| mar k har risti.c of .the creatic
entoc PR PR eng BT R el Sy RANGHE my e
a cel bha@étﬁf@&fsl’b@ndfﬂfﬂéﬁlrcﬁreﬁhaftaﬁfoﬁ té the kddf dishtbubiocald

| i neage 0153], Pluri otent temcells treated in
accor 8@,{8@ ?’F Hetean yh%‘a§f§?‘ﬁ%t ¢Ptesent invention

may be differentiated into a variety of other cell
[016§]pes Shiyabinyltsidintcall reayretraid fiom f,hh eallawﬁng doaipoxna ik as,

et nolE <GP dS g eod TRy DO e Aies

i nto 0eyKabcl@at belbedeak diodifice €hls's mla&llaﬁlt(KWIDBEM)aGd)cb ke

i ke. 10829-018; Ham's F12/50% DMEM basal medium; 200 mM L-glutamine,
Gibco # 15039-027; non-essential amino acid solution, Gibco 11140-050; -
mercaptoethanol, Sigma # M7522; human recombinant basic fibroblast growth

factor (bFGF), Gibco # 13256-029.
Differentiation of Pluripotent Stem Cells

[0151] In one embodiment of the present invention, pluripotent stem cells are
propagated in culture, while maintaining their pluripotency. Changes in
pluripotency of the cells with time can be determined by detecting changes in
the levels of expression of markers associated with pluripotency.

Alternatively, changes in pluripotency can be monitored by detecting changes
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[0154] For exanple, pluripotent stemcells treated in

accordance with the nethods of the present invention
woregoooes3gl f f erenti ated i nto neural progenit or SPERTS2008/068782

cardi onyocytes according to the nethods disclosed in

W02007030870. [0155] In another exanple, pluripotent

stemcells treated in accordance wth the nethods of

the praseRtell BVE&Bkath SaYarRgs Shisbdigt LRt alrefnlififof or

hepat ocyt es accordlng to the nmethods disclosed in US

pat enfagensssosad wibragathpigsll éfPeCel | s Expr essi ng

Mar kers Characteristic of the Definitive Endoderm

[0152]n€agLan Abp@k RibbdinRet thp&tarﬁ Richfdel1$ a8 BYopREated in culture
differentiated into cells expressing. narkers

char atdthesisateddn a pryang dat piopiotes thepdbiiepitiatipmivipgaothpr
any nFélfl?ﬁ’e '"Fhetolﬂﬁr @JIF %/pe[ Qdpdd a Ee‘l’lrexﬁﬁé?smgl rRark @b Mk Re% B

st em cel erentiated into cells expr essi ng
mar kepkthe ﬁ%fmme@nd%dlem lipgage. halteragtivalyt the eclbivaomay he a cell

|| neageachonAn &8abBR @Rt didlae LARRGy] Mdkamour

et al, Nature Bi ot echnol ogy
(zoosﬁhp®m5®bcﬁ@me%%@ﬁpMEbephdlwmmﬁsngn@ﬂ@nwb@hugwmayf

be di { Eu?&léatlg% 04’1) ﬁet {theh é | S e?ﬁ%ﬁ(fai ﬁog%rllgﬁﬁiﬁﬁégbgeea cell

charac rls | |n| Ive e
accordnm@mﬁpmmhesnmnhmﬂsndoﬁméﬁ&dﬂhmmgShlnozaki et al
Devel oprment 131, 1651 - 1662 (2004) [0159] For

[01%3( anpi’ﬁlrlpgterlf{rs{e%octeﬁn]érea ecﬁ?pagceolr QU 8 {?\e m%lt f0]2156 gtet L r%ge%g
into celts expressi nar Kers aracteris °p
def i nlﬂvem&nemvdrdxdellffnréntmeagﬁo aamﬂoﬁtghdr oelt ﬂypesr‘@'tahpds

di scl ose n

( 200_75ult F‘Gf&?)‘] #‘6 ¢ Qaﬁﬁ‘i éé‘amBFul?lP%octeéﬁfte@tCSﬁ% téeé‘?eﬁén may

be di fidcerdandelvithetle mBthod LatltheSprexspr igshitingmaR bk iffsrentiated

characterlstlc of the definitive egqﬁq% m | i neage

accor HNFHa ctlhecatithsds hapaeseddits Il anour et al |

Nat ure Bi ot echnol ogy 24, 1392 - 1401 (2006). [0161]
[0164) k eFsr sxhaplacilexiposdni Qe@fcelllshﬁbada&ﬁﬂ :Eticbﬂd‘d@e@ﬁﬂhﬂh#ﬁﬂhﬁﬂlods of

IineagF are sel ected from.the. aklstln of

SOX17! © BEFAY anIQﬁt[longB@'ttg @,ma r“Ft RArogep gand

Br ac hyatiymydbyxeslatdopdin@ivapdmsthpdsati®idded inGFd2602480870.
eonesoderm n (EQVES), DKK4, FG- 17, GATA6, CXCR4,

- Ki t 9, and. OIX2. Suit abl use in the sent
[Olgﬂvenﬁ BRIl Pluppygent é’)‘(‘BerSg%té%ate n I"“fec%jtan‘i?n"é‘ﬁb ©
methods of the present invention may be differentiated into hepatocytes

according to the methods disclosed in US patent 6,458,589.

Formation of Cells Expressing Markers Characteristic of the Definitive

Endoderm Lineage

[0156] Pluripotent stem cells may be differentiated into cells expressing markers

characteristic of the definitive endoderm lineage by any method in the art.

[0157] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the definitive endoderm lineage according to the
methods disclosed in D’ Amour et al, Nature Biotechnology 23, 1534 - 1541
(2005).
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the markers characteristic of the definitive endoderm
I ineage. I n one aspect of the present invention, a

W@ 2000/0e63py essi ng markers characteristic of thePCT/US2008/068782
definitive endodermlineage is a primtive streak
precursor cell. In an alternate aspect, a cell
expressing markers characteristic of the definitive

[01@3‘]d odesaxhimpR qgﬁrlﬂocﬁen@st@iﬁ%@lﬁ%ﬂﬂkfﬁlff@sﬁtlat&ﬁnt@ Qells expressing
alternate aspect, a cel freSS|ng mar ker s

char aBREesShpactestie ﬁéthséﬁﬁrn Wéc)@ﬁaélﬁ@agﬁwqorfb%gj@ ths g
def i nifin¥gs ﬁM&Q@fn@h%th PR PRI PheR 13881453 - 1662 (2004).

Expressing Markers Characteristic of the Pancreatic
Endoder m Li neagle [0162] Pluripotent stemcells may be

[01§9F  eFeifpRple P RAEIE HP M Seltsippydisslitigjentistaddite cells expressing
char aghfftsthhbct®istt RethR %E‘i%@@et én@od%ﬁq @iﬂ@ig@‘a&doﬁﬁ@t% tRY
any method in the art. é‘ For exang éo uri pot ent
stem wthpéswsgdalWeIfe@ﬁémh emdcilngd 28eBB £208%pr essi ng
mar kers characteristic of the pancreatic endoderm

[01%0]n €ager aample %l{ﬁ%ott&lt e cE'I?strH cﬁ'ffe“r@ﬂtf&%e%dntb Belld e&ﬁi‘é&b‘ing
al, Nature Biotechnol o 1392 -

( 2006)113[1@1_@@1!?”%#5&1@ p§the ﬁaf?ramfeeﬂmd@éerle ha@ag@ ﬁ@wpchm:wé%ﬂ ic

endodglribhd N&AIEd &ﬁ?A%u?‘éztcﬁ%ftﬁl‘e@1&5@111916@}1@4 1392 - 1401
consi sting of Pdxl, HNF-Ibeta, PTFla, HNF-6, 'HB9 and

PROXI (2080) t abl e for use in the pr esent invention is a
cell that expresses at |east one of the markers

[o16f@r aMaﬁ&k@h‘aﬁct@ﬁstfc%@ tHRYREHA érﬁlo@éﬂﬁilqgl@ig@aH s@fe%@ frohithe
one aSpeCt of resent |nvent|0n a cel reSS|ng

mar kegup h@m@@%@ﬁ XY, @ﬁTtAHerﬁﬁhﬂtaeéitSﬁeC@rﬁdTB .MGF3,
| i neagg, 5, M&ﬁ%%@{?'e&o&%?&gﬁrﬁaﬁ%mg EQLEBLd R, Of

Cel | s Expressing Pancr eati c Endocrine
Li neatEOYI8356 PKKA, HGEp otk AG e Re ICHSit )9 % end OTX2.

di ff eg pclﬁoi g‘%lel%e 11?&1? R&%nt ?nvgﬁ%)o SoaLdl &J‘lghﬂ%gcﬁgsﬁl até%lateong )9f

charac eri ancreatic. endocri
any wﬁtehmikarmhafaeteasttc of ﬁlﬁkﬁﬁ]nnﬁ@endeﬁanﬁineagep |Tnipicpespen bf
stem ﬁlel Ier enti.at ed

or kel 6 PERaANERRst PGP BakPsRriaerafuBiR fam
| i neagelodeanlimdhgegs hpnmhe/ermédk@d@udbmluo&eﬂa dlfertcARdt, a

et al, ture Bio ech 1392.- 1401 (2006)
[ 0167fel¢'—\%‘Pre§§%F‘r ¢ ad?"i %é{“‘eﬂﬁ thy 3%}21&“&@ 10 dﬁ%?fPBeé’lge ha
di f f enefdhi@dead célNt1a a6 altérBateXPe@SHEExpressing markers

characteristic of the definitive endoderm lineage is a definitive endoderm cell.

Formation of Cells Expressing Markers Characteristic of the Pancreatic

Endoderm Lineage

[0162] Pluripotent stem cells may be differentiated into cells expressing markers

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

[0163] For example, pluripotent stem cells may be differentiated into cells expressing
markers characteristic of the pancreatic endoderm lineage according to the
methods disclosed in D’ Amour et al, Nature Biotechnology 24, 1392 - 1401
(2006).
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mar kers characteristic of the pancreatic endocrine
i neage, by the nethods disclosed in Nature

w@Br@veodsool ogy 24, 1392 - 1401 (2006). [0168] WMCF/US2008/068782

exanpl e, pluripotent stemcells may be differentiated
into cells expressing markers characteristic of the
pancreatic endocrine |ineage, by the methods disclosed

[0164 D hﬁﬂ&ﬂchﬁﬁact@hstlcwﬂﬁérpﬁnc@éa@& %ﬁM@JnQHNeag@QQ@elec{t&%

Mar kers characteristic of the pancreatic endocrine
| i nead)e 2&tue corvitiag éﬁlpffxrlol’ﬂ\]f Hé’%f%[ﬁi%%ﬂ&%ﬁ% gnGPROXI.
NGN- 3 Sulu%lérf@%se hr?!h@‘bresélm 11Efg1>&10]1’1s Mtht’exﬁ@%ef’at 1 bne 3¢
and PTF-1 al pha. I'n one enbodinent, a pancreatic
endoc fhiemearkesy ¢hajagtengiisaibithe nancreatis reéétsiuewghmag¢ elagne aypect
of th |
Cbret SLREPLEM DOGATRATS kA L ORI i, o,
use i panctratipersloderm linnagens @ panciegti@ercledldrmtchit expr esses
at |l east one of the markers characteristic of the
pancr eai?bﬁnﬁfh%%@eﬁ?ﬂb& a&ﬁkr?@ﬁh@%ﬁ&katﬁ’éﬂdb&ine
present i1 nvention, a cell expressing narkers
characteristic of the pancréaneéage endocrine |ineage is
a pancreatic endocrine cell. The pancreatic endocrine
(01681 | PRYipOENa1cRARAL Fak bC A RAR: EER GRS LORGRL Imaricers
Al'ternatively, the pancreatic endocrine cell may be a
pancr elzprdcterivit ofghepaseisntis dndeprine lipcagp by 70] methOCbméhe art.
aspect of the present invention, the pancreatic
[0165dOC EbN&ample! plhl*?po@eng ?&ﬁl c@ﬁ%%a%ﬁ’@ ﬁﬂer@iﬁfa’fe@rﬁto cells expressing
characteristic of cell I'ineage. A c
expr eg8rkey qhﬁrﬂkt@rﬁ%lc @ﬁﬁlﬁ Rencaqatig ppdocipfe ltfﬁ@gﬁbiC@@ﬂllng to the
| neaRSAPHEIRES TP AR ANGR G OARoREy 51302 Lop
followng transcription factors: 3, x2.2, Nk
Neur 030061 -1, HNF-3 beta, MAFA, Pax4 and Pax6. In
one aspect of the present invention, a cell expressing
1 rke[: hAPRGH k Geficelish felrcjoRR3 b
[0 @ﬂ él'rhér;(ee lglcﬂ rrgl?]%c?%nngte S?S pspoa})b% Cn‘[? ére taﬂ:ﬁ ES cé ) e@plk%ssmg
rrat er matksrsshimeetbiistic fobthe percrdatie elpl@clp@sle@agﬁ X the Hpﬂ@é& nt
i nven a terials in
t he fgfﬁgﬁ qf@%ﬂgfﬁéggﬁgg Wﬁg@ %Mgrog s, textiles,
and nonwoven structures, mhlch have been used in vitro
[0168ld i ﬁor\ﬁxvmpltedolura@@ﬂméﬁtpm@t:llwayr@gieﬁ@plma@dbm@Fd@iee,iallessmg
tissu : j
| i e bP R Balcklic G AR AP0t
pr act dis¢loggdtihe’ Aemhoﬁgl@&Huhgkpmb@éwwgﬁK%ention. See,
for exanple, the nmaterials disclosed in

[0169] Markers characteristic of the pancreatic endocrine lineage are selected from
the group consisting of NGN-3, NeuroD, Islet-1, Pdx-1, NKX6.1, Pax-4, Ngn-
3, and PTF-1 alpha. In one embodiment, a pancreatic endocrine cell is capable
of expressing at least one of the following hormones: insulin, glucagon,
somatostatin, and pancreatic polypeptide. Suitable for use in the present
invention is a cell that expresses at least one of the markers characteristic of
the pancreatic endocrine lineage. In one aspect of the present invention, a cell
expressing markers characteristic of the pancreatic endocrine lineage is a

pancreatic endocrine cell. The pancreatic endocrine cell may be a pancreatic
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U S Patent 5,770,417, U S. Patent 6,022,743, U.S.
Patent 5,567,612, U S. Patent 5,759,830, U S. Patent

WO 20926068%D, U. S. Patent 6,534,084, U.S. Pat entPCT/US2008/068782
6, 306, 424, U.S. Patent 6, 365,149, U. S. Patent
6, 599, 323, U.S. Patent 6, 656,488, U.S. Published
Appl i cation 2004/0062753 Al, U S. Patent 4,557, 264and

U 'S Rahri- eﬁpr%fﬁg@g@ Aftegﬂ-azg’]: Tt*He Fﬁfcfgaﬁc &M@é}ﬂfetcell may be

i ncorporated with har maceu i cal agent,
phar w&é@lﬁf%%\hora@éwece%ﬁg% m xed with the poI yner
solution prior to formng the support. Alternatively,

[0180]Phal B LSdcCal theAgedrht Gk, BIR: Raatart Add@indcell is a cell
fabri cated support, preferably in the presence of a

phar meeuessing alerkerrohprapteristisof pisfrael diaenge c Alcch ganiessingy
be pr ﬁl‘?i%}s C%gr.aa?ljlgtlg l&‘ ﬁ’lbg%lefl 1[1](,%' X )% ss&—%% 1381114 ag’leagt on@'8¥

ot her "appropri ate physi et nat
exci ptlerfdsliaammg/trhmrqnhdetﬂactoms.ﬁ\f(ﬁ\l SuUpFkar1, Nkeo6.d) Ncmro[b Ha-1,

rel ea har pgceut i cal agen I n an. .
it or AP St ARt TBE T 1b 58 84T RE ne pBs &l myerpn
at | eadlcxprssiRhiakives Shidrhct@lsti€ onpep el likvake s pasell.
anti-inflammatory conpound, such as, for exanple

conmpounds di scl osed | Pat e 509, 369. [ 0173]
The support may be II’@UF?J@W&IBH%SPW%{S | east one
pharmaceuti cal conmpound that is an anti-apoptotic

[01C DN o SmehortSheddtiaSuitdbdd foeuarfpt @yrp s egfahodsscdi is cdndsiethciute

U S. Patent 3,.945. 17 The.support may .al.sqo b
Cneor SOMERE A psrbat (e R Sl e e S vty
that testiR€) ahdBodWdver stﬁfctufrésbﬁlﬁh&h SavePdEusdS in i@ and in vivo to
exanpl e, conpounds disclosed.in U S. Patent 6,331, 298.

[ 0175}60911‘?8“%%95 E@P‘%er%gl%g%l 5805 A hriadely chshemoictic

| east 2 QN8 fOHAGBREEIEcCRbw 1R OIFP QHRABIc tihalse hﬁprs:@m@ i of
enhanci ng afgl ogenesi s, such as, for exanple

conpobstedridhy piessat inventions, Sqoylor e, Kspaterias disglosed in

2004/ 9220323 sé\% 4l117~°U s%&ﬂ%*@@ﬁhfmj $. %khpﬁsm 612, U.S.
2004/ 0209901. he su(gg@r al so
Hrﬁaf

i ncor pyetsed” @ HJ §tPaIte@a@62 ﬁtﬁ@teﬁz&3|4(9§14 & Sripreait d
t hat Cc or
b %0@5‘24 Uk @géHtgPi BSSHVE SCRARR g‘%g%a %%’ i‘ig%g%tenf

exanpl e, Apoun closed in U
Appl i ééﬁ@éﬁﬁ E@DEM@lSM(B@BpIICPMW}W@ﬂ@mﬁ édeltS. Peemnt i on

IS Tunkhesadhd U PRk 8 ho ot 1im ted by, the
ol | ow hg

[0172] To form a support incorporated with a pharmaceutical agent, the
pharmaceutical agent can be mixed with the polymer solution prior to forming
the support. Alternatively, a pharmaceutical agent could be coated onto a
fabricated support, preferably in the presence of a pharmaceutical carrier. The
pharmaceutical agent may be present as a liquid, a finely divided solid, or any
other appropriate physical form. Alternatively, excipients may be added to the
support to alter the release rate of the pharmaceutical agent. In an alternate
embodiment, the support is incorporated with at least one pharmaceutical
compound that is an anti-inflammatory compound, such as, for example

compounds disclosed in U.S. Patent 6,509,369.
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exanpl es. EXAMPLES Exanpl e 1 Passage and mai nt enance

of hESC as Cell Clusters [0178] The human enbryonic
we@aeshd |ines H and HO were maintai ned on PET/O83008/068782

C inactivated primry nouse enbryonic fibroblasts

(MEF). The hES cells were swtched from VEF feeders to

MATRI GEL(tm over repeated passages. [0179]

[01MYTRI SRL(dPdrt £:abE MEo Brafeﬂ%t@leat réwdttoﬁéaﬁqa%&laﬁt%al Pt

Fact or Reduced TRI (Bect on cki nson
Bedf ofhdt is piauafi- 7P0\W/I§)§ICFWEM :aSPCIH@a%GX%%% cOmpRHIdY 1: 30

| n_coldaRVEM BX2plibviosogsn, Carlsbad, CA. Volures
sufficient to cover were added to each 6cmdish (2m)

or each well of a 6 well pl ateélnﬂ and i ncubat ed
0174 ~af'he BHATE BAp2lsphaimearpyiaicd wikatlcait opg Phasm3ceiRbur s

or st Qérﬁl%uﬁ& tHAGs 4R idhfbifoV\Or REKS sdcgjag CH)r HURBR. SFYURARI C

stemcell culture: Undifferentiated human enbryonic
stem é’éﬂpseécl}?Hrﬁ Bafeti4334A88-H ) were harvested from
feeder layers by incubation in Ing/m collagenase 1V

[0165 9 n@he%gf)d)@ Pay ﬁtso bé—fﬁ%lﬁmammﬂh@t Q&@Mfﬂl}%rrf%?t?egl

m nut es I@é scraping with a pipet
¢l unpsomrauad 6@1 i strablerf cehepeipg pgeeensh. wich 39 6@ cxyple.or

four mauhes AReLsENR PS! bublisu SPphisadn 9aMd o W3R & s,

2m pipet to break colonies into small clusters of
cel | sPubtisheseApndication|2084/820990er e seeded ont o
MATRI GEL(tm) - coated di shes in MEF-CM suppl enmented with

[011%:]GF CBOG HPbrt m%g‘gsoc—'bféﬁl@%@raﬂgh mﬁpQﬁét %ne Mmace@ichPO

col oni es per dish in growt h medi'um Medi um was
changeemprpang ghat 1@:@11 @nm@@smprwwmqupﬁ)sumﬁsmm@mple

becarng, 4, g% AW RASBAthe zj:[}h&'ﬁ‘é‘é{ 26FGHRL BB 70- 80%

of the surface area, approxi mat y every 3-4 days. The
hES cells in the colonies had a gh nucleus to

018k opIbspeseat inyensine isHfaahgs ﬁlbmrﬁ%tbufm% limgpd by, gherfpllagying o
hES cegldysdtai ntai ned on feeders (Figure 1).
D|fferent|ated cells represented | ess than 5% of total
cells in culture. [0181] For routine passage of cells
in MEF-CM on MATRI GEL(tm) ,EXAMPLESer e

Example 1
Passage and maintenance of hESC as Cell Clusters

[0178] The human embryonic stem cell lines H1 and H9 were maintained on
mitomycin C inactivated primary mouse embryonic fibroblasts (MEF). The
hES cells were switched from MEF feeders to MATRIGEL™ over repeated

passages.

[0179] MATRIGEL™ coating of tissue culture dishes: Growth Factor Reduced
MATRIGEL™ (Becton-Dickinson, Bedford, Mass.) was thawed at 4°C and
then diluted 1:30 in cold DMEM/F12 (Invitrogen, Carlsbad, CA). Volumes
sufficient to cover were added to each 6cm dish (2ml) or each well of a 6 well
plate (1ml), and incubated 1hr at room temp. Plates were used within a few

hours or stored at 4°C up to two weeks.
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i ncubated in Ing/m collagenase IV in DVEM F12 for up

to 60 m nutes and renoved fromthe di shes by forceful
wa@reansIof DVEM F12 with scrapi ng. Cells wer ePCT/US2008/068782

pel | eted, dispersed, and seeded at a 1:3 or 1:4 ratio.

Exanpl e 2 Passage of human enbryonic stemcells as

Single Cells: Evaluation of Enzynes [0182] To

[01%@101 | HuAh® chbS oS8 semekl Bang:i DAiTES G&ld BimaR 88589hi89tem
techni ques may use ot her enzymatic sol utions which

need &clkdodmics (HP arddd b wese haryeptedfioan tedas yers by [igybatign in

Scr ap'lﬁlg/nﬁtcglﬁ)d RO QB3 IWYdricRaSS A @/[(9)% IDMBS/8 ebr 10
clusters with coI | agenase does not al'low for nuneric

quant Mifugest fodawest byt deeepinglwith aieat. Geléclymesieere phiigigd by
en IZ y n@én'tr?fu 29 ot ta{ fﬁgﬁ r@'ﬁ ?orq%ﬁ fnlnﬁl?tleseantth gﬁéll@@(ﬁ%efst&ﬁ ge%nﬂy

| sin one rapi st "acting enz
c ausewithiagimiaipetcte bieall a@lalges andnddediseotoficolpe ddeseakll

at t aCanEtnlIs wle s%g(ied og .0%25 TIMdC%nEe%JS SE‘% 19}(/IEtPhéM

fol l owing experi ryonic stemcells
FBpSSsxqa@lehmn@debiFGFc(Snmth&D Bysten®s, Wekhileaolilis VNG r50-150

i ncubated w t | .ow y L .
o o BuSHetet Besh B hm Gt P SN kB GhbiEEd gy

t r ypsColoads 25MATRIGELIMm MER{ﬂl\e%ec&tnefBﬁrge an‘éll wer@paydiBshen
rel eased t he. Wi t hi two m nutes exce Si

rol ool aramicg 7 sBra b s it AP ofias ROty BBt arhe
at 636£D|E|s Eﬁllshlﬁth‘é@ﬁl@nléﬁﬁﬁeidﬁgh M%%ga%%_@%laﬁﬁhlgﬁd e}h'ﬁ|hhd ijnt 0
a we pate coate W t an a owe to
expanBrofpient pcleelipigidar t ﬁ%ﬁeﬂéml%mdconsﬁe%dmsc@auge Mer e

al so passafiaRg calsué;srssreﬁtemefsbthﬁlob%aﬁﬁﬁ:ﬁ%@us(lﬁQulmr@ ute
i ncubati on) and reseeded at a 1:5 dilution on

MATRI GEL(t coat ed im I ar to the co nt ed
(01§}l oL B TRyt %@ﬁ%%%f‘sof&sh yig M% E%M o MAd&RIG&Y s’ e RESC

ver e RhiRAsiad 1hy/nd cBllé%@naﬁb MNLEDMEBES £ 0p W d0Nminutes and

TrypLE(tm) Express s were incubated with 0.01%

t r ypafesvekiramdha didss Bopreed strepatsiod DMEMEIR withjsggpingt y

I mredicafi@ldte lifcR, di§cRRE RS ASS 8aLI1ET of NRARL8% for al |
enzymes tested. Passage ‘of hunman enbryonic stemcells

wi th col |l agenase is the standard passagi ng net hod.
After three days culture, BOPRP¥YpLE(tn) Sel ect and
TrypLE(tnm) Express yielded recovered cell counts
Si m | arpassage of human embryonic stem cells as Single Cells: Evaluation of

Enzymes

[0182] To facilitate the ecase of handling hES cells, passaging techniques may use
other enzymatic solutions which need a shorter incubation time and do not
include a scraping step. Additionally, passaging cells as cell clusters with
collagenase does not allow for numeric quantification of the cells that are
seeded. Many enzymatic solutions are available to release single cells in one
rapid step. A fast acting enzyme that causes minimal cell damage and does
not impede cell attachment or cell growth was identified by the following

experiment.
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to col | agenase. Trypsin/ EDTA and trypsin were

significantly |less effective at maintaining cell
waeaaobasent / growm h. TrypLE(tm Sel ect and TrypeE(/U§3008/068782

Express were the best enzynes eval uated and were

further tested in a tine course experinent, Exanple 3.

Exanpl e 3 Passage of human enbryonic stemcells as

[01831N9! erufagh bsbryGRE kidinZatld 90h 30 cc ENEYWER ifRS UG 6Tk &R dish
[0184] TrypLE(tmnm) Select and TrypLE(t Express proved

opt i marregnculpted with hedsllavasg erymyy Tanl &7 rFnretsh EryPHER]
i ncub Qélhé% ntr} 1%61@&(0*0@@5 &r ﬁfrg%s\fﬁbsz%)t for REPmRtek S 36°C.

TrypLE(t el ect and T ress were
i ncub leedzxmqs melmp@ﬂne hﬁswﬂlllruts\toemuﬁemmmmln uRelgasgr

10 mi @gﬁ%gggﬁ hic ggd fftr #9L iufR0 vedcf ol E&é}sré@@édk at

count e et y centri gatlon I quots o
200, 00@,00) delf.lsl/well Intoved wek pktbadatoh tvath MATRISIAL P laad dlowed

Cel | t |
ColL 4 YS15 AU 0L W18 Bt LU Y. 458258,
of 0. Gl Mytﬂlanlligenme (mﬁﬁme@mubatmmcu rbsteydeAIaSa gr5eiiiton

SR G e AR TR A A G R o
gs Il:re 2elaf Aeter &&eidﬁy;sgthe @Fgﬁveg?&&eﬂadwtahivammh&wjamn
Er b a SRR iR Calsafy REFHAflh tyMaeTieani s

do notheh emn&@qmamﬁe Tprcgesdbilitg imhenRvE aftel dRag etk $rdaftat
do attach are able to rollferate and ex&a,nd Assumi nl%l

that R %afPllenpupe t%ﬁte h hassagend hpmel cgpiyenig pem Rty
t hesec&iﬁtgaaageelmtdha&rg phdiddin@mbth6AATRPthrQf day VulHTNBEES
with Try % Egress results in the best attachnent
rate. Trmpsu ['Epelegt 2 pyesB™t Fwaeshrizisldsd fespvaregorcicaytteygmilar
wer e ¥0|'L%ﬂaéé§§s@ frgf smm a1§d t?}%lsﬁ v&% éléﬂlﬁ&mﬁy less effective at

subsequent exper| rrent S. erentiation of
humanmeminiyiasnéal %@@me@égﬂowg wIeETééie egt aad d rYpd/H™ Express

C ust
APt R e SR S

Humaneggriment, Example 3.

Example 3

Passage of human embryonic stem cells as Single Cells: Optimization of

Enzyme Exposure Time

[0184] TrypLE™ Select and TrypLE™ Express proved optimal of all enzymes tested.
To determine the ideal incubation time for these enzymes with hES cells,
TrypLE™ Select and TrypLE™ Express were incubated with H9p34 hESC
clusters for two minutes or 10 minutes at 37°C. Cells were removed from the
well, counted, and pelleted by centrifugation. Aliquots of 200,000 cells/well
were seeded into a 6 well plate. Cells were grown for three days followed by
release with TrypLE™ Express and counting in the presence of 0.01% trypan
blue.
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cell s passaged as single cells offer a significant
i nprovenent to aid in cell input quantification and
weamenof3dhandl i ng. The ability of these singl eP¢iEBS2008/068782
cells to differentiate was determ ned. [0187] Seedi ng
of cell clusters and single cells: A 6cmplate of H9
cell clusters on reduced growth factor

or H
[oMA}TRI %Mia DI\;EM@@ fr&%ﬂ %h@dw%i %tﬁeﬁzyﬁ@i for 860 3%8bdtioh

up m nutes at 37C. The

ce | | s théSr el PlerPhiadicasss the wher ﬁ@re@mﬁreé EelpY Aigd Cdngiafter
centrid.Hged CEl@srpaélseMgf?ﬁoL&ETM %Qgreg sqgichg—(h@le Gftid1 seeding

clusters were then see into a p ate coated

wi t h demsBy efier thrgdaye dlide thdigpiewtht thamal@rltyl\mﬁ?ﬁllmr(% m .
Thi's Rag g&‘tgrgse%ﬁgg (ﬂgwé\%§ %J c%‘ﬂ% {hgt FFh bl{]&e @l: I%prollfeﬁie

clusters rnatively, cmplate o
cel | @lhdﬁcp@rds fopumiad teetie gelbwixpanilat the sarvNERI (BB §ttagded,

wer e 'thlgge c?a?ag %o\ﬁ%tlé?lp %gtyap[l’e G&LO w8rn§ es wﬁﬂ trg{a?ﬁms

m nutes a di sperse y pl pe OW ng
cent r Ekprgatresahs atthOR6t artqanhrﬁemt rafe. r‘ﬂirmplt]ﬁsi Expi'ees teakrhats for

henseded dW|th110
Feduc T BBl nerbPPe it aiRee Bk SRR ey o
cel | seeei;neft®188] Definitive Endodermdifferentiation:
H9 and H sc and cc cultures at approximately 60 to
70% confl uency were exposeqc to %M F12 nmedi um
suppl enented with 0.5% FBS, “10P°fg/ i Wit 3a (R&D
Systens) and 100 ng/m Activin A (AA, R&D Systens) for
t wo daydifférehtiagwachf byman estbmeontic stem velB\EMEIE CRIIsedl el

suppl enented with 26@1 Fﬁe% go[rlgﬁrlg]éﬁw /dﬂdeact ivin A for

an additional three days. it ures were
anal yzed by FACS for CXCR4, CD99, and CD9 expression
[01861d b;imbe@hicmtenecepmm@ffermeliﬁto r8OXPIT celWinshges{ uaen ES

P2 Ly OB P BSPERL

r egar thpdt entficata@r ald eesedd dendhmgrelihkc @bidity afhihdse siGATABS cells

HNF- 3 SOX- 17 represent definite endoderm
mar ket Cﬂfgﬁ%la?%@%@%m d CXCR4 represent narkers of

primtive streak. Si ngI e cells differentiated to DE to
[0187]si miS¢éedingex tadhtiuseess ael dingld evdls: eAécasplfctbséHS?/ edHt belbagters

t( I;Ie pgrrl f ?cte %?0\)9[{1 fActor 'IUIATI&Q}E% as Pncﬁ'batted With5 | 1I csollagenase
(1 mg/ml) in DMEM:F12 for up to 60 minutes at 37°C. The cells were
removed by pipetting and scraping and centrifuged for 4 minutes at 900 rpm.
The cell clusters were then seeded into a 6 well plate coated with 1:15 or 1:30
reduced growth factor MATRIGEL™ . This passaging method resulted in
seeding cell clusters (cc). Alternatively, a 6cm plate of H9 or H1 cell clusters
on reduced growth factor MATRIGEL™ were incubated with TrypLE™
Express (2ml) for 5 minutes at 37°C and dispersed by pipetting. Following
centrifugation at 900 rpm for 4 minutes, the cells were then seeded into a 6
well plated coated with 1:10 reduced growth factor MATRIGEL™ and named

single cells (sc).
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Exanple 5 Differentiation of hES Single Cells and Cell

Clusters to Pancreatic Endoderm [0190] Further
waledobeoasm i ati on, follow ng a protocol publishedr/bg2008/068782

Novocel | (Baetge, EE et al, Nature Biotechnol ogy

(2006), 24(1 1), 1392-1401.) wth nodifications, was

al so tested to determne the differentiation capacity

[omﬁ] t N® R SENBNE M Bldréntiafib® 19daST MR8d FUENIRRE at
fferentiated into pancr eati c endoderm fol | ow ng

DE pr sREeEemaighy9rty B cppflusRanstre cyposgdre WEMaFri@rr@élmne
EndOd%p&SleﬂieB{egmﬂb'ﬁ% FB@ 109%10%{39 &8 g@tg&)a%wo

experinents, using usters and single cells
from exapetvin A (s K&P §M~°é¢mfd |f¢fft%1p drsi tflewed bY treatment

pancr eah Wgﬂg@g ‘?ﬁe’&iunﬁ@gfenﬁ%ﬁg@kﬁh W”J]?]?é‘ arkd B0 n g/ml activin

definitive erm pro he cell's were | cubat e
f or 3Adayan additionf@FEGlgy50ng/ M ; R&D Systens), the
soni ¢ hedgehog i nhi bitor, KAAD cycl opam ne (2.5uM

[01§]gmaTﬁ‘é aflﬂuFeQXVeMal% Ftﬁ%A(E‘S %MC@ZC@@).“'&HE{CD9 exgression

| om ng, cel ubat ed an additi’onal thr
days widt by *@En® RBOfvg SHIX) 17, ROALY,¢yiphaeistehpieteinl AEBLM) |

Retin ) R

B27( | OXER og@ §}“M%§E%eﬁ“g [dSLRRS e Ll GATAL, AT

wer e hmcY@ut7ede agard@tthstwmﬂa] entlbdee® m@y&s mnEﬁe\ﬁ"dMnHNF 3
50 ch | u d

g % rB]g épa émd%ﬁ%%}ﬁﬁ rwreslent d)gﬁmp E&c{erm I%a]rkee\g’s » d régé’ﬁ%ﬁ%

from OID(@RNﬂbﬂ)re@ﬁt raarﬁerwef prirpikiag ﬁreﬁbr Siagle hel&&hﬂferér}tp&d&@d

tpgﬁg r @Eﬁp & ed]raf( é}t%n? 1I c?t%fg?%a’? 0 ser]t\?EQ%OEgh t@gggcentage of

Neur OEéSulhh\g:@KCR@tpﬁilﬁve dengghglnreamd AFP. Differentiation
was continued for three days with CVRL nedi um
(I'nvitrogen) contai ni ng 50 | GF (R&D
Systems), and Exendin 3‘%@?%“3 and 1% 827
Eval uation of the same pancr eati c endoderm mar kers was
r epeat edDdferdntiatios bAIGES SiRjIA (éedimah@@eﬂ Civsters ta BatcechtitES
cells of the sane line vverilg ected to real-time PCR
in parallel to treated sa " eat ed sanpl es were
normal i zed to untreated control s set to a fold change
[0180] onéurtiRdxliffeexpatensiodowings praodd putdidhalriy Noopdlr(@detge,

bet Weep ?aln %a?urg ﬁlotechnorfogycaOb@?béP(ﬁ),er1§92—14{bq G hon of

pancr eat I C
modifications, was also tested to determine the differentiation capacity of the

hES single cells. The cells were further differentiated into pancreatic

endoderm following the DE protocol described in Example 4.

[0191] Pancreatic Endoderm differentiation: One of the H9 (p37) DE experiments,
using both cell clusters and single cells from example 4, was further
differentiated to pancreatic endoderm. After completion of the definitive
endoderm protocol, the cells were incubated for 3 days with FGF10 (50ng/ml;
R&D Systems), the sonic hedgehog inhibitor, KAAD cyclopamine (2.5uM;
Sigma-Aldrich) and 2% FBS in DMEM:F12 medium. Following, cells were
incubated an additional three days with FGF10 (50ng/ml), KAAD
cyclopamine (2.5uM), Retinoic Acid (1uM; Sigma-Aldrich) and 1% B27
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endoder m mar ker expression was equi val ent between the

single cells and the cell clusters (Figure 3).
wab@peésse, the hES single cells have a sin | aPCT/US2008/068782

i nherent capacity to differentiate as hES cell

clusters. Exanple 6 Passage of hES cells as single

cells [0192] Passage of hES cells as single cells

woul d(iaittogdh) I EMERI-|dwt YludoRe. spcﬁioeﬂﬂgocuu Wkt iRSub@Rd an
facilitate a manufacturing &r ocess. [0193] Description

of si Adflitéongkthree dayidp Ef@uﬁl 4 Qnﬁa%ssagéa%mwbb PAP T (b
gr 0mC§l%10%héle)t %@1‘%@@2%“)14%&- M@lu@o%e dRRAILASHS @f@l@‘f%ﬁcen

At passage 3 plate of H9 cells was i ncubated

Wi t h Qrmn one yst E( 2 ﬁ}veprﬁeesteabe celbtyns pngthen anplyaidy redle

cells r n t for
R D S S S s S
r at i oNewob, HINBGD, gﬂtfdwlhsma@anAFP eBufGeahtiMOTRY (ER timved for

coateg Dbl Cﬁg,se&ith @Mﬁbm?o?é%rﬁes eé%)%orﬁtaﬁé%g%ﬁﬁ? ?ﬁ-?qu the

cell s 'were’coun

densi (B/&DfSyéIdmgOﬁEieﬂ;desdm m(ﬁ)ngﬁaiis saa«y da%a‘kﬂfi’ Esslealinng thet
this density conti interval s, of  eve

e, SRSt bR e R aR R Rl R S i
grew @uin @free&d:cﬂﬁil%ceﬁﬁbf the binie IR wete fubjeo®ed td reglitime PCR in
clusters areF 1 and Figure 4). Ex le 7
ey I O RRU bRy Bt Bplas S g alrsd Shriredicd
Mai nt esiaddecb a HES chigh oPbrdl PROL SMENsibS wAEBESHRddyanM t h
any passagi ng techni que. Therefore, the si tg{e cells

wer e évmaa%@t@aﬁﬁfeaﬁmgleuﬁhlspa&é@ grusi¢rs dpdygfipy pigragereatic

passagRidwnt ﬁarﬂérﬂbﬁgsﬁmw%ﬁﬁﬁ%t be@%8®1he single cells and the
FACSpl uri potentcy anal ysi s: single cells were

cul t updkrlsterpeigigds Hserfz,fvrastb@h%S figlE sells drays e sigilar

pass aﬂl‘ﬁéreﬁ‘&a?dcﬂg kSdifBlch$atd AHASANI1ORR.
cryopreservation freeze-thaw. The cells were then

anal yzed by FACS for the eﬁgres& on of pluripotency
mar kers. Adherent cells we ¥dfved fromculture
plates using a 5 mnute incubation with TrypLE(tm

Express sol ution. RekeasefhEStds avsinglelc@kUspended in
DVEM F12 msdi um and recovered by centrifugation,

[01%& f g)ge é%gﬁsolf ﬁ?? ﬂﬂ%]s siggle cgllss CRI?CP 2913 lngthe leﬁty% saca c- up cultures

and facilitate a manufacturing process.

[0193] Description of single cell generation and passage: H9 cells were grown as
clusters on MATRIGEL™ as described above. At passage 38, a 6cm plate of
H9 cells was incubated with 2ml TrypLE™ Express for 5 minutes at 37°C.
The cells were resuspended in DMEM:F12 and centrifuged for 4 minutes at
900 rpm. The cells were reseeded at a 1:4 ratio onto 1:30 growth factor
reduced MATRIGEL™ coated plates. After approximately five passages, the
cells were counted before reseeding and plated at a density of 14,000cells/cm?.
Passage and reseeding at this density continued at intervals of every four days.
The cells retained a compact structure as they grew out of single cells but

never formed tight clusters (compare Figure 1 and Figure 4).
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BSA (Sigma-Aldrich, St. Louis, M), 0.05% sodium azi de

in PBS. As appropriate, the cells were Fc-receptor
wWhb@ekedd or 15 m nutes using a 0.1% gamma gl oPCI/US2008/068782

(Sigma) solution. Aliquots (approximately 10 5 cells)

were incubated with either phycoerythirin (PE) or

al | ophycocyani n (APC) conj ugated nonocl onal anti bodi es

(5 m antibody per 106 cel lgghmptsy i ndicated in Table

[11, or with an unconjugated prlnary anti body.

Controls included a pro 1S e mat ched
anti bodi es, unst &™ d‘sé’g g 'ﬂfogilgﬁi“?pgtteﬁﬂhed only
wi th secondary conjugated anti body. Al incubations

[0194]t h amﬂtéaﬁddee;ﬁ“hm cell pleripent 6 feosssad with b 8 saingd C
after |ch ?ells e shed th %he stainin
buf f efc "é‘é‘ﬁpl é‘%re Oﬁ%\ﬁhe\ﬁéﬂ%i éwﬁr&?V vrl R BYRPIgY alfer
pri mamyitpid fabgdésesithed,pLE™CRpadied for an additional 30
m nutes at 4C with secondary conjugated PE or APC

i bodi es ee |
0980 o B S Pl PP i B D e sl e B 8 Bt g
and r glausPRENdRdd b 16 b@saﬁgtegam@e &k frﬁl’udm@rd)ﬂe tyBpre&ktation
surface nol ecul es were identjfied u5|ng) FACS Awrgy

(BD BITGE B a8y o7l hateraehtnalvas hetht hirdie drgizston

10, OOPIuﬁﬁ&Eﬁ@ mdNERC AR RTEMAS & RASHBY BFmiduRAL pARd using
HI9sc ave equi val ent pl uripotency protein

expr e§§|n6ﬁut?ﬂf“6F atigy Wit Tyl E "5 Expieseciniytion. gRgleasgkgeds were

Human re%{{%[nyd%@ IIIPDMMF ¢k §iumiang E&o@%d byKRh ¥Rl gh H@n
Stability The karyo;%pe of S single cells

shoul &low PY}WQQhéF{gI aad geppypepding jngs Séanpagbﬁ&égonsragn%pwd{oe
cel | s parr & il A G s38 oRESBY 8535 ogdulﬂ%z“r‘c{e%n%ﬁb! ayed

by nu t|p passagés as single ce . e karyotype of
HO cehprsopiiat, the celisiare He-ppergordnerkedifoGl banitesgising a 0.1%

N o0 kRS BB (RerkerShliidnr 2icfi6R PAob AR ImdHagh F Uy ke
i nter phdﬁaeeglnugil cg'ihemmlyeoeaythﬂﬂ}l@@ cbytllcﬁthébc@rﬁﬂlm (}klé@)cence
in situ ri

t oundC Y ripRe Ak B RN BE T SRy MIcHEd o

showedagibat, ot hanhae hh@mjmg@te@pmar?ahumybebmaﬂs AL OO mes
and a npdal chronmosone nunber

46. Kar otypln%gg
si ngl 8Pl TRt edpRichGe pritpodies. pasiaiggbeells agd gelfs skadngg enly
20. Pasnagenddy ]Jlllg%teh @ﬁ!tlﬂéﬁ? EALPRELAINBs with antibodies were
cryopreservati on reezet haw
performed for 30 minutes at 4°C after which the cells were washed with the
staining buffer. Samples that were stained with unconjugated primary
antibodies were incubated for an additional 30 minutes at 4°C with secondary
conjugated PE or APC labeled antibodies. See Table I1I for a list of secondary
antibodies used. Washed cells were pelleted and resuspended in the staining
buffer, and the cell surface molecules were identified using a FACS Array
(BD Biosciences) instrument, collecting at least 10,000 events. hESC
collagenase passaged H1p40 and H9scp16 have equivalent pluripotency

protein expression profiles (Figure 5).

Example 8

38



event. Passage 13 and 20 cells were karyotypically

normal (Figure 6). Exanple 9 Differentiation of hES
w@evglas3®el | s and hES Cell Custers to Definit PBUS2008/068782

Endoderm [ 0197] For ultimate utility, hES cells

passaged as single cells nust retain their

differentiation potential. Single cells were subjected

t 0 t heaglafdind MR AAPARBRIN SRInPES Shnﬁ?@%@lpkla%g IPability
y

cells after nultiple passages with LE(tm press

- | dwth LE(t,
01hFlorm Bl R SieRsRES SBel colyhe G NA D PO
MATRI (ke 1Y sidQe déilsWdrOodtufan s dudshk antinatd anowt®by

sc, at approximately 60 to 70% confl uent nonol ayers,
ver e BXRBBEIseecsEvENEr Lol bs katy vt Efesteyasgdetrmped op

FBS, #{safd GWhBR: BRhtRAnNYGI CARAtind/Goheticsd Madk¥id wWi).
days, fTollowed by treatnent with DVEM F12 medi um_
suppl Arfett ER0s-bandodsqtisgcrrryatiaigd pegl 240 imgrphese prugleirvgre
an adgi.t. 1, Q4, 9%] - ]
wer e %ag)%’zggg%ﬁbssf @%&%&%gcre ZI&?(CR ,br@EDS%?Maﬁg Cféﬂgglog&ﬁé
expr esximehomndrbipundialthe ¢etfe alRGRed. o€y tIE@Xcti7anaBOX sligwed

Al phayf R o] '

qooscLeb8 by RAR Ehaatiioe T B SIHIBL T ,

ar e r egavadetfd@sKarysggnabf Ehsiogle celismes kerdactedvht agsage 13

G’A‘-l-AA"dncf_| ’\|a[:-a3 9(? tlgass%nd EQO)ﬁ-s ]gZd SRS e%ent deof ireni I'tva6ti0 freeze-

endod@MNEFkers, “HRaGSE ry, and oAy rpeﬁ? S8t

mar kethawahvepr PasideV8 aad P@eadls wiraighwtypadallg npass @igure 6).

multiple times (passage 6 and 21) retain their ability

to differentiate into DE siml Alg to cell clusters

(passage 36-55) (Figure 7). é‘)‘(‘gnp% e 10 Differentiation

of hES Single Cells to Pancreatic Endoderm [0199]

Cel | s iifferentiatidreef I Single GellnasbhENCell faustere tot Pefinitive

endoderm adhering to the fall.ow steps; three day

i ncubation with FGFI O (SOngjflr(Ti?i‘\é,rn}ghe soni ¢ hedgehog

i nhi bitor, KAAD cycl opam ne (2.5uM, and 2% FBS in

[01BRIEM Edruliimoete utiity f IS eollepestaged b seegldep)ls mnstirbtam@ERiIO

(50ng/ gi%A 21,0 ' : Lhnoi.g :Aci d

(TuM) dfg%%fn% 1 §§9&¥ﬁAID§/@;aelr&gﬂv\?(\gerQMect§q6 tHQUeFnifiGd
endoderm protocol as follows. H9 cells after multiple passages with
TrypLE™ Express (sc-p), were released with TrypLE™ Express (sc) from
passed single cells (passage 6 and 21) onto MATRIGEL™(1:10 dilution) for
differentiation. H9 sc, at approximately 60 to 70% confluent monolayers,
were exposed to DMEM:F12 medium supplemented with 0.5% FBS, 10 ng/ml
Wnt3a and 100 ng/ml activin A for two days, followed by treatment with
DMEM/F12 medium supplemented with 2% FBS and 100 ng/ml Activin A for

an additional three days.

[0198] At day 5, the cells were analyzed by FACS for CXCR4, CD99, and CD9
expression and by real time PCR for SOX-17, SOX-7, Alpha-fetal protein
(AFP), CXCR4, Brychyury (Bry), gooscecoid (GSC), HNF-3 beta, and
GATA4. AFP and SOX-7 are regarded as visceral endoderm markers, while
GATAA4, HNF-3 beta and SOX-17 represent definite endoderm markers, and
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gl ucose. Evaluation of the cells was perforned at day
11. Sone cultures continued treatnment for three days

WO pooBxessed n 4 (50ng/ m ), DAPT (1uM, and 1% B2IFCT/HS2008/068782
DMVEM | ow gl ucose. At day 14, sanples were anal yzed for
pancreati c markers Pdxl, Nkx.l, Nkx2.2, Pax4, NeuroD,
HNF3b, Ptfla, Insulin and AFP by real-tinme PCR Sone

cul tuges, ggﬂﬁﬂmﬁdm kdpbRER Mariald Fpribfivedfead CQlﬁgl@&@lk
three days 'with COVRL nedi um contai ni ng 50ng/ ni

| GF, B#ecdEReple fimes (nargee 6gB) ratajn heiebidiy f@fdlff%@t@f@rre
pancr gal be, RIS EM Hﬁs&é@?(p%ss‘é@e%d?ﬁe@'\%ge Al t he end of

day 17. Pancreatic endoderm narkers x2.°2, Neur oD,

HNF6, HNF3b, were predom nantly expressed at the end
of days 14 and 17. Pdx| exPra8RlEdf increased stepwi se
at each stage of treatnent (Figure 8). Exanple 11

Di f f er ent i piffepenthizon 9 RES Sing! ¢ 81596 PMEredtRatiRTo8 el 200]

To achi eve optlmal di fferentiati on of hES cells to

o3 SR R OEPeEt it ool P GG R e on

MEF f egideisy sips;Uhies dayninéuveridi WREBGF BCBORYAD| @e kavel s
of definitive endoderm and pancreati c endoderm To

det er AF9geqerinhiRiEorHE&AL; Gyglogargias (SSWle 2ty "a FBS ichi eve

this Bﬂ@EMMlQ%&mﬁBf&lo&@@%ﬂn&fﬂa?s WEIFFGEW%Oﬁg/fM) KAAD
14, 000 cells/cn2. The cells were grown in ES cel

medi uRYGRmEICAR- ﬁ@Mmeetmﬁ@e‘)@J%uﬂﬂ\@éfl@ R BRERYL-low

(I'nvi %gﬁl@&%ntvalﬁa?ﬁoﬂ 99’[‘11@%&%%21‘5 %Erf&fﬁeﬂ Qt A119S Some cultures
(I'nvitroge L- gl utam ne and | nM

2- mer edpn tl’?&ﬁ@ﬁnt ﬁ)éilthy?q diis lan?@VEW# (40ng/malp, tLAP T7 (1330) sand
cel | s 9858 B CWIS\Q%MCH&”EM Q}p@t tsﬂ‘gplgse\];/ r@hﬁa'.l)yz%d for

endoder'm proto appl i e to't
Speci parncedatigmatkexs Pdal; SNkab. 1 189K, ﬂ?ﬁX%NmumDnHNF% @hig A

per wi P Pl ek SRR R R Y

Act i vian aﬁ\adxh‘donﬁ%i%BﬁayerlEﬂMleﬂillﬁedlmi lenﬁig é0meeinl, ﬁGF

wer e rmved VVI and anal yzed
by Fale ol EESRAE s W1 i Moy oF RSB PR B e 55
Gr eat emdotidsrann%%s (Wfas teheataiedt kg cad pf &5516d PaxX@ldic amdbderm

expecfn§ ersslgg’%n% 3\@?05? :Hg\]eplgl’ ﬁ#c\%?l? 8" ‘?rw&g Sy exfiSssed at

the end of days 14 and 17. Pdx1 expression increased stepwise at each stage

of treatment (Figure ).
Example 11
Differentiating hES Single Cells on MEF feeders

[0200] To achieve optimal differentiation of hES cells to pancreatic endoderm, the
definitive endoderm population must be maximal. Currently, growing hES on
MEF feeders results in the highest achievable levels of definitive endoderm
and pancreatic endoderm. To determine if the hES single cells are able to
achieve this end, Hlscp4 were seeded onto MEF feeders at 14,000 cells/cm”.

The cells were grown in ES cell medium containing 20% Knock-out Serum
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MEF feeders inproves definitive endoderm
differentiation as determ ned by CXCR4 positive cell

WO evpBees99 Exanpl e 12 Differentiati ng hES Si ngl BCTZEE1088/068782
in 96 Wll Plates [0201] One conmon difficulty with
passage of hES cells as clusters is that they are
difficult to quantify and do not grow at even rates.

Si ngl gepifdehRn@BUBrdlS), @QH@ﬂés@élﬁaltm{notA&%é (ﬁ@nrogérgvxgﬂg@nl
a confluent nonol ayer and can be counted before

passabec¥. dné\{éugléta@qmpd Sedb?myrepioctbisbqlwiontia PMEM-

pur poges. Adhesayaldil kv'@fété%%o% @onﬁu&ﬁ%@%‘ Rhihigvd S{doderm
successf ul screenl ng val i dation. [0202 ES H9sc

wer e BeEgelgvasripplicdde Kercdllsvi SpeeiBeal etwo ySanelé)Ong/mPActlvm
( Per Kiyn r D%%E

MATRI E&th:%ﬁ‘ %]? gg ens(lth;é%og' Iggg ce dfﬁf%fgﬁr%{dgg’%&ﬁ
cel | speweyad! fglrlQ)qu bydhre¢ tayetecatnaent with 10Rnganli ActiviaFA and 2%
condi ne Nﬁg [

di ffe%gﬁ nB I on o%(gg %ﬂc‘g%%@e& agl#J?eﬂﬁg@VBng%Em
treat Exiprwsstahd anasbtzaahblﬁF.dCS fat@COR4, (CIMNIGhdICDIxBi@ssion
100ng/ % EBS |

Syl e B cefte oA, O R Rl EN Ba il Chod s
t he GHsBBRY dfhhetbetl@éxpk@ﬁse(dmﬁjm expbBeChexailiag biagle [EA cells on
Jol | a jnstead of Wit 3a. This_ was followed b
Pt MET S rBRSe Sdsdn & ShaspCin il pliflon & Ffermined by
100ngEXICRAGIokivib dcof maR®er?% FBS in DVEM F12. At the end
of culture, cells were fixed with 4% par af or mal dehyde
at roomtenperature for 20_m né ? washed three tines
with PBS, and stored in | AP overnight. Cells
were perneabilized with 0.5% Triton X-100

( Si gma- Al dr i cDifferentiindng I8ES SiagletGiip r ¥ Wiel Plaes 20

m nutes or at 4C for five mnutes, then washed three

[02? ranIS to‘ﬁ% é&é}lﬁrﬁ%ﬁ %1%%1‘[&&/%? §§%a¥ 0tf@£§' W%l?s%%@?t?rs%se @gtrﬂley are
m nut éﬁfﬁcalﬂt to qumtifyeamdelo abtgrew anerrm‘th @mtglmms bave the
Lo oa BRM R S G e P B e o B SRR
t enpebebierpassadde eﬁﬂ@@ﬁpia]r sgedainy fob exgh¢rimAhtedyaros¢t0 IThée3
chi cken-.ant i oat qlgﬁe | nvi t rs%%ldn Ml ec J ar _Probes,

Car | e%tﬁr%‘teséf&) P 200 H RS ‘Qﬁbonadded to

the cells after washing 3 tines with PBS. To
[0202junt BES HAsap1§ erersualeeiinto Backddd Fievg 5 6-(wallgkits (Perkin-Elmer)

coated with 1:30 growth factor reduced MATRIGEL™ at a density of 14,000
cells/cm®. The cells were grown for three to four days in MEF conditioned
medium and then treated using a DE differentiation protocol. A subset of 40
wells was treated with a standard protocol (10ng/ml Wnt3a, 100ng/ml Activin
A, and 0.5% FBS in DMEM:F12 for two days). A second subset of 40 wells
was treated with the GSK3b inhibitor IX (100nM; EMD Chemicals, La Jolla,
CA) instead of Wnt3a. This was followed by treatment for both subsets for
three days with 100ng/ml Activin A and 2% FBS in DMEM:F12. At the end
of culture, cells were fixed with 4% paraformaldehyde at room temperature for
20 minutes, washed three times with PBS, and stored in 100ul PBS overnight.
Cells were permeabilized with 0.5% Triton X-100 (Sigma-Aldrich), either at
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Platform Laufelfingen, Swtzerland) was added to the
cells for 5 mnutes at roomtenperature. Cells were

wokmbeekighce with PBS and left in 100 mMl / wel PCPBR002068782

i maging to determ ne the nunber of differentiated DE
cells. The plate was read on an IN Cell 1000 Anal yzer
(CGE Heal thcare; Piscataway, NJ) for well-to-well

quant i donf@p&Rulf fof 8 hindkdBes 480 ebr Y midut&t Ak lvBthed three
Treatment wth Wit3a resulted in the hllgh,est nunber of
n|V

cel | Huey with BB angeblpcker with 474 ehigkey serpmtsinvitogemsbibgeen
el |'s gl €At PBY Fo? 3b WRAlite M Fbnf R GaKRD Pridlilpi t or
showed poor cell viability. Cearly, \‘Mt 3a treatnent
al | owentiofigt omIngdiSos] T RS yaDE) ierealilutsg and adgiad in 4%

repr OQMEQerS&uﬁBa@E‘%O 'Hmht%g%%i m&glate ro%g{tp;gfwttﬁggm% Sechitiary

Screeni ng Assays Wt

denonsitibaty, igexattor 4B gfliekepahti goalgl dnetragineMplecular
seedi ' i.atd |.B 9 ] .f

seec PRGBS HLECSONIEINAE, |02 pR LB o s o
det er washax 3 kS WHasERS. 9 Tve vt aeid et dudle 59O/ BeddS (Alexis

pl ates, coated with 1:30 owh factor redyced_ .

VATR! Blello iy sufe et sariegags | w,%&%a hesF bipr 5 pigrtes at
cel I's yual @mpEoim. f Ofi1sIvde Hasd bite M reNGiatidroRado i / well
medi um and then processed in a DE differentiation

exper PR fer impgingtogletegning Sherinber fsifirseniasd Wt eslls.eElced
In tr B{elvya%tr&d%'h afl Iﬁ?{éﬁ rqrg?d ﬁﬁé[lgﬂr Erﬁll? %Icﬁ{hcgf]g;%cataway, I\IU%

substituting the small ecule | Itor for Wit3a
t he DforaictlftemeH pantifiortionrodtdbwimbeydid Sox¢ bsriaingi Agpatment

Wit 3a_( - L.nhi b -
e e
wer e vargbiledbasvtdn veells (Fighe 10QMpeumneht plithshd @R3G/intibitor

Activin A and 0 5% FBS i.n 12 for t day

ol | o eBOthAST RRYURT  IPHE: Tcratrii L Skt G i
100ng fyrn/Sit invd rabit amickegi¥ealiciste inBndMEM J6lwel] Mtmithe end

of the protocol, the cells were fixed, perneabilized,
bl ocked, and stained as descri eﬂ in exanple 11 above
to determne Sox 17 expresSFURPSAd nuclei. The plate
was then read on an IN Cell 1000 Analyzer. This screen
i ndi cated that HSwpding ssppiwigidhES Sthghf CAB conpounds
in a mnner simlar to Wit3a in the DE differentiation

[Onglg:\/lo%g%\re reﬁ&ggl’éa?ing' illgat si%g@qu ralfje d%‘le\ﬁ@tﬁe ﬁ)fsfegcﬁﬁé AR at the
differentiation in 96 well format, sensitivity to treatment with novel
compounds was determined. hES H9scp19 were seeded into 96 well plates
coated with 1:30 growth factor reduced MATRIGEL™ at a density of
14,000cells/cm® The cells were grown for 3-4 days in MEF conditioned
medium and then processed in a DE differentiation experiment. A total of 13
novel compounds were tested in triplicate at a concentration of 1 or 3 uM,
substituting the small molecule inhibitor for Wnt3a in the DE differentiation
protocol. Wells containing Wnt3a (10ng/ml) or Gsk3b inhibitor IX (100nM)
were used as positive controls. All differentiation wells were treated with a
single compound plus 100ng/ml Activin A and 0.5% FBS in DMEM:F12 for

two days followed by two days in the absence of compound with 100ng/ml
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wher eas conpounds B and C were effective at both 1 and
3 MM In the effective treatnent range (greater than

W@ /B0hY positive cells), the standard devi aREDHOS2008/068782
between wells was small. Thus, single cells are
consistent in their ability to identify novel
conmpounds through screeni ng techni ques. Exanple 14

Expangi:@in af angi2OFEs HﬁﬁM@M . 1A tRoddae)r ﬂﬁ%&b@& thel éélls
facilitate scale up for manufacturing goals, hES cel

need Wéreﬁgeéav@rm%abé%% hvekedi #rdstaingdge desgrbadiin P@snple 1 1
Currentdv¥ to &e@érbﬁﬁ%@%? e&ﬁr@s%ﬁ%ﬂ& m‘iéPel pﬁé%%@@w@sﬁﬁerﬁ%h& Sn

is not anmenabl e to scal e- up In roller | es or

shakepn Y gelk $0004EB el |Tdisrsepsemindgpipd éwpﬁﬂ@eal @s@ngmﬁ
as si 9913%0 l s 'ﬁ%{ ﬁ-nlaﬁ&? lﬁmal fot\Mn 9 1&99?? %Ot s ?401{ 0

di fferent surfaces. Ai's exanpl e
wer e pwsgiceld Fagirp bt e itiompbuigics ves emcues&elhesl uM—Iﬁ%ﬂp d&se

were seeded at 14 0 | s/c int 80¢c roller
bot 1 3Ty SIS wes EHIHYE HRebhI R MC OBl
wi th dg@ave eshdaad raﬁlg@vgr&htéremm(%\é%&ﬁw gﬁaé\tem)aus)\lﬁé waRRrd

of 100m. of MEF conditioned nmedi um per bottle were
used fleyigHenSetiepn VRl wasismall. Thusntjagle eslls pie qopkstendyistheir

The botifih &S idRES nSdl c&hlfoc%gdsr @VduBh sdr@hird4edihRuand

increased to 60 rev/hr for the remaining tine. The
cells adhered evenly to the roller bottle and visibly
expanded over the four dayE¥mPldt¢i on period. The
cells were renoved using TrypLE(tm Express and

count ed. RecOVEkyar@uf SidghtHESC am id RelléoBaakd. s per
bottle wer e obtained, indicating a mninmal doubling of

I 1.s ccur are tot i nal edln
102" b GBS Nl DB TR RER SR bty st te Bt
Sﬁededxpiﬁdlddintaﬂdrgé:dfllﬁdntﬁefg Chﬁerftryl ¢cﬁlﬁgetm@§ettkeatnae$1y@gﬁ§shgmg
t hat arger actual ce ans Qccur n, t
roll eﬁE%B‘T Ilse%Dt aﬁ“ﬁ‘?a?le&%ﬁ‘iﬂ?s‘t‘lf‘&tr ?’ﬂ%l S Wégﬁi?éb?%s-h&s
passegelR Sepehtodl exalid dSand afovias@¥RRNERONAVE tRALAK QrEhad
roller bottlesystem Further experinments to determ ne

the exysahsp érffqrf‘é% eriacesn gn it srempleniolprdioitiss yere tested as

pluri ?&Eﬁﬁ@%al@ﬂdp Veps%lsc@@ Gh Qdre EXROB! &1 (i)'écells/cm into a
Transtection of Sin Cells [0205] Introd u0|n?30

DNA i ASQst &plles betde Xoe 19 rCﬁHI% Geniiee, deton, My eatedswigh

usef u&edﬁ@eﬂtg%'v@[h factor MATRIGEL™. Volumes of 100ml of MEF
conditioned medium per bottle were used to maintain the cells, changed every
two days. The bottles were set at 20 rev/hr for 24 hrs and increased to 60
rev/hr for the remaining time. The cells adhered evenly to the roller bottle and
visibly expanded over the four day evaluation period. The cells were removed
using TrypLE™ Express and counted. Recovery counts indicated 13x10° cells
per bottle were obtained, indicating a minimal doubling of the cells occurred
compared to the original seeding. We estimate that less than half of the
initially seeded cells attached to the roller bottle, suggesting that a larger
actual cell expansion occurred in the roller bottles. This demonstrates that

hES cells passed as single cells can be expanded in an automated roller bottle
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The DNA may contain an expression vector or a reporter
gene to facilitate differentiation or to all ow
waetoeoodsen of the cells. hES cells have provenPCT/US2008/068782
difficult to transfect in clusters. However, hES
single cells may be nore anenable to transfection
techni ques. [0206] H9pP33 cells were passed wth
Try pLE(stem. f%m&ee%ﬁermtsstee%ﬂmaé thd@x Gé%gsﬂak@aﬁ&{g VAtPNt o
a 1:30 reduced growt h factor MATRI coat ed
pl at eMajtRyawe O plugpeieicy Wil e exndyfted coI | agenase and
seeded fromone 6cmplate into one well of a 6well
plate coated with 1:30 redggafpenswt h factor
MATRI GEL(tm) . After 3 days, the cells were transfected
wi th CwW-GFP, where GFP I S ex ess n _every cell
under the CW viral ﬁ?‘ﬁfﬁﬁf‘%‘f" B%lﬁl?‘%ﬁgﬁlfy 2 or 4ny
of DNA was diluted in 250 m Opti-MVEM nedi um and 8mi
[0205] Li pofodedigniDNa i20Q611Y tb makt rrageeic ¢dilttopeR Ha wvkful feature
ti- The m xtures are.conbjned after five_.mnute
qO gﬁ%@ﬁp‘@%‘i‘)& 4 AT RIeR Y Sl OF ae%‘?@%‘ﬁ%‘*‘%é? éacmtate
| nc u baireebnfi@tlon20 todIRWL@Rct@in JTARBellE IIIES leatsufaee petare
addingﬁ%qu[lthec IIs ultured in two

NVEF- ¢ tito farplerh Steir% élowemr%%wlwﬂﬁ 2% 8e fioten

VEF c%g{able%ﬁgnsg@qbﬂjmﬁy Y 24 hours thereafter.
After three days the cells were fixed with 4%

r af hyde at rooQ ture f 0, m nut es
[OZB% %3% ﬁf CPRTTES W trypg%%‘ Eﬁlﬁeﬁsé‘fl S¢efieds at 4 oC
over nQ@MOeelTsszbneZQiﬁm £1:30 Rldcel beowik edctir MATRIMED 8 d8ated

(Alexis Platfor was added to the cells for five

m nut BeCatOpgbrall sitfraratcd Méth coliarrsqarbsehtes e dirdem
W th Fﬁt% iAQ8nt & of Dovidl pléte Wedtdd S : @@Fedh@%%’rcﬂ&h @Rtdrhe

IN Cell 1000 Anal yzer to deterni ne transfection
ef fi CP%WG@W%UA er132‘}ay5 Hsels ngleéfaéﬁPqt%d EbGMY -6RB.
fold kv'ﬁ%@f@'l?%ré%dﬁﬁ@%@&h}n%@r tﬁ% ENVBY %Paﬁ}ﬁro%’o% hES

clusters. Therefore, hES single ce have an 1 nproved
tr ansSle@tﬁcaHW @aapéug DQDHAdwarddueém 0 Lﬂ ©pjeViBMi roedifing and

1 ans PSRRI A B PRiulF 1P s B A Ml i

achi ey c@mﬁﬁé@a@lfr &8 birfutds PFORMEABMPdratdfe. Tho gbebie&] leadafts
cell transf ectl on. Exanple 16 Conversion of hES Cell

Ol ust B 1psyPRted Ey 20 miyitesak fpom t%lpq:rattlmit‘ore gdding to the cells

cultured in two ml of MEF-conditioned media. The medium was replaced
with MEF conditioned medium every 24 hours thereafter. After three days,
the cells were fixed with 4% paraformaldehyde at room temperature for 20
minutes then washed two times with PBS and left in PBS at 4 °C overnight.

To counterstain the nuclei, 5 uM Draq5 (Alexis Platform) was added to the
cells for five minutes at room temperature. Cells were washed once with PBS
and left in 1 ml/ well PBS for imaging on the IN Cell 1000 Analyzer to
determine transfection efficiency (Figure 12). HES single cells show a two-
fold improvement in transfection efficiency over hES clusters. Therefore, hES
single cells have an improved transfection capacity and are easier to

genetically modify. With optimization, perhaps using other transfection
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Single hES Cells Cultured on an Extracellular Matrix
Requi res Renoval of Feeder Cells [0207] The passage of
woreewaedasgn cells with enzynes such as trypsin, PCT/US2008/068782
reconbi nant trypsin (TrypLE(tnm)), or Accutase(tm
(invertebrate derived trypsin-like enzyne) is the
current standard for cell culture of both primary and
| T tRlhbdes ré&hls, it AESBe hRsIbRIE 8t c aNElo BRI ARt Ur i Ng
settings. These enzynes produce a honpbgenous single
cel | sugpersnbef sgrlees]ES celh genséegHobe count ed,
anal yzed, mani pul ated and passaged in a reproducible
manner amenable to pIatingEgﬁn?@qgings as diverse as a
hi gh t hroughput format 384 well plate or a multi-liter

scal eable culture vessel . [0208] G.ven the ohvjous
advant a&@gveafwgPﬁl@?i%e@ﬂlu%qggahgfedt%%ee gr &l ayer to
consi @iri%b heS iCRheCaRhreddndavBtARNIa PMABRNREGFAS Removal
human enbryonic stemcells as S|nqle cells. However,

current best practices wi tfFesdsferflSnbryonic stemcell's
require that the cells be passaged in clusters by

[0207]t heTh&paRthat ofimSmbhalidndR11OWith aSSa@esubh b triire R YiBinant
(col I agenase or peutral protease) that. malntains
cl ust BYRILErar y b AT ¢ ot s (npgdebrateduiyed Hypsip-tikh ezyme)

area Rage &M sk@darldTorl BB cAalé ¥R3tIORiRdry 68 Infindri@bedi@N
be passaged as single cells onto feeders (Cellartis

SCEDT s 1n e8¢7egh ang imagafastyiing wHings. Bhesgeney®es predycedm

col | aB&Hé’%%ﬁm@%ﬁl%ﬁedceH 'sﬁ’s?!n%‘io% Jr@eIRithA b G&lohSe®nalyzed,
MATRI GEL(Tm w th Accutase(tm (R Bajpal et ah

2008) mapipglewl apbpasiaged i agapraducdnpmanns gacablspo platingiigl e
cel | WQ?di@ﬁ%@%ﬁa High %@Jgg@ﬁnﬁﬁﬂ i v&uurpE&% b¥a hlBMter

feeders to matrige passage method using
ei t hescalkplpcEfureryesel. Accut ase(tm). The results
i ndicate that taking cluster style feeder based

(02085 S 28%cH fthe[b% 'togl’féldvﬁntgéers GFf Elh%l? tE% ﬁ%}?ﬁ,%& E'&n%‘r%

ei'ther TrypLE ~or Accutas passage W t hout
an i ninggrertdi deveoping p mgfhod pess hemap erslegonio bemgeaas gingle

passagg 0 ﬂ[togreéf\é%ﬁrgﬁl'b(egt@acjtiéeg iwﬂﬁf hl%h %BFla/g}ﬁ% stefh c%hf’

appearanceor a ai erenti ated cel popul ation and IS

t her efegnige thetsthe ¢dllk bt paskaged esaisters by eitheomagehdisrsptamobr

r Obus%)aslé]a%g v&l&ll aln e%%ngeu(rcoellagg%ea%é’l Iortnseutral protease) that maintains
clusters of embryonic cells. Past research in this area has resulted in the
derivation of cells that can be passaged as single cells onto feeders (Cellartis
SCEDTM461 line), or derivation of single cells from collagenase passed
clusters to single cells on MATRIGEL™ with Accutase™ (R. Bajpai et al.,

2008).

[0209] Herein is an attempt to develop a single cell passage method to take hES cells
directly from feeders to matrigel in a bulk passage method using either
TrypLE™ or Accutase™. The results indicate that taking cluster style feeder
based passage of hES cells directly to MATRIGEL™ using either TrypLE™
or Accutase’ " bulk passage without an intermediate step of cluster based

collagenase passage onto MATRIGEL™ is inefficient due to the appearance
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[0210] In an effort to nove to a feeder free culture
of hES cells froma feeder based culture we passaged

wooopassayge 37 hES cells that had been suppor t BGI/D§2088/068782

MEF feeder layer in hESC nedia and grown for 5 days on
10cn? wells of 6 well plates. The cells were passaged
wth either TrypLE(tm), Accutase(tm, or Ing/m of

col | agfem&@remﬁagé’dlc%h pBﬁﬁmo% aadc tﬂ&eﬁmmﬁﬁkslg td RuICElal S,
we aspirated the spent nedia, added 1m (no Ca2+,

or My ql"jlo&eéméé‘@ﬁth@FtlhEsé%F‘Flﬁ‘F‘éd and then added Im
of room tenperature enzyne (coll agenase, Accutase(tm,
or TrypLE(tm)). Accutase(tmMRreults!r YPLE(t ) were used
at stock concentration after reaching room

102 g o SRt o S aaedar e SHEFIVERP £ o e boscd

filtee@the @@gasgdgb@m GhadsOod FAHS deD@thﬁlﬁH}BSc{nasﬁlyﬁcﬁteb) @§ @r e
use. [0212] The cells were incubated in enz

for aneecl&e yerd8 BEPhynedia aw groredeng days e é%maweﬂﬁ H€6
cel | S wkB pRRUPIEL &1y wlefefﬂassfaé&lmlﬁmthgﬂ "ﬁg}?@ﬁmﬁc@mé}sgm or

m nute treatnent. Collagenase did not 1ift cells after
10 mi Aged of pdlssamron, so the cell's were scrapped with
a 10m gl ass pipette after 10-minute incubation. One

(02 of BRRAPIIRRLF A hdto BIVENHE w%%sﬁi@%d&ﬁ@@@nttrﬂed@ﬁﬁdmeﬂmdﬂ

and the conbined total volume in the

t r ansPBP (dCE 0 0AMs0po eeh picllerspigide amd @lﬂb@de%.lval ¢fgoom
sure tdhpefatire é\ﬁ?m@ K’&B@MaQSAE@%eT&eM 'ﬁrgﬁ‘@ET@‘? Sﬁcht'ta@eTM or

[0213] The cells were centrlfu ed for m nut es at
X g fonPbREGwERe vasd i dafk ¢Q§1ﬂg1tramg¢ftwqaﬁnm09mdmmrﬁure

and C%”fl{%gﬁéégg&é Peﬂao@%;{z'@c? %W§e%z&tth§\99 , Thigkd J&}fﬁl ere

t hen resuspende ‘Condi t1 oned a an

at a DMEMF.13, stcaild Hltapert, and\MIBRIeGELl(ewh)rocérii taﬁpeohtdrubefom

in DNEMD coated T25 fl asks, and placed in a 37C,

59002 " humi di fi ed |ncubator [0214] Cell nunber was

cal cul ated by counting with an I nproved Neubauer
[02h2nDc Thoeodls wefdahdubatedh at enwpmeat| 377 € ot 10inirh Abacast Bs@( t m)

had a de gg m |lion ce IIs IIs

hat “TEPRRPY ikl ol GRL: | OtaFci? i RETES Mk hoeriiog

mlli mmm‘:@ﬂréaﬂhenlOCm&gwﬁisd: did Got lifaggkage Masinmed incubation, so

gogn: %%lgg]ésb\geﬁp ?c{r@q%é% Wgﬁt aémg ulg%s&)gpe%tglg eryIO ml}{ute 1ncq)at10n
One ml of 2% Probumin in DMEM-F12 was added to each well and the

combined total volume in the well was transferred to a 50ml sterile conical

tube, making sure to lift and suspend as many cells as possible.

[0213] The cells were centrifuged for 5 minutes at 200 x g followed by an additional
wash with 2% Probumin and centrifugation for 5 minutes at 200 x g. Cell
were then resuspended in MEF conditioned media and plated at a 1 to 3.5 ratio
onto MATRIGEL™ (1:30 dilution in DMEM) coated T25 flasks, and placed
ina 37°C, 5%C02, humidified incubator.

[0214] Cell number was calculated by counting with an Improved Neubauer

hemocytomer. Cells that were lifted with Accutase™ had a density of 3.8
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Accut ase treated cells at a seeding density of 2.72

mllion cells/ T25flask or | O OOCcel | s/cn2, the
waeoophd3pa) treated cells at a seedi ng densit yPQI/652008/068782

mllion cells/ T25flask or | O OOCcel |l s/cnR2. W assune

that Col |l agenase treated wells were seeded at a

simlar density (105,000 to 108,000 cells/cm 2), since

t her eny@sn B9is 2RRME GLRDLEIdh{t Wk LIV viith ﬂF@ NS b Yensity

fromwell to well before enzynme treatne

addi t Pohamifipaglsiksmpwatl.e goligeerpscyprs %éﬁ%@lq P t ed

cel | sh&%cly%%% uDGORUIGRADSER. Aivchilel Y pRASAAIR: plated the

[0215] Cells were maintal hed days wt

|y
changd@scugdse JEFedenhlel pt 4 spding mutsaof%ﬁpnéh@rqe&@l T\Rﬁﬂ%k or
16ng/ %8 OCQF% t‘ﬁ\g Il" Lﬁ“‘d@é/ ‘T’edI Al sgcrd?ngt%ﬁ%%ug (gﬂfiﬁﬁon

wer e contluent, and t e single cell treat
for nedelhbmﬂaglecvra Oé,ﬂOOntEﬂ}s/@e [Vge wistrhe thet@sllagerabe trw(tﬁdet s

For med e gE St s’ Bl Bo 1y EloBlooB B AARET R F Mhike

formed Iar ge cof ony
( Fi guthereldgs. noﬁbleseatﬂeﬂllfﬁremeﬂ’ i@ hERelanyita $waged] @geillrbefore

L e Bt A o RS B el S Bl et fifeding

Tr y pLEflk Mr coantigihupekdssit the nkitfphsshgeom pl astic and
MATRI GEL(t m after a 10-mnute treatnent. Coll agenase
I|ftc S0 ells efuth
[02?%] IS wet renéunltaﬁne{d raéi &gfts Wéﬂ}geﬁyﬁ,'han%ea 3 &[ﬂgﬂcaoPg) G one(a
col | agemas@p‘lénaﬁsﬂedwa& loupinadf vFGh Adeut @sentditure e
single cells were then with an | nproved Neubauer

henoc G BEBrETe cqugvaryiandils sipelcgrell septey bR Rl forped

DVEM bRowass $eR cauldefh I)&aﬁ@ﬁhp(fch(@@ Kf AhbBlhstERAYEBIe
i ncubation, the total volune (~4m) fromthe flask was

pi pet Eletieinsssages sl orned ferassolony @W@éius{eb% S HEPEAY as
nany Qﬁeiglhl% 1@%3 PRSSLAL Grerc &) RUSPENSAQAN Was then

transterred to a 50nl conical tube and centrifuged for

5min at 200 Xx g Cells were then resuspended i n MEF
[02¢@)ndi O BFFsPUHE dpssrissp e SpsY Ee NG R 16 ARy e 2bf 7 bHex,

and th@ﬁlnpkééuea@emcana’%éy&bm Ksus & RAORL 188 hhsds 3@
I\/ATRIGE at a ratio of 1:4.[0218] Accutase(tm

passadbl Y afigradP-rpigute tigatpsnt (olpgenegealid pe diftaells, so
densi Eé(ﬂs gere'afuﬁhépnllé Q[g? ﬁ? hk ﬁlflﬁu%s%# to@a"i %t;@ 7990 THE Ll(i 1t§tﬁf1gl)

TrypLE passage C ter four days in culture,
had acdbagiatyflask was GBechvith Aormtase™ Jhe single c¢1x02ero6en with

cel I/ &mrﬁproxaeﬁ%eubauer hemocytometer.

[0217] Two ml of 2% Probumin in DMEM-F12 was then added to each flask after
enzyme incubation, the total volume (~4ml) from the flask was pipetted up
and down 5-10 times in order to suspend as many cells as possible. The
suspension was then transferred to a 50ml conical tube and centrifuged for
Smin at 200 x g. Cells were then resuspended in MEF conditioned media
supplemented with 16ug/ml of bFGF, and then plated to T25 flasks precoated
with 1:30 MATRIGEL™ at a ratio of 1:4.
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col | agenase passaged cells, after four days in
culture, had a density of 3.45 mllion cells total

W@ 1®8/003% cel | /cnR) . Gven that the cells werBCT/US2008/068782
passaged at a 1:4 ratio, the cells were plated at a
density of 58,000 cell/cmfor Accutase(tn) passage,
51,000 cell/cn2 for TrypLE(tn) passage, and 35, 000

[mﬁl I /@@&tas[eﬁ‘zﬂa%ag&%éll§ a%{i%ultdh%‘m%ﬁﬁ\f@ 20" Rhkity of 5.6
di ti onal days t h dai medi a change of F

condi mﬂbﬁeepllﬁémléi%m)QWéwémt)eEwLEW mevigehiellpfaftogr days
Wi | e Qaiii$, RRASSRAGS a)\f"s.toﬁ nfiftloh @&%Q@éf(lzfs)ﬂgdr?déeﬁfcgﬁ), and

col oni es of dense and honpgeneous cel '
di f f erdhgérasepisfactt olb.ader fonkdrye ol quifuigr mdralensity oé BI48

passaﬁfﬁﬂo déu@ tﬁﬁ?%sati)%(c‘éf‘lmg [ GT&éﬁFHraFrQﬁe@eus%&\é’st%{lgéd at a

over
ov e r g 11 é\mtlwwltemelﬂs wero b]aazsltat :lt déneux:@i 585000 hall/cm? foehycutaseTM

fornmed fra nt pati ng -hiS cel ( r 49
RIS s Tt S TR R S T
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single cell passage.

[0221] Publications cited throughout this document are hereby incorporated by
reference in their entirety. Although the various aspects of the invention have
been illustrated above by reference to examples and preferred embodiments, it
will be appreciated that the scope of the invention is defined not by the

foregoing description but by the following claims properly construed under

principles of patent law.
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d. Differentiating the single pluripotent stemcells.
2. The nethod of claim1, wherein the pluripotent stem
w@edbsoare rel eased as single cells by treat mePtT/vb1008/068782
an enzyne selected fromthe group consisting of
t r ypsiWihat Breyaixh&d(it:n) SELECT, TrypLE(t m) EXPRESS, and
trypsin/ EDTA 3. The nmet hod of claim 2, wherein the
pl uri pote ste S are rel eased as single.cells by
Preat hent G BB T s Rl PR e
claim 2, W@@ﬂs%&‘.n the pI ur| potent stemcells are
rel eased as single cells by treatnent with an enzyne
at a concentration fromabout 0.5 g/1 to about 2.5
g/ 1. 5. The metCiddries theplaripatent stagieeldsian chukferspl ur i pot ent
stemcells are rel eased as single cells by treatmnment
W th an enzy Iy 5 g/l 6.
The net hod o?e ]%aﬁargnngﬁgmﬂb&% Cgﬁ %??lgfgtcél}?t stem
cells are rel eased as single cel I s by treatment with
an enzyne for. dikong thewmgteplalpotent stanveellnbmatiese cultureThe
met hod of cl ai méﬁ, wherein the pluripotent stemcells
are rel eased asU&y tﬁiaé‘dcel |'s by treatment with an
enzyme for about five mnutes.8. The nmethod of claim
3, wherein tQe mkukhRahent s&%l@@]uﬁﬁ&tlelﬁ sRheeNgl eased as
single cells by treatnment with TrypLE(tm EXPRESS at a
concentration fromabout | X to about 0.001X. 9. The

et hodl of Eheanethal ofighein & wherdiethe pluripgiestt stam cellseis rekpsed
TrypLECt m EXURESRIOR Soufilll ik BRIy b s

met hod of cdnaikting3f trvdn, @urpLEH%EmJE@rr PebERY EXPRESS 2l s
are released as_single cells by treatnment with

TrypLE(t m) EXSRESH 40r about two to about five mnutes.
11. The nmethod of claim3, wherein the pluripotent

stem celq sTRr Gh&l GRREA? 'c\%hef»énmle ﬁluﬁﬁ&érﬁ st cbii e ARALed
wi th TrypLE(t m) EXPRESS for about |v

as single cells by treatment with TrypLE" EXPRESS.

4. The method of claim 2, wherein the pluripotent stem cells are released
as single cells by treatment with an enzyme at a concentration from

about 0.5 g/l to about 2.5 g/1.

5. The method of claim 2, wherein the pluripotent stem cells are released
as single cells by treatment with an enzyme at a concentration of about

2.5 ¢/l

6. The method of claim 2, wherein the pluripotent stem cells are released
as single cells by treatment with an enzyme for about two to about five

minutes.

7. The method of claim 2, wherein the pluripotent stem cells are released

as single cells by treatment with an enzyme for about five minutes.
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m nutes. 12. The nmethod of claim 1, wherein the tissue
culture substrate is selected fromthe group
weongietspng of MATRI GEL(tn), fibronectin, | am PCTPS2008/068782

hunman ser um and col | agen. 13. The net hod of claim 12,
wher ei n8t A&¢ pethed,ef C&%mﬁuwberéla Bstniugtpatents tepperRy aerqlsapgd

14. The mg;ﬁ%% RIGEL(tm
is used g?§ gﬂ%%ltsﬁ%ﬁéaﬁn%gnwgmﬁ% to a-kl);out 1: 10.
15. The nebtivedratdn Gbmiabout 4X tavibeneld.001Xhe MATRI GELTM i s
used at a dilution of 1: 10 16 The nmet hod of claim1,

wher ei n t ent, s eIIs ar ryoni c ,stem
cells. %@‘rﬁ’@tﬂﬂiﬁﬁi Mg V. ?Y%EP efémpmasi% eﬁfﬁ%re relcased
embr yom C 2SR &8k by tradt e Wik Mrypl 8™ ERQREXBted Of
claim1, wherein the single pluripotent stemcells are

subsequenpbve@traﬁlﬂ@ﬁfeﬁil ated. 19. A nethod for
mai ntai ning pluripotent stemcells, conprising the

steps OLO @e}net%& 8‘1‘8“4( {3, &Iléfé'hﬁ{e%hﬁ olBtntl'éEelnp&? ?5}% S

cells, easi e’ pluri

singl e cels singlagds by tredBhait ity WEWE@H&SIM%W&QMO
stemcells on_a tjssue culture substrate. 20. The

met hod of 2BQUAfIYS MU CHher ei n the pluripotent stem cells
are released as single cells by treatnment with an

enzyne sehgehglod bQRiMREWALEH Pne%@ﬂ%bt%ﬁt' sﬂ:% é%ils 5k YRS
TrypLE(t m) SELECT, TrypLE(t m EXPRES and psi n/ EDTA.

21, The mes fingle efls by aem@meﬂmﬁn EXi%RRSSLfDn aboutdive
stemcells.are rel eased as single cells by treatnent
with TryplEY$) EXPRESS. 22. The method of cl ai m 20,
wherein the pluripotent stemcells are rel eased as

singl e ¢BiThs mdthod &RifE NHvhabkih Fheaisue RENITEsudbtrate is selected

concentration ™
from the group consisting of MATRIGEL" ™, fibronectin, laminin,

human serum and collagen.

13. The method of claim 12, wherein the tissue culture substrate is

MATRIGEL™,

14. The method of claim 13, wherein the MATRIGEL™ is used at a
dilution from about 1:30 to about 1:10.

15. The method of claim 14, wherein the MATRIGELTM is used at a
dilution of 1:10.

16. The method of claim 1, wherein the pluripotent stem cells are

embryonic stem cells.
17. The method of claim 16, wherein the embryonic stem cells are human.

18. The method of claim 1, wherein the single pluripotent stem cells are

subsequently differentiated.
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fromabout 0.5 g/1 to about 2.5 g/1. 23. The nethod of
claim 20, wherein the pluripotent stemcells are

WO 2doemesed as single cells by treatnment with anP@€npyIv88/068782
at a concentration of about 2.5 g/1. 24. The nethod of

cl ai m 2079 WhgkiRdd o Bﬁnﬁ nﬂ{g' PRRIpERAt sEhPANIS bnSridcBhe steps

rel eased as single cells by treatment with an enzyne
for about ®©fiwo to about five minutes. 25. The nethod of
cl ai m 20, wherein the pluripotent stemcells are

rel eased as sin h an enzyne

o Coent UFi v bl R AR IT N Wk B2, enZY!

wherein the pluripotent stemcells are rel eased as

si ngl e cel | s hyRéleRiag tiemluripbicht steiy@UE{S sifgXRRESR] at a
concentration from about | X to about 0.001X. 27. The
met hod of cl ai t he [J| uri potent. stemcells

are rel eased & %lgﬁ%dheesl%giq @gﬂwn YERETHEAP 2R culture
TrypLE(t m) EXPREG&Kale. @ concentration of 1 X 28. The
met hod of claim21, wherein the pluripotent stemcells
are released as single cells by treatnent with

Tr ypLE( t 2. ErPRESS] diclaimb Buwheraibthe plugibasertt steimeellsrre ut es.
29. The net t he

e ool 1o e SRR s AL oG BB B8 e
wi th TrypLifdup)&EXRRESS thypdin, abguie"fSpeon, myipes ™ BORERREe
nmet hod of claim 19, wherein the tissue culture
substrate P8l E@SBEYIAfrom the group consisting of
MATRI GEL(tn), growth factor-reduced MATRI GEL(t m

fi bronectj 'Thq? hlal'ﬁgl m %Ilﬂléﬂaﬁhe%?ﬁ ﬁﬁg}%ﬁlﬂ?ot&ﬂl e AQEH ardL-

The nmet hod o wher ei n i ssue culture
substrate irdeagedoamsingleacitsdy-iradenedtVATIRIEEEXPRESS. 32.
The method of claim31, wherein the growth

;ggb? ' 1r gglﬂ% %/A %{ﬁl c%pf%{) W herdin e pﬁmpoten% s 4pd Q0 From
released as single cells by treatment with an enzyme at a concentration

from about 0.5 g/l to about 2.5 g/l.

23. The method of claim 20, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme at a concentration

of about 2.5 g/l.

24. The method of claim 20, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme for about two to

about five minutes.

25. The method of claim 20, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme for about five

minutes.

26. The method of claim 21, wherein the pluripotent stem cells are
released as single cells by treatment with TrypLE"™EXPRESS at a

concentration from about 1X to about 0.001X.
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33. The nethod of claim32, wherein the growh

factor-reduced MATRIGEL(tm is used at a dilution of
wa:2®0/006399 The net hod of claim 19, wherein thePCT/US2008/068782

pluripotent stemcells are enbryonic stemcells. 35.

The met hod. THe nfetiRid ¥ &dim YN §h&kiR tltetmurq)t;t%vs@dﬁt ell§ higm
cells are human. 36. The nethod of cl ai mﬂ@ wher ei n

t he singl e mpleased protingti cely l@hﬁr%ethnswah @WﬁhEs@é@@ﬂﬁSW a

differentiaf géjentrgiyon A gethod for passaging pluripotent
stem cel | s, nprising the steps of: a . Obtaining

clusters of pI ur| potent stemcells, b. Releasing the
pl uri pot éﬁtTt&tnmﬂtodelftlsinaSl szihergilneheqﬂtltrlpetent stenPtedt kieg t he

o P R Rl g ol 7L SN
cells to exaggﬁ%?%aboﬁqiveﬁﬁﬁlﬁ& the single pluripotent

stemcells, and Plating the single pluripotent stem
cells on a new tissue culture substrate. 38. The
met hod ofR29cThginmtl®d of vthlet%li, thrhle thel pluripotsnietam edfleanecel | s

are rel eased sin

noyne ser dolba From ol Salab R LORHE e RER G
TrypLE(t m SBbEEhe mikw@LE(t M) EXPRESS, and trypsin/ EDTA
39. The nethod of claim 38, wherein the pI uri potent

stemcells are rel eased as single cel trea
with TrygPg h@rﬁ@@ﬁﬁﬁéem Wowhergia ﬂt?étsﬂk?&utﬁlfre &ubatr'cm lsselected

wher ei n thefrdﬁ%‘dﬁ% R EisHAATMRTR BN LB ARER rifced

single cell tment an enzy)
concent r at IMATRI(G)Tthh'ﬂ»mne@mﬂagﬂrﬂn thomabeutm shdxolidgtn. 41.
The net hod of claim 38, wherein the pI uri potent st em

gﬁl leﬁzfll r laﬁil ilwﬂ@galfl :{hg lgﬁerglp tl§> tgs /ciftuergartﬁurgetﬁ%ls growth

met hod of chabhiedRed NAGREGHL Bhe pluripotent stemcells
are

32. The method of claim 31, wherein the growth factor-reduced
MATRIGEL™ is used at a dilution from about 1:30 to about 1:10.

33. The method of claim 32, wherein the growth factor-reduced
MATRIGEL™ is used at a dilution of 1:30.

34. The method of claim 19, wherein the pluripotent stem cells are

embryonic stem cells.
35. The method of claim 34, wherein the embryonic stem cells are human.

36. The method of claim 19, wherein the single pluripotent stem cells are

subsequently differentiated.
37. A method for passaging pluripotent stem cells, comprising the steps of:
a. Obtaining clusters of pluripotent stem cells,

b. Releasing the pluripotent stem cells as single cells,
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rel eased as single cells by treatnent with an enzyne
for about two to about five mnutes. 43. The net hod of
w@b@onv6389 wherein the pluripotent stem cells BCEUS2008/068782

rel eased as single cells by treatnent with an enzyne

for about fi ve Matigtlesinghpluripbentieniats of a tidsad ¢ultd,
wherein the plurjpotent stemcells are rel eased as

single cells by"$Sast nent with TrypLE(tn) EXPRESS at a
concentration fromabout | X to about 0.001X 45. The

met hod of cl @i MBRin @tis%wpmhﬁotﬁk Hémegtse@txpaﬁ@m cells
are released as single cells by treatnent w't

TrypLE(t m) EXPRESS at a concentration of IX 46 The
met hod of cl &i RcBysinghesiagla plupotpitsiempselemd st em cel I s
are released as single cells by treatnment with

TEYPLEC ) X e R PR e

stem cel | s are suiltrei@sed as single cells by treatnent
wi th TrprE(tn)EXPRESS for about five mnutes. 48. The
t he tissue cul tur

met hod I a| 37, ghe i
Subst r at & 1% BEPEH sl o b ke B B‘H‘ibpoéeé‘ﬁ%ti’fgf?lﬁﬁreof
MATRI GEL(t eraseg ra.@é’iﬁé]e Eéi‘lg bPtredtRoH 6o aﬁ/ﬁl%%é&mfaogl the

fibronectin, Iam nin, hunan serum and col | agen :

The net hodgroﬁp @inastmgzb@ irymsire T eiphEt ELECE s Treplotil| EXPBESS,
substrate | %& f.actor-reduced MATRI GEL(tm). 50.
The et hod @9 wherein the growth
factor-reduced MATRI GEL(tm) is used at a dilution from

about 1:B0Thom@hqlif clhind 88, vhireinltheplogpoadsteth c@llsakem 50,
wherein the growh factor-reduced MATRI Gol lf]{ r{_]);ﬁ i s used
at a di | ut AR Ingoselishy tRcaIhaB IS dPst

wherein the pluripotent stemcells are enbryonic stem

cell's. 5@ Tﬂ—metﬁ'&ﬂmﬁlrﬁ% %h@fefﬂ BpuMfR et LAR are

errbryonl c stemcells are
released as single cells by treatment with an enzyme at a concentration

from about 0.5 g/l to about 2.5 g/l.

41. The method of claim 38, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme at a concentration

of 2.5 g/l.

42. The method of claim 38, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme for about two to

about five minutes.

43. The method of claim 38, wherein the pluripotent stem cells are
released as single cells by treatment with an enzyme for about five

minutes.

44, The method of claim 39, wherein the pluripotent stem cells are
released as single cells by treatment with TrypLE"™EXPRESS at a

concentration from about 1X to about 0.001X.
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54. The nethod of claim 37, wherein the single
pluripotent stemcells on a new tissue culture

W@ aipsneEhe are passaged onto anot her tissue cuP€TIUS2008/068782
substrate by releasing the cells and plating the
r el eased4&dht smethod of daimt3Rewhdr¢is tuelcipbtentsemsaesire at e.

55. The net hod of cl ai 7, wherei. he si
pl uri pot e_mrgsﬁs sciefslhy t@@%@ﬁ%ﬂhﬁ%@@%"&ﬁ ata
di fferenti abQdntration of 1X.

46. The method of claim 39, wherein the pluripotent stem cells are
released as single cells by treatment with TrypLE"™EXPRESS for

about two to about five minutes.

47. The method of claim 39, wherein the pluripotent stem cells are
released as single cells by treatment with TrypLE""EXPRESS for

about five minutes.

48. The method of claim 37, wherein the tissue culture substrate is selected
from the group consisting of MATRIGEL™, growth factor-reduced

MATRIGEL™ fibronectin, laminin, human serum and collagen.

49. The method of claim 48, wherein the tissue culture substrate is growth
factor-reduced MATRIGEL™.

50. The method of claim 49, wherein the growth factor-reduced
MATRIGEL™ is used at a dilution from about 1:30 to about 1:10.

51. The method of claim 50, wherein the growth factor-reduced
MATRIGEL™ s used at a dilution of 1:30.

52. The method of claim 37, wherein the pluripotent stem cells are

embryonic stem cells.
53. The method of claim 52, wherein the embryonic stem cells are human.

54. The method of claim 37, wherein the single pluripotent stem cells on a
new tissue culture substrate are passaged onto another tissue culture
substrate by releasing the cells and plating the released cells onto

another tissue culture substrate.

55. The method of claim 37, wherein the single pluripotent stem cells are

subsequently differentiated.
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