PLURI POTENT STEM CELL CULTURE ON M CRO- CARRI ERS FI ELD OF THE | NVENTI ON The
present invention clains priority to application serial nunber 61/1 16, 447,
filed Nowsotrero/@07752008. FI ELD OF THE | NVENTI ON The pr e®€mtus2e09m6306DN | S
directed to nethods for the growh, expansion and differentiation of
pluripotent stemcells on mcro-carriers. BACKGROUND Pl uri potent stem
cells, such as, for exanple, enbryonic stemcells have the ability to
differentiate into all adult cell types. As such, enbryonic stemcells may

be a source of_.r d ti f s_tha ave been
damaged as a &E&ﬁﬁbqﬁfﬁgﬁi%ggﬁi&Fﬁﬁe€bﬁgﬁﬁsﬁﬁﬁﬁSﬁﬁgﬁﬁ%gﬁ> S el ities. The
potential for enbryonic stemcells to be enployed as a repl acenent cel
source i s hanpered by the drifLDWEFYTHE INVIDEDIONNG the cells in vitro
whil e maintaining their pluripotency. Current nethods of culturing

undi fferentiated _enbryonic stemcells require conplex culture conditions,
such as, Thopresses gycationcelpimprnriogity teandhipstipgricdalaruarhcs 81/1860.447.tfHed pr esence of
a feederNgg&hb&g%e%xmAlternatively, medi a obt ai ned by exposure to feeder
cell cultures may’ be used to culture enbryonic stemcells. Culture systens
t hat enpl oy these nmethods often use cells obtained froma different species
than that of the stem cel | sFHELPDOEIHE ¥NVENTKENogenei c cel | s).
Additionally, these culture systens may be suppl enmented with ani mal serum
Enbryoni g, stem cel | s.provide otential resource for.reseatch and drug

scr ent nghe eV BteRich Papgeed el Rn fsg oS Rundiioais JifretEhieh ool
l'ines i soffleRp&emistcen &R drmitdesrisgbst antial chal l enges. Current in vitro
nmet hods to propagate pluripotent stemcells are carried out in tissue
flasks on planar surfaces pre-coated with extracellular matrix (ECM
proteins or feeder cells. PlanarBAUKGREINPso require frequent
subcul turi ngbecause their limted surface area cannot support |long-term

growt h Of’luﬂbb‘{ehtp&érﬁ REISEER as, for example, embryonic stem cells have the ability to

differentiate into all adult cell types. As such, embryonic stem cells may be a source of

replacement cells and tissue for organs that have been damaged as a result of disease,
infection, or congenital abnormalities. The potential for embryonic stem cells to be
employed as a replacement cell source is hampered by the difficulty of propagating the

cells in vitro while maintaining their pluripotency.

Current methods of culturing undifferentiated embryonic stem cells require complex
culture conditions, such as, for example, culturing the embryonic stem cells in the
presence of a feeder cell layer. Alternatively, media obtained by exposure to feeder cell
cultures may be used to culture embryonic stem cells. Culture systems that employ these
methods often use cells obtained from a different species than that of the stem cells being
cultivated (xenogeneic cells). Additionally, these culture systems may be supplemented

with animal serum.

Embryonic stem cells provide a potential resource for research and drug screening. At
present, large-scale culturing of human embryonic stem cell lines is problematic and
provides substantial challenges. Current in vitro methods to propagate pluripotent stem
cells are carried out in tissue flasks on planar surfaces pre-coated with extracellular

matrix (ECM) proteins or feeder cells. Planar cultures also require frequent subculturing



cells. Mcro-carrier-based nethods of pluripotent stemcell culture may
provide a solution. Mcro-carriers have a high surface-area-to-volune ratio
and, therwbanw/5e175m nate the surface area restriction @CTFISOM9065062
pluripotent stemcells on planar surfaces. For exanple, Fok et al disclose
stirred-suspension culture systens for the propagation of undifferentiated
ESC - mcro-carrier and aggregate cultures (Stem Cells 2005; 23: 1333- 1342.)

I n anot her exappl e, .Abranches et al disclpse the testi Q t odex 3(r)
(GE Heal 'P?‘Pé‘é%eetﬂ@if TRIIRE SEHREE STCaNGHOLSURPQLE @BSﬁ?j‘HégrﬁlWéli‘ BP@BPP‘P% USf8%e up of a

dextran gafr ivicM-ddirid-15Rkd ARARAL éﬁ’lﬂhrlgéteﬁtfk%‘eﬁ BeIf &ARird Ray pkvi@Di ity to
support the expansion of the nouse S2 line in spinner flasks

(Bi ot ec hmmtlonaM@ngcarglersa@@@a)h;ghpqcurfaqezarea-td_mllm)e o amb ttheefoexanpl e,
U8200702q4713 for cultivati ng und| fer ertl ated stem
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cells on mcrocarriers in vessels. In another exanple, WX2006 137787

di scl oseF& &ampRNFOK ef Aaliscle WELEl- Mﬂﬁeﬁki&mmég@teﬂﬁ%f e padpR gt & or
mcro-carrjers, such as beads, attached to a solid support, such as a mcro

titer pl @ﬂdé erﬁ@ﬁlat@%ESQumﬂlicma@%r@ﬁ el aggrepate shltargs (tem 2803:2 &1 833+ n
anot her WO2008004990 di scl ose a nethod of pronoting the
attachrren surV| val and/or proliferation of a stemcell in culture, the
met hod corrprl sing culturing a stemcell on a positively-charged support
sur f ace. Inl anodreo txmmnplexslrphehes W@iﬂsublsé tbAtestingadf dgeocbxﬁi@((éﬁﬁealnhcare

conpri si a sup t surface; and a nt heti c ttachrrent epti de bound
Co T he shihSFienear b TiHEPSRHS P SoRIharTE 8ol ACRHEM MERyHERE | de | s

char act egd|zgeh e@t%@ﬁrﬁb@fbrn@ a8ty B fuppd@Ehcakp SIS Y OMhE ndL§S BLES Or a
mul ti potent cell. SUMVA resent invention provides nethods for the

growt h, estplarsinopinaerdflasks ﬂhp@nﬁ) @t Bioann V6027 put. At 1-d€@ cel | s on
mcro-carriers.ln one enbodi nent, the present invention provides a nethod

for the B{é%l%ﬁ%?%xé%ﬁ‘p18,stzoo7oz64713 disclose a process for cultivating undifferentiated
stem cells in suspension and in particular to a method for cultivating stem cells on micro-

carriers in vessels.

In another example, WO2006137787 disclose a screening tool is used which comprises
particulate matter or micro-carriers, such as beads, attached to a solid support, such as a

micro titer plate, for the cultivation of cells on said micro-carriers.

In another example, W02008004990 disclose a method of promoting the attachment,
survival and/or proliferation of a stem cell in culture, the method comprising culturing a

stem cell on a positively-charged support surface.

In another example, W0O2007012144 disclose a bioreactor, comprising: a support surface;
and a synthetic attachment polypeptide bound to the support surface wherein the
synthetic attachment polypeptide is characterized by a high binding affinity for an

embryonic stem cell or a multipotent cell.
SUMMARY

The present invention provides methods for the growth, expansion and differentiation of

pluripotent stem cells on micro-carriers.



pluripotent stemcells, conprising the steps of: a . Attaching a popul ation
of pluripotent stemcells to a first volune of mcrocarriers, b. Culturing
t he pl uriwotzerwosgt7em cells on the first volume of m cr oPCAMSR@VDHE5062 .
Renmoving the pluripotent stemcells fromthe first volume of

mcro-carriers, and d. Attaching the population of pluripotent stemcells
to a second volunme of mcro-carriers. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1: Rho-kinase inhibitor. pranotes. attach nd growt.h of human

enbr yoni @‘%ﬂc@eﬁ%ﬁ@g}m‘éﬁtttge Ay FIP%PEO.V“?@ﬁ&d%H%ﬂOHg‘GdE PAEPPBHGh in static
culture %lgﬁpgteﬁl@g&n@alsﬁb&h%ﬁé e spAnspp-carriers (Solohill, M). The cells
were cultured in nouse enbryonic fibroblast conditioned nmedi um ( MEF-CM
with or without I OrM Rho Kinase inhibitor, Y27632 ((Sigma-Adrich, M) A
and B, respecti fthshing Fpguation of pHgipegdnt stegraslip taomfirst gplomsafmieios. HY cel | s
were allowed to.attach to various mcro-carriers and placed on a rocking

pl at f or m at 370C"™Pl astic micro-carriers, ProNectinF micro-carriers,

H LLEX(r)Il mcro-carriers (Solohill, M), and Plastic Plus mcro-carriers,
were used (A bBCullurif the phepotenebtyn. ce(ls omtHe fakt wilude dbscrslaamiees, cel | s on
H LLEX(r)I1l (Solohill, M) wth best cell attachnment to the mcro-carriers.

Arrows identify_ cells formng aggregates. without attachpent to fhe

mi cro- carri er$. RepgYipg the PTu‘ilngtE‘g%Fe“gF%fsif@é? IS T WHTHS BF BIGRERTERS . 1o
cells were atjached to HILLEX(r)Il mcro-carriers, ProNectinF
mcro-carriers, Plastic Plus mcro-carriers, and Plastic mcrocarriers
(Solohill, M) and placed in a 6 well dish on a rocking platformat 370C in
the presence of Attaching 2 pegelai®i ghplunpeieitcem Mbs tandedBR-vOMmTdle i niti al
cell seeding densit%. is the value at day 0. Day 3 and day 5 cell nunbers
are shown. Fi gUWf8°4*™ A" cell images after attachment to mcro-carriers.

| mages of cells at days 3, 5 and 7 are shown attached to ProNectinF

m cro-carriers, Plast BRIEFRBESCRIPTION OB THEDRAWIAKESC mcro-carriers.
The cells were growmn in MEF-CMwith | OvM Y27632 (Si gna-

Figure 1: Rho-kinase inhibitor promotes attachment and growth of human embryonic
stem cells to micro-carriers. Images of H9 cells grown in static culture for 2 days on
HILLEX®II micro-carriers (Solohill, MI). The cells were cultured in mouse embryonic
fibroblast conditioned medium (MEF-CM) with or without 10uM Rho Kinase inhibitor,
Y27632 ((Sigma-Aldrich, MO) A and B, respectively).

Figure 2: HO cells grown on micro-carriers. H9 cells were allowed to attach to various
micro-carriers and placed on a rocking platform at 37°C. Plastic micro-carriers,
ProNectinF micro-carriers, HILLEX®II micro-carriers (Solohill, MI), and Plastic Plus
micro-carriers, were used (A, B, C, D respectively). Growth after 3 days showed cells on
HILLEX®II (Solohill, MI) with best cell attachment to the micro-carriers. Arrows

identify cells forming aggregates without attachment to the micro-carriers.

Figure 3: H9 cell proliferation on micro-carriers. H9 cells were attached to HILLEX®II
micro-carriers, ProNectinF micro-carriers, Plastic Plus micro-carriers, and Plastic micro-
carriers (Solohill, MI) and placed in a 6 well dish on a rocking platform at 37°C in the

presence of 10uM Y27632 (Sigma-Aldrich, MO) and MEF-CM. The initial cell seeding

density is the value at day 0. Day 3 and day 5 cell numbers are shown.



Aldrich, M) in a 12 well dish on a rocking platformat 370C. Cells forned
aggregat es independent of binding to Plastic Plus and Plastic

m cro- carwoeps/(sarrsows in G H). Figure 5 : H cell inages/usaencast achment
to mcro-carriers. Imges of cells at days 3, 5 and 7 are shown attached to
Cytodex 1(r) mcro-carriers, Cytodex 3(r) mcro-carriers (GE Healthcare
Life Sciences, NJ) and H LLEX(r)Il mcro- carrl ers (Sol ohill, The cells

were gro in - vvith OM Y27632 rraAI 12 wel |
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denS|ty is the value at day O Day 3, 5, and 7 cell nunbers are shown. The
initial EBeerh 519Hd1eal$imggewaﬁteﬂa3taelﬁﬁemed> hedron@ricas Inmgics af exdls byddyse, Bi ne.
Figure 7 : C roliferatiqgn m cro-carr i n_various

concent 14 bife SBrvaftben L Eviodfs BP -l fafe Jp SRR THer SOFiel

pl at e onggafReki e fiddctomm) @ﬁ'&jH@EHEX@iI ﬁtcr@l@yrrér@(rsalom qdetrgE akine

attachment and proliferation rate. A |s were grown in MEFCMwi th 1,
2.5, 5, werelgr@MWEﬁGQM&tgdﬁuM i ALGR o4 (Sl\gﬁ)a. -ABIricdHOME®) ihe Revd! ¢jslovmai n
VEF- CM wi t i’é 1, 2,.5,.0r 5nM @ ycyl-H 1152 di hydrochl oride (Tocris, M.
Fi gure 8¢ ing rlatfora afd/ - grown in decreasing concentrations of Rho kinase
inhibitors. H p38 cells were grown in the presence of Y27632

(Si gme- ARdyiah, HW%II gfoh@ﬁ(ﬁéﬁ OI{_hl}Cl‘ %aﬁliewcﬁPgais%érggllé\;‘?&tro' RtacMd for two
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Plastic micro-carriers (Solohill, MI) and placed in a 12 well dish on a rocking platform at

37°C in the presence of 10uM Y27632 (Sigma-Aldrich, MO) and MEF-CM. The initial

cell seeding density is the value at day 0. Day 3, 5, and 7 cell numbers are shown. The

initial seeding density was 13,333 cells/cm’, as indicated by the line.

Figure 7: HO cell proliferation on micro-carriers in various concentrations of Rho kinase
inhibitors. Cells were grown in a 12 well plate on a rocking platform and counted at day
4 and 7 to determine attachment and proliferation rate. A. H9 cells were grown in MEF-
CM with 1, 2.5, 5, or 10uM Y27632 (Sigma-Aldrich, MO). B. H9 cells were grown in
MEF-CM with 0.5, 1, 2.5, or 5uM Glycyl-H 1152 dihydrochloride (Tocris, MO).

Figure 8: HI cells were grown in decreasing concentrations of Rho kinase inhibitors.
H1p38 cells were grown in the presence of Y27632 (Sigma-Aldrich, MO) or Glycyl-H
1152 dihydrochloride (Tocris, MO) for two days at decreasing concentrations (10 uM /5
uM, 2.5 uM /0.5 uM or 1.0 uM /0.5 uM) or at 0.25 uM Glycyl-H 1152 dihydrochloride
(Tocris, MO) continuously. Cells were allowed to attach to HILLEX®II (Solohill, MI),



Figure 9 : Determnation of cell attachnment to mcro-carriers at different
seeding densities in spinner flasks. H cells were seeded onto Cytodex 3(r)
(GE Heal tWwoanw/ishfie Sci ences, NJ) m cro-carriers at theprdeEnscammssob: sted on
the left; Low (0.4 x 104 cells/cnm), Md (1.2 x 104 cells/cnR) or H gh (3 x
104 cells/cn2) . At 3, 5 and 7 days the cells were inmaged and the
percentage of micro-carriers with cells attached was determ ned (enbedded

in inage . Fi e 10: I m cr.o-carri i nner. flasks is
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Cyt odex @éﬂ&w&%ﬁoﬁﬁé&5ﬂ§%ﬁ%dbh&@sESM% . NJ) mcro-carriers at the
densities listed on the left; LOow (0.4 x 104 cells/cn2), Md (1.2 x 104

cells/cn) or Hgh (3 x 104 ceIIs/ch) . At 3, 5 and 7 days the cells were
di ssoci abigdrad % opeteeinaiie ofF @HW@@?@@%MH@@W@@@YS audgflfnfrentmedlngti@rsmea ation
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cell's/cnR), x 104 cge s/cqﬂ) or |gh §3x 104 cells/cn?) . At 3, 5

2
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The fold e%kfc%fgtég? bf'm?c%-lca&%%f;ch bals%gt?%éd‘é]&é{gfdg?eggﬁe}i égfgbfﬁﬂhﬂ‘eg density.
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Life Scimmpes, NJ) were imaged after 7 days in culture. The cells received

VEF- CM wi t hout Rho ki nase i nhi bi tor from day3 onward. The cells remai ned
and di ssoci ation
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Figure 11: Determination of cell growth rate on micro-carriers at different seeding
densities in spinner flasks. H1 cells were seeded onto Cytodex 3® (GE Healthcare Life
Sciences, NJ) micro-carriers at different densities (day 0); Low (0.4 x 10 cells/cm?), Mid
(1.2 x 10" cells/cm?) or High (3 x 10* cells/cm®). At 3, 5 and 7 days the cells were
dissociated from the micro-carriers and counted. The fold increase in cell number is

shown versus initial seeding density.

Figure 12: H1 cells grown on Cytodex 3® micro-carriers (GE Healthcare Life Sciences,
NJ) were imaged after 7 days in culture. The cells received MEF-CM without Rho

kinase inhibitor from day3 onward. The cells remained attached to the micro-carriers.

Figure 13: H9 cells growth and dissociation of H9 cells on HILLEX®II micro-carriers
(Solohill, MI). A, B 10x and 20x images of H9 cells grown for 6 days on HILLEX®II
micro-carriers (Solohill, MI). C, 20 x image of cells dissociated from HILLEX®II
micro-carriers (Solohill, MI) for 10 minutes with 0.05% Trypsin/EDTA. D, 20x image of
cells dissociated from HILLEX®II micro-carriers (Solohill, MI) for 10 minutes with

TrypLE™ Express.



(Solohill, M) on a rocking platform were dissociated with TrypLE(tm
Express or 0.05% Trypsi n/ EDTA. The nunber of cells and their viability is
shown, AwoadoB/osewpectively. Figure 15: D ssociation of pAr/useétvmeiosnm
mcro-carriers. H cells grown on Cytodex 3(r) (CE Healthcare Life
Sciences, NJ) in a spinner flask were dissociated wwth TrypLE(tm Express
(I'nvitrogen, CA) Accutase(tm or Col | agenase (| Om/ni). The nunber of

cells an the Jabl|lt A. and B respectijvel

cel |5 gr bireol: Aftsresigtiopbf FOSSHIOHP Mk poicty dTesstbieanth b b Exhdhs or
bet ween o(}‘dlﬁ’ﬂ %IE))glneJ &cklﬁg%%&%nyweﬁé%ﬁbcﬁt%ﬁ%Q?T&ELW ExBHlc\EY ¢ 8895
passages on HILLEX(r) Il ol ohi | M) mcro-carriers in a spinner flask.

Cel I s welfepsiolkRDEA. &\hemymbemf @Bllslaybthamdighba gz agedvwnhdrmndds tespecgiacliyed 1-2 x
105 cells/cnR. Figure 18: H9 cells at passage 43 were grovvn for 5 passages
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Heal thcare Life Sciences, NJ) mcro-carriers express of pluripotency

pr ot ei nsFigRaskadgd9 d:elts@rbwnmerLhEK@W&‘Ba]@hiﬁleﬁ))micT&earrﬁrs&h ndtitguosfer 20: H
p49 cells were grown for 5 passages on Cytodex 1(r) mcro-carriers (CE
Heal t hcaP@WVEFT RIGRCBHICES, NJ) in a spinner flask. Cells were counted every
2 to 3 days and passaged when cells reached 4-8 x 104 cells/cnR. Figure 2
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Figure 18: H9 cells at passage 43 were grown for 5 passages on Cytodex 3® micro-
carriers (GE Healthcare Life Sciences, NJ) in a spinner flask. Cells were counted every 2

to 3 days and passaged when cells reached 1-2 x 10° cells/cm”.

Figure 19: Fluorescent-activated cell sorting (FACS) shows pluripotency of H9 cells
grown in spinner flasks. A, The majority of H9 p43 cells grown on HILLEX®II
(Solohill, MI) micro-carriers express of pluripotency proteins. Passagel and 3 cells were
not evaluated for TRA-1-81. B, The majority of H9 p43 cells grown on Cytodex 3® (GE
Healthcare Life Sciences, NJ) micro-carriers express of pluripotency proteins. Passagel

cells were not evaluated for TRA-1-81.

Figure 20: HI1 p49 cells were grown for 5 passages on Cytodex 1® micro-carriers (GE
Healthcare Life Sciences, NJ) in a spinner flask. Cells were counted every 2 to 3 days

and passaged when cells reached 4-8 x 10* cells/cm’.

Figure 21: H1 cells at passage 49 were grown for 5 passages on Cytodex 3® micro-
carriers (GE Healthcare Life Sciences, NJ) in a spinner flask. Cells were counted every 2

to 3 days and passaged when cells reached 1-2 x 10° cells/cm”.



grown in spinner flasks. Figure 23: Popul ation doublings of H and H9 cells
on mcro-carriers. Popul ation doubling tines were calculated fromday 3 to
t he day oWopamwagi’ag (day 5,6 or 7). Figure 24: H9 cel | ecraistemmesoen
mcro-carriers in defined nedia. The cells were cultured on H LLEX(r)II
(H1, (Solohill, M)) or Cytodex 3(r) (C3, (CGE Healthcare Life Sciences,
NJ)). Cells were cultured on mcro-carriers in one of the follow ng nedi a;

nTESR (St.enCe]| Technol ogi es, Vancouver, ada), StenPro or F-CM 10 niV
Y27632 ( ,gurﬁ‘s%néuwﬁaqeflwctweﬁf}(cgﬁ Sgrtigg ﬁﬁ%@&@vﬁs uripesengy R B SERS or i de (H,
(Tocris, oM)inWpenddeiges to the media. Gowth rate at 3, 5 and 7 days post
seedi ng was determned. Figure 25: H cells at passage 38 were cultured on
mcro-carriers in defined media. The cells were cultured on H LLEX(r)II

(HI I, (Sbigotsi33:,Papulariondogylingd ek H3 (any HGZ:]ls pamikkeatartierar BopulitéonSci ences,
NJ)) mcro-¢carriers. Cell e _cul tur n mcro-carrie i.n,one of the
ol 1 o rgRaTE SRS Sipechi Bt BB dtvet oy 85 Sy GaRRUELE0D dedhaday - stenpro
and MEF-CM 10 mM Y27632 (Y, (Sigma-Aldrich, MJ)) or 2.5 mMdycyl-H 1152

di hydr ochigard 2He {Hcel(sTattuicd , onviico-vascddal defined rhdvka. MElE &ells Fedvkditured e at 3,
5 and 7 days post seedi ng was determ nfd. Fi e 26: H cells at passage 50
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3, 7, or ays I n a spinner | mrages o O cells grown in
NMTESR ( StSeertetll TéembhglissglyescouvanCanaday, StécaPica) MBFI&V. 30 uk Yare®® days.
Arrows identify cell clusters not attached to the mcro-carriers. Figure

27: Di ffer.diignrflshichs M2 8w {dyye Pt vh dlydrachierideddb dTeariseMGes i n
Spy nner f'é"f&‘d%d e dE! b?ov?@%éé?,tgi%ngi%e&%rs Egﬁg%&ﬁge%’vaé hef‘@%nﬁih el

Cyt odex ‘gﬁr mcro-carriers ciences, H cells
at passage 49 were passaged five tines on Cytodex 1(r) mcro-carriers (GE

Heal t hcaFgutd I% ISt ceiyce passhil) 38 Botclvuttatcd ohypies-veeriers i fasddnddianTliide

mcro-carrjers and seeded ont TRl GEL D Bi osci ences
celfs were cultured on HILLEX®II (HII, (%Ohl(IEMI%O 6ytodex 3® (8%? (GE

Healthcare Life Sciences, NJ)) micro-carriers. Cells were cultured on micro-carriers in
one of the following medias; mTESR (StemCell Technologies, Vancouver, Canada),
StemPro and MEF-CM. 10 uM Y27632 (Y, (Sigma-Aldrich, MO)) or 2.5 uM Glycyl-H
1152 dihydrochloride (H, (Tocris, MO)) was added to the media. Growth rate at 3, 5 and

7 days post seeding was determined.

Figure 26: H1 cells at passage 50 were cultured on HILLEX®II (Solohill, MI)) micro-
carriers with defined medium in a spinner flask. A, Images of H1 p50 cells grown in
MEF-CM after 3, 7, or 9 days in a spinner flask. B, Images of H1 p50 cells grown in
mTESR (StemCell Technologies, Vancouver, Canada) after 3, 7, or 9 days. Arrows

identify cell clusters not attached to the micro-carriers.

Figure 27: Differentiation of human embryonic stem cells passaged five times in spinner
flasks. A, H9 cells at passage 43 were passaged five times on Cytodex 3® micro-carriers
(GE Healthcare Life Sciences, NJ). B, HI cells at passage 49 were passaged five times
on Cytodex 1® micro-carriers (GE Healthcare Life Sciences, NJ). Both cell types were
released from the micro-carriers and seeded onto MATRIGEL (BD Biosciences, CA)

coated plates. At 80-90% confluency the cells were exposed to a protocol that is capable



coated plates. At 80-90% confluency the cells were exposed to a protocol
that is capableof differentiating enbryonic stemcells to definitive
endoder mwoheiloosb17s were t hen anal yzed by FACS for the peraseaagesoef cells
expressing CXCR4, a definitive endoderm marker. The percent of CXCR4
positive cells is in the upper right corner of the plot. Figure 28:
Differentiation of H cells on mcro-carriers to definitive endoderm Here

FACS plots display th ercentage of cells expressi the definitive
endodar ni A keR eI BR I S Sads e ARG SHORREY JDese s MG b ner . Cel |
vere al | ,fKRRABSE TS FBr hOGREkRL DE 'céllssd%be@ﬁh%U)@@, aRlcifftive @nldRaphMENt . A,
H cells at” passage 40 were grown on Cytodex 1(r) mcro-carriers (GE

Heal t hc amerkict.f €hSpdreent 06 CXKIR4 paprtive cdly & imthearpppagglagersr pf thopldto
differentiation. B, H cells at passage 40 were grown on Cytodex 3(r)

N T

S, T Tm
erenti 1 on. assa e own

HI LLEX( r FACSTPI® aisp Rk thep&cdnbpleaTictils exidtdssing thdd dimys caitiederpassiee 1 prior
to differentiation. Figure 29. Differentiation of H cells on Cytodex 3(r)
ni cr o- cafiiCds Rergentpesitiveda thejuppergight perasr. Glbs vae dbexpanded en Bgioder m A,

cel | s, aki-RA5 SANGr E for 8 QW RA:. M G PEAL bl Blsshol A WL GBS B,
o el 2&%8 \%gr @r%&f? ?1 da 1ts orfh ol

cell s at passag € grown on mcro-carrier cel |
popul at i Gptodex e®trhiero-cirfiée(@RtHaithchrt h.ifdSkicntds, W) fondaldes afi@massaposki ng

platformat 37 Here FA | gt s di spl ay the percent age of cells expressing
the defi Pﬁl‘?ritQQ%éﬁ‘ﬁEfHH’élPﬂw %{flﬁe&@kemgsep%}%ﬁqtgrwﬁ% PRIVEYeE 3FHMEF upper
right corngtr (GEGHaRh3Re LHE ICRhEI NJ foPR s sl ss‘a%elt Nortyman embryoni c

stem cel I_ [ ne HI , cultured on mcro-carriers to defini tive enqloderm FACS
resul t s didferanhetigerCdit cgbsit passegecCHOR4reed e oM LERX®I] oncrbherriéraxi s. H

m cr o- ool PV PTG C gl htnsherg! BRPREAIRRUBBR Fi gur o 31

Differentiation of cells of the human enbryonic stemcell line H cul tured

on M Cr OFigafd 1%erBiffefeniaiéd P11 6clBIOUROIRCED InsicroldarNék YEE RdaBh&hoMmTcon t he
Y-axis for pancreatic_endodermal markers, Ngn3, Nkxb.l and Pdxl. H cells

wer e di f Pepeassithbdel definitive erdrdenm.| A(Hil¢olls atpassaredO1yery @My o MigfPodex

3(N (&) caq}igtrs ?6rceq‘él{tld%§ss l%,q{Ficélﬂeart pW@Qere grown on micro-carriers for 11
days. Both cell population were then differentiated to definitive endoderm on a rocking
platform at 37°C. Here FACS plots display the percentage of cells expressing the

definitive endoderm marker CXCR4. Percent positive is in the upper right corner.

Figure 30: Differentiation of cells of the human embryonic stem cell line H1, cultured on
micro-carriers to definitive endoderm. FACS results for the percent positive CXCR4
cells are shown on the Y-axis. H1 cells were grown on HILLEX®II, Cytodex 1® or

Cytodex 3® micro-carriers prior to and during differentiation.

Figure 31: Differentiation of cells of the human embryonic stem cell line HI cultured on
micro-carriers to pancreatic endoderm cells. CT values are shown on the Y-axis for
pancreatic endodermal markers, Ngn3, Nkx6.1 and Pdx1. H1 cells were differentiated on
HILLEX®II (HII), Cytodex 1®(C1) or Cytodex 3®(C3) micro-carriers in either DMEM-
High Glucose (HG) or DMEM-F12 (F12) media. The differentiation protocol lasted 13
days.



G ucose (HG or DMEMF12 (F 12) nedia. The differentiation protocol |asted
13 days.Figure 32: Differentiation of cells of the human enbryonic stem
cell Iinewbl2oouistrsed on micro-carriers to hornone prodRCTng2@ancioeat i c
cells. Percent positive cells were determ ned by FACS shown on the Y-axis
for pancreatic hornone cell markers, Synaptophysin, d ucagon and Insulin.

H cells were seeded at two different concentrations 10x1 05 (10) or 20kl b

o e RS i A D i
di ffer enfi @b @erich BiHoR85n _o@ﬁci%’ﬁﬁc?eaii? Icél'l:s. IRkcdiBpbRie QML dRys 10 through

24. Figure 33: Differentiation e s on Cytodex 3(r) mcro-carriers
( GE Heal ddterariecd hyf EASSisbowron tINJY -axs fenpaowriatie hoshérs, ccHimarkébs wer e

differentiated.to pancreatic . endocrjne cells thr h creati c endoderm
(Day" 1) S iferdp GG AENUET U FAS G ety d Y IR s essing cel 15
(Day28) . cdmRbirLwRs €5:5100010)Y ebs1 012Bbrto CHUERYD(C-3RAflcrbakidr) TRY e
nmeasured (A B, C respective | s grown and differentiated on Cytodex

! ctively). H ce ]
3(r) m cedlsaere ﬁ@@%@d%&{\ﬂ%ﬂgh@lﬂl@%&(f@@@ﬁpg Nipys faug Yo waeandonpared to
t hose gr i | I D_Bi. ) ted 6
wel | di sﬁles e]?%?fgﬂegp%t%aw%&%té%g} g%%ﬁ?%@gﬁurggdl?%@hcg&?éOgtlg%é\%l?gﬂ Cyt odex
3(r) mcro-carriers (GE Healthcare Life Sciences, NJ) was performed in
tri pl i caFigurdH3guDefcdehtiatidn ofH I sclhivaoreCgbtléxed®@ miicat @drian (G tHxd&kcadé I jfe
m cro-cayr.iers Heal t hcare Life Sciences, NJ) to definitiye endoderm
(DE). FA _ergﬂeéyﬂé%?e e et é_?s"r‘f‘é]ﬁ.qu%glg%mnt%%ﬂd&%f??l}ﬁf%tk?én Ofdidder m mar ker
CXCR4 po@éllfs'tl’ﬁ%ugl?f)in%réaﬁc %ﬁ@&(ﬁﬂnl(g&f@m}egaﬂdr&i!ﬁk_eﬁ@é;&ﬁl%'ceﬁs( ﬂ?ltd s at
passage 39 were grown on a MATRI ('BD Bi osci ences, CA) coateéed 6 wel |
di shes amduldi-éxXpeesmigicatle D4y@8DEGeB, ex@rddsiph iloatseofPampl @sicafonHnd kil on

t odex 3 i crQq- i . I th Life Sci , i
w0 ol abeg sl S FrEinRevann T sl G b A TEERR R optadsi A B gure
35: D f f gli@fichMeb AIGIOHARhRRI1ife Sderfors, dMSXC I WdreFomp@re@ab tHo8E SroWdE

Heal t hcare Life Sciences, PEUEE to insulin-expressing cells. HO cells were
di f f er entndedifigrentiatpd ae MATREGEL (BD Biosciences, CA) coated 6 well dishes (planar).

The gene expression values for cells grown on Cytodex 3® micro-carriers (GE

Healthcare Life Sciences, NJ) was performed in triplicate.

Figure 34: H9 cells were differentiated on Cytodex 3® micro-carriers (GE Healthcare
Life Sciences, NJ) to definitive endoderm (DE). FACS plots of CXCR4 expression.
Percent of definitive endoderm marker CXCR4 positive cells is stated in upper right
corner. A, H9 cells at passage 39 were grown on a MATRIGEL (BD Biosciences, CA)
coated 6 well dishes and differentiated to DE. B, C Duplicate samples of H9 cells on
Cytodex 3® micro-carriers (GE Healthcare Life Sciences, NJ) from spinners were placed

in a 12 well dish and incubated on a rocking platform.

Figure 35: Differentiation of H9 cells on Cytodex 3® micro-carriers (GE Healthcare Life
Sciences, NJ) to insulin-expressing cells. H9 cells were differentiated to pancreatic
endocrine cells through pancreatic endoderm (Day 14), Endocrine cells (Day 22) to
Insulin-expressing cells (Day29). Gene expression level of Pdx1, Glucagon, and Insulin

was measured (A, B, C respectively). H9 cells grown and differentiated on Cytodex 3®



endocrine cells through pancreatic endoderm (Day 14), Endocrine cells (Day
22) to Insulin-expressing cells (Day29). CGene expression |evel of Pdxl,

G ucagon,weandideisrisi n was neasured (A, B, C respectivel pr1/U82000@63082 gr own
and differentiated on Cytodex 3(r)micro-carriers (GE Healthcare Life

Sci ences, NJ) (C3) were conpared to those grown and differentiated on
MATRI GEL (BD Bi osci ences, CA) coated 6 well dishes (planar). Figure 36:

Mai nt enance of man e c stemcells cultured for 5
passagesmb“t’io'éﬁlfr Egﬁﬁﬁelﬂ}%@rldfecg GLFICss ﬁ%@& WL SRUPREH A thOSTSROM™ ur ed on
t he pl ang{d Snbshtiabesn MATRASEd (ED%lS&UlédéE@@A)rbofaQ@ ORL 8P &RES Blfanﬁf Rho

ki nase inhibitor. Panel A depicts the expressi'on of the pluripotency

mar kers CD9, SSEA3, SSEA4, Tra-160, and Tra-181 as detected by flow
cytonetr ﬁlgufeaﬁrﬁel M&ﬂ@pn@tcsf ptlmoéﬁmyers Bymoan @ﬁbWhelchlQm p@btcelhulgﬁdrfm&er S

Nanog, PQu5Fl ers. of di n o] FOXA2,
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For mat i ogub@tfrateﬁfndwateu\aﬁdemldﬁe@[ﬁmhbmésmmfarmromﬂas@ isiBiforc ®ahs cul tured for
5 passages .on Cyt odex 3( fjehém cro-carriers, then transferred and cultured on

the pl an@ﬁpl%ﬁsﬁxalteé@omﬁ RAupotngy Bk 6B pSEAS Prigkbrice 169, andrnho
ki nase 1phl fglta%r tep?e:a%g @v&jg}p[%)ﬁlteﬁ%t PP ?c%g tﬂgfe%regl%% fis detected by
ry epic

fl ow cytone ane e expres Ion o he markers indicated as
det ect edployipoteady markersPCRog P@ifiFe, SG8X2 Fard@iR4@randfmadledrs of tiffeecneadader m by

human e m | tured for pas es, on tod x 3(r)
m cr o- cggémﬁoi% Cl%%éffé&?ég %IdeBl@ﬁ]PX‘l’jYéﬂg?f cted PRy Q‘B pl anar
substrate. Expression of the genes indicated was determ ned by flow

cytonet r yigyfd yﬂf%réﬁtlo%f@éﬁn@tmréﬁ%&&nﬁéﬁm&ﬁ drfbr§ohik ‘dfeﬁijcél’l@ cRlr@Rar
substrates mai ntai n pluripotency. nRNA sanples from TrypLE (tnm),

Accut asefor ri)pasaagescm Crigderad® rmass@ege@rsHhemumrﬁerE@ adicuBursdios tewoplkewt ed and

d f f th
one passerfior gl eR R HRE ofe RickaT el Ahean G FBR meai a (4
or one p@@ﬁ@gﬂlem i%@slaﬂabf@m dsme{\&&d%grﬁbv& bﬁﬂﬁ@t’gmﬁarfél Burplcenmet ed with
R

Rock Inhibitor (B), or twocﬁ)assa es on Primaria(t in MEF
1

expression of the markers indicated as detected by real-time P

Figure 38: Formation of definitive endoderm by human embryonic stem cells cultured
for 5 passages on Cytodex 3® micro-carriers, then transferred and cultured on a
PRIMARIA™ planar substrate. Expression of the genes indicated was determined by
flow cytometry.

Figure 39: Human embryonic stem cells cultured on planar substrates maintain
pluripotency. mRNA samples from TrypLE ™, Accutase™, or Collagenase passaged H1
human ES cells were collected and assayed for mRNA pluripotency gene expression.
Cells were grown for either one passage for 4 days in culture on MATRIGEL in MEF
conditioned media (A) or one passage on Primaria™ in MEF conditioned media
supplemented with Rock Inhibitor (B), or two passages on Primaria™ in MEF

conditioned media supplemented with Rock Inhibitor (C).

Figure 40: H1 human embryonic stem cells grown for greater than 7 passages on
PRIMARIA (greater than p45) passaged with Accutase™™ or TrypLE™ at 1:4, 1:8, or
1:16 split ratios on PRIMARIA in the presence of Rho Kinase inhibitor Glycyl-H 1152
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condi ti oned nedi a suppl enented with Rock Inhibitor (C. Figure 40: H human
enbryonic stemcells grown for greater than 7 passages on PRI MARI A (greater
t han p45)wpasmagetyswi t h Accutase(tn) or TrypLE(tm) at 1P¢T/UB2@9/063064: 16
split ratios on PRRMARI A in the presence of Rho Kinase inhibitor Gycyl-H
1152di hydrochl oride were tested for pluripotency (A), and the ability to
differentiate to Definitive Endoderm (B). The control is H p48 hunman

enbryoni ¢.stem cel ls grown, on 1: 30 MATR| CEL.pas ed wi.t h col | agenase.
10m= paSeugreganthve (i S pﬁw&?&%%a %@&%ﬂgﬂﬁf%i@m@ Bassaged with
10 m nut Bc£XAOS Bh&odePm (BY.PHEC LBArdl ¢ H1p4Bhufhn dmd§ohRdieatQIsihewRBRSage

rati o. P(X) indicate passage nunber since noving from MEF feeders to

Pri mari al SMAHTREGEL pafseged with cdllagehashuBmAerimssagnd withtl®mioetd esxpgsusen f or

greater {han ) > on PRI, VARI reat er than. p4 S d wi.th

Accut asetrayeubrBRE VARER: a0 oGRS Soniriar R TSR B of mno
Ki nase i midaicttRE psdsygeyatib] BOESAndichy dagahd Mirnhble s endvast RemMNIEF MRNA
expression of pluripotency and differentiation markers. The control is the
st art i ngfegégatabiiparidf peftics at passage 37. |1 Orin Accutase(tn)= passaged
with 10 m nute exposure to Accutase(tn). P(X) indicate passage nunber since
novi ng f F NAR) | i : human

enbr yoni E:&gteél\/ﬁ_ﬂ' clgfﬁgﬁé? (e)lt[venqnfgglrc gr egﬁeﬁr?ﬁlé?%%%%@alg‘gz%%%g%?ﬁ:ﬂﬁ}m A(tm

(gr eat er PRIMARpA S prepias daged S ywdskaghd ewithasefutasy™osr Ty yPER( atni).4 edtiokan8 rati o on

PRI MARI A in . the presence of 0 Kinase. i.nhibjtor yl.-H 1152
di hydr ochREVIEEA R e Rr@wéﬁof?h o Reape Whiies alwl-éﬁ léaﬁh)&?éﬁ@gﬂeawe

di ff erenfi@l k&nnlm@k&{p%essixh%%sﬁ%a&hcg& snd DereRhakfidaReRU AL IBA@fis cel | s at
passage 37. | Om n Accutase(t passaged wth 10 m nute exposure to

Accut aseflitsjartiry popui atioh o tdlspa pemgee HuntninsiarosetfvipassageomtVER f eeders to
PRI MARI A( t |astic. Fiqure 43. H human enbryonic.stem cells qr¢ for
oreater e Fupautnacdieby TR heRHy Toorearunbii e ad B i oh
Accut asefdidrs & PRIMRREAtN ) a8c. 1: 16 ratio on PRIMARIA in the presence of Rho
Ki nase inhibitor Gycyl-H 1152 di hydrochl ori de were

Figure 42: H1 human embryonic stem cells grown for greater than 7 passages on
PRIMARIA™ (greater than p45) passaged with Accutase™ or TrypLE™ at 1:8 ratio on
PRIMARIA in the presence of Rho Kinase inhibitor Glycyl-H 1152 dihydrochloride were
tested for mRNA expression of pluripotency and differentiation markers. The control is
the starting population of cells at passage 37. 10min Accutase™ passaged with 10
minute exposure to Accutase™. P(X) indicate passage number since moving from MEF

feeders to PRIMARIA™ plastic.

Figure 43: H1 human embryonic stem cells grown for greater than 7 passages on
PRIMARIA™ (greater than p45) passaged with Accutase™ or TrypLE™ at 1:16 ratio on
PRIMARIA in the presence of Rho Kinase inhibitor Glycyl-H 1152 dihydrochloride were
tested for mRNA expression of pluripotency and differentiation markers. The control is
the starting population of cells at passage 37. 10min Accutase™= passaged with 10
minute exposure to Accutase™. P(X) indicate passage number since moving from MEF

feeders to PRIMARIA™ plastic.

Figure 44: Images of H1 cells grown on Primaria™ planar substrates (cat. no. 353846,

Becton Dickinson, Franklin Lakes, NJ) then transferred to micro-carriers 3 days after
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tested for nmRNA expression of pluripotency and differentiation markers. The
control is the starting population of cells at passage 37. | Onn

Accut ase(wopelipaswaged with 10 m nute exposure to Accut REE(US2909/06%0%)

i ndi cate passage nunber since noving from MEF feeders to PRI MARI A(tm
plastic. Figure 44: I1mages of H cells grown on Primaria(tn) planar
substrates (cat. no. 353846, Becton Di ckinson, Franklin Lakes, NJ) then

transf t0 M. Cro-carri days af t ing. A-CH._cell ded
onto. Oyt BHERERATS (kPR iestid i VAL AEOE 1op BrTer G ity S0 D F
Ol I's weprrs@aaRM, DIFCCHlLbEXUldikd BhEMMEHN LR ificlosohGhS (doloM) yrfh D H

cells were passaged on Primaria(tm planar substrate (cat. no.
Bect on DAdRihhboells \F@rapkssagﬁdL@kl%mnaM)‘ prmnat séoswtnmcﬂmmﬁﬁiﬁ%s%ﬂoff rprE(t m

LUl AL RN O U T AT

substrates) Q@@tﬁenﬂ@rmr?@%&ﬂﬁel‘rﬁ@%@m@r@éhﬂﬁfw A, Erﬁm Kéllsﬂx/érélb@s%agé&]&n pl ates
with 10 m nutes of Accutasegtrr) treatment prior to transferri n%ﬂonto

m cr o- caPiimeria" rdarrar ppbsgiafes $catnop s HeigeBagombliekinas sbigeldinhakomTNRGEL ( BD
Bi osci enﬁlgt%s W%)IOCIR%RI?GQ OK?A%ESt%se%tt%at?r?en sﬁgﬂg ngfle%gt{g r% erlérg ]art1fe‘]|rs cell s

transfer I'ng onto mcro-carriers uri ency o

gr own onChv HIBd’ellaéﬁmsdgbaﬂaﬁersp%igﬁt@ﬂ%ﬁd&RGEMBlﬁEﬁﬁél@l;lceB%AF)Ebdﬁtd:kl nson,
Franklin Lakes t hen transferred to Cytodex 3(r) (GE Healthcare Life
Sci encesPlaiqs )Nlmllrmne@«m)grm rﬁrer&sz%nsfqr@rgompﬁesr%%l%r s shows
expression of pluripotent cell-surface proteins. Cells were treated with

Accut asefioe 4. PILNPUELEy JPEPT &3] gtdwY bk pﬂaﬁﬁan%hnér%bs%mrég 4 g nutes
during passagi ng on Pr| ia(tm (cat. no. Becton D Ckl nson,

Frank! i n3138KkésBediin) Dldkmgun @raaﬂihnmaﬂ&erl\@r)tthmttranﬂfeubd K Cgoldes3Pribfiagat ed on

Pri iaft t. : 46 k NJ) th

tr ant e Pedteb QeoSnei ) fid FEELERATL ALY elfgen TS PRy S0k ehces
NJ) . FACKpREBIoNDf plurfpotcdt belBilaR6 Brardins. eS8l ORer rcEi¥ER4ih A&lutRbtM e endoder m
marker. Cells were treated wth Accutase(tn) or TrypLE(tm Express

(1 nvi t r ogeirLEEAExPIsss Gnyigogen, fadoes tal mrrgltqzsablmgrmgsaemgmﬂrﬁmr@(f{‘m (cat.
no. 3538&9& noB.e§:5t3%26,%eclt<onq§1%Eins Eisr%ankhn L % %IJ)N‘J)

Figure 46: Differentiation of HI cells propagated on Primaria™ (cat. no. 353846, Becton
Dickinson, Franklin Lakes, NJ) then transferred to Cytodex 3® micro-carriers (GE
Healthcare Life Sciences, NJ). FACS analysis of cell surface expression of CXCRA4,
definitive endoderm marker. Cells were treated with Accutase™ or TrypLE™ Express
(Invitrogen, CA) for 3 to 10 minutes during passaging on Primaria™ (cat. no. 353846,

Becton Dickinson, Franklin Lakes, NJ).

Figure 47: FACS analysis of human embryonic stem cells cultured on planar substrates

consisting of mixed cellulose esters prior to culture on micro-carriers.

Figure 48: FACS analysis of the expression of markers characteristic of the definitive
endoderm lineage from human embryonic stem cells cultured on planar substrates

consisting of mixed cellulose esters prior to culture and differentiation on micro-carriers.

DETAILED DESCRIPTION
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Figure 47: FACS anal ysis of human enbryonic stemcells cultured on pl anar
substrates consisting of m xed cellulose esters prior to culture on

m cr o- carwoen®/05F7gur e 48: FACS anal ysi s of the expressiPpom/uskooamsioez s
characteristic of the definitive endoderm|ineage from human enbryonic stem
cells cultured on planar substrates consisting of m xed cellul ose esters
prior to culture and differentiation on mcro-carriers. DETAILED

DESCRI PT].ONFor clarlté of di sc| osure,. .and .n f llmte%tlon t he

det ai | ed™Fed&Hy Of ABRlOBC147d 1ok %Weﬁhrrgtaaw%ﬁet? SHPHBIA R ng

subsect i RRSnitdnal dptmrlhﬂaech@fonolwlmgMb@é&oﬁ@fﬂaaa@cﬁs@éwﬁ%t@mm ments or
applications of the present invention. Definitions Stemcells are

undi f f er teaturest enibedirestsdehppladtions afied presdit inveytiat. t he single cell level to
both self-renew and differentiate to produce progeny cells, including

sel f-renewi ng progenitors, non- renﬁv\hnﬁm;l)lr ogenitors, and termnally
differentiated cells. Stem cells are SO characterl zed by their ability to

differentiate in vitro into functional cells of various cell |ineages from
mul ti pl eSger ¢olls apeursliffeactoder qolls definderynhaindbigiot adie sihgle@sll ekl toddth 0 gi ve
sues of ltiple germlayers followng transplantation and to

rise to ti
contri bu%eéfs -Sp¥ Ak it r?tg}lafeowfeé%c%uce iPFORSBY cellsy lncmdé%“é@f -EBEWIB%i ng i nj ecti on
into bl ajﬁrtog&ﬁﬁ)?§ no§tr@1{9\xﬁﬁ‘%hl%g@ﬂl?orglaﬂ§§é 1§ﬂ11y%{ffé£§ﬁa{tecﬂ€é{§! @Pﬁ‘@élﬁ' are

a S. e a

pot ent i 1) toti nmeani n 0O give rise to enbryoni c
and ext rdwﬂrqymﬁerczedébrlthenwmhty t0 a)ffqmd:matqomtmm intorbanctiongp| abllsoftvariginse ri se
to all e oni c eII es otent, anln e togiveriseto
2 sunset Cgrare fomengdls S e thdRi dafertan e tetetnbds sl gan. “or
physi ol ogi 5@l r@t%ttﬁme@ fo® hm%ﬁﬂgé& 1a9&mlmhg&ﬂaﬁsp%@m&ﬁahh% t&butean
produce progeny that include C (sélf- renewal), d cell restricted

ol i gopot sbstaprayetainnast,gf mtdlllatldisue%fdllOW&l@Je&hdn mt@hESﬁDSYS([Ee_ g., platelets)
that are normal conponents of the blood); (4) ol i gopotent, meaning able to

glt \éren Ei(als?te%noce?la rT1‘E)e5c)efassf’zf”setd bp%ﬁeilfj deveP rsg)%{en%) Bﬁt%nttlal n@g%??po%erq gnen}ﬁntig:,] ;egél |
| i neage {081k rise toRErsMLragao hied éitﬁlﬁhlfbﬁ)}dn&) cell types (2) pluripotent, meaning able

to give rise to all embryonic cell types; (3) multipotent, meaning able to give rise to a

subset of cell lineages, but all within a particular tissue, organ, or physiological system

(for example, hematopoietic stem cells (HSC) can produce progeny that include HSC

(self- renewal), blood cell restricted oligopotent progenitors and all cell types and

elements (e.g., platelets) that are normal components of the blood); (4) oligopotent,

meaning able to give rise to a more restricted subset of cell lineages than multipotent

stem cells; and (5) unipotent, meaning able to give rise to a single cell lineage (e.g. ,

spermatogenic stem cells).

Differentiation is the process by which an unspecialized ("uncommitted") or less
specialized cell acquires the features of a specialized cell such as, for example, a nerve
cell or a muscle cell. A differentiated or differentiation-induced cell is one that has taken
on a more specialized ("committed") position within the lineage of a cell. The term
“committed”, when applied to the process of differentiation, refers to a cell that has
proceeded in the differentiation pathway to a point where, under normal circumstances, it
will continue to differentiate into a specific cell type or subset of cell types, and cannot,

under normal circumstances, differentiate into a different cell type or revert to a less

13



Differentiation is the process by which an unspecialized ("uncomm tted") or
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and di f f drassetaristic specifrcally sespgitosdprieh thephpraties ofrestlepka tincage ehaveetteri stic
specific | at 4.t hy- eno l;s..af l1i of

i nt erest ﬁléfn%né%gﬁggde%uaggeéﬁhg mééfgrgg@Q%OHeotf%??‘ f gérné%ft #eéitcleg rtlo 0 Hélng ngfomri tted
cell to inleedti neage of interest. Various terns are used to describe cells
in culture. "Maintenance" refers generally to cells placed in a growth

medi um upder conditions that facil i,tatlet cell growth and/or divjsion that

4 g
may or my§rIPksteRsARE psqddo deperibg sy suitaie: oManteranse ciefers senapysigi ng”

refers tQ.ishe,B ﬁp@%ﬁ)mﬁ BB Liftr LOSi &S tRat R QMBNGICHLIH Sd¥gSsel  and
placing themin a sécond culture vessel under conditions that facilitate

cel | gr odivhsicantAtonaydoningy oot.reshltsipedarfzecpqpoptioatof the ails.céldssagimgy” rafecel |

line, I st sgmeti nes fr eferre toﬂogr char acheri zedlb t he nﬁ}n?ber of tipes it
has beeng4%BIRGER Of EGPOERAHSIEY'S FOrRAMEe fHadeaErse PR 6™ Wit SHYY been

passagedcififc {ds88unaBYcoRgitioad it fdilitfe 88l o tPakdibt dikBionThe primary
culture, i.e., the first culture following the isolation of cells from

ti ssue, is designated PO FoIIovm'l?% the first subculture, the cells are
n

descri bed sagcific fepdaargf cells.oonpscll pne.ds spaeigaggacieyred pg ergharasterized bd

subcul t Ul ’nu%nlﬂgr Sﬁk&l@s iP &A% %a§s§é&f ¥ egéﬂl}glg,r £ aﬁﬁl?ecpgell population that
has been passaged ten times may be referred to as a P10 culture. The primary culture,
1.e., the first culture following the isolation of cells from tissue, is designated PO.
Following the first subculture, the cells are described as a secondary culture (P1 or
passage 1). After the second subculture, the cells become a tertiary culture (P2 or
passage 2), and so on. It will be understood by those of skill in the art that there may be
many population doublings during the period of passaging; therefore the number of
population doublings of a culture is greater than the passage number. The expansion of
cells (i.e., the number of population doublings) during the period between passaging
depends on many factors, including but not limited to the seeding density, substrate,

medium, growth conditions, and time between passaging.

"B-cell lineage" refer to cells with positive gene expression for the transcription factor
PDX-1 and at least one of the following transcription factors: NGN-3, Nkx2.2, Nkx6.1,
NeuroD, Isl-1, HNF-3 beta, MAFA, Pax4, or Pax6. Cells expressing markers

characteristic of the B cell lineage include B cells.
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of the pancreatic endocriné |ineage" as used herein refer to cells
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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 lincage.

“Definitive endoderm” as used herein refers to cells which bear the characteristics of
cells arising from the epiblast during gastrulation and which form the gastrointestinal
tract and its derivatives. Definitive endoderm cells express the following markers:
CXCR4, HNF-3 beta, GATA-4, SOX-17, Cerberus, OTX2, goosecoid, c-Kit, CD99, and
Mixll1.

“Extraembryonic endoderm” as used herein refers to a population of cells expressing at

least one of the following markers: SOX-7, AFP, or SPARC.

"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
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“Pre-primitive streak cell” as used herein refers to a cell expressing at least one of the

following markers: Nodal, or FGF8.

“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.
Micro-Carriers

“Micro-carriers” refers to particles, beads, or pellets useful for attachment and growth of
anchorage dependent cells in culture. The micro-carriers have the following properties:
(a) They are small enough to allow them to be used in suspension cultures (with a stirring
rate that does not cause significant shear damage to the micro-carriers or the cells); (b)
They are solid, or have a solid core with a porous coating on the surface; and (¢) Their
surfaces (exterior and interior surface in case of porous carriers) may be positively or
negatively charged. In one aspect, the micro-carriers have an overall particle diameter
between about 150 and 350 um, and have a positive charge density of between about 0.8
and 2.0 meq/g. Useful micro-carriers include, without limitation, Cytodex 1®, Cytodex

2®, or Cytodex 3® (GE Healthcare Life Sciences, NJ).
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Life Sciences, Piscataway N.J.). Micro-carriers may be any shape, but are typically

roughly spherical in shape, and can be either macro- or micro-porous, or solid.

Both porous and solid types of micro-particulate carriers are commercially available from
suppliers. Examples of commercially available micro-carriers include Cytodex 1® and
Cytodex 3® (GE Healthcare Life Sciences, NJ), which are both dextran-based micro-
carriers from GE Healthcare Life Sciences. Porous micro-carriers on the market include
Cytoline as well as Cytopore products also from GE Healthcare Life Sciences. Biosilon
(NUNC) and Cultispher (Percell Biolytica) are also commercially available. In a further
aspect, the micro-carriers can be comprised of, or coated with polycarbonate or mixed

cellulose esters.

Micro-carriers suitable for use in the present invention can be comprised of natural or
synthetically-derived materials. Examples include collagen-based micro-carriers,
dextran-based micro-carriers, or cellulose-based micro-carriers, as well as glass,

ceramics, polymers, or metals. The micro-carrier can be protein-free or protein-coated,
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whi ch are both dextran-based microcarriers from GE Healthcare Life

Sci ences. Porous mcro-carriers on the market include Cytoline as well as
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stemcells, in culture volunes ranging froma fewmnilliliters to greater
than onecdllscnsaturelvolwnes, ramiiag fiooy ofcvamgliibicrs to gma@ftrdgammel thousard titcand
pr oVi deSTE stron rred

“Cg w ngrlldrt H@t H&swo d 1 %ggf
cul t ur es) "TRETFRRTET EAHP élrcgl%hﬁk? gad ppad B ERPE Ol 1AV %%é P05 Cbpi ¢
exam nat itpredahictdearditt aghied. qak |rficro%ﬁ’1@éi§iha§(‘tfe)trah§ﬁré'ﬂ@3dllokkﬁﬁ’g e Life
Sci ences, NJ) consists of a thin |layer of denatured collagen chemcally
coupl ed picrascopic examination of the attached cells. Cytodex 3® (GE Healthcare Life

Sciences, NJ) consists of a thin layer of denatured collagen chemically coupled to a

matrix of crosslinked dextran. The denatured collagen layer on Cytodex 3® (GE

Healthcare Life Sciences, NJ) is susceptible to digestion by a variety of proteases,

including trypsin and collagenase, and provides the ability to remove cells from the

micro-carriers while maintaining maximum cell viability, function, and integrity.

Protein free micro-carriers can be used to culture human embryonic stem cells. For
example, micro-carriers for use in manufacturing and laboratory or research use sold
under the tradename HILLEX® (SoloHill Engineering, Inc., M1.) are modified
polystyrene beads with cationic trimethyl ammonium attached to the surface to provide a
positively charged surface to the micro-carrier. The bead diameter ranges from about 90

to about 200 microns in diameter.

Micro-carrier-based methods of cell culture provided many advantages including ease of
downstream processing in many applications. Micro-carriers are typically roughly
spherical in shape, and can be either porous or solid. The use of micro-carriers for cell

attachment facilitates the use of stirred tank and related reactors for growth of anchorage-
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applications solid-type mcro-carriers range from about 100 to about 250

m crons ereas porous-type mcro-carriers range from about 250 to about
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and whether the micro-carriers will be used for implantation. These considerations can
be influenced by the surface properties of the micro-carrier, as well as by the porosity,

diameter, density, and handling properties of the micro-carrier.

For example, the density of the micro-carriers is a consideration. Excessive density may
cause the micro-carriers to settle out of the suspension, or tend to remain completely
towards the bottom of the culture vessel, and thus may result in poor bulk mixing of the
cells, culture medium and gaseous phases in the reactor. On the other hand, a density that
is too low may result in excessive floating of the micro-carrier. A density of 1.02 to 1.15

g/em’ is typical of many micro-carriers.

The small diameter of micro-carriers and the volume of particles that can be added to a
reactor allows the micro-carriers to contribute substantial surface area in vast excess to
that found in roller bottles or other methods of growing anchorage-dependent cells, ¢.g.
on plates. Porous micro-carriers provide even greater surface area per unit volume or
weight. These porous micro-carriers possess large cavities that are available for the

growth of anchorage-dependent cells. These cavities increase the surface area greatly,
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i or o cal 15 812y el iRk AP B PP el Py FETAERe ol B8Ry ¢

t hat f oumdldif, c@tingl lcbetifid @81 QEhifE heke FRS1NAGES 0Othe GE@ENGS the textured
anchor age- dependent cells, e.g. on plates. Porous mcro-carriers provide
even gr edtrEec B1aybsos the vapoperc. uhig tewlgradrwriaec may §auscdrn dadicp g spesafic

m cr o- carn . - \AR I 0, row h of
anohor age HERARREE PR Bl i lne? TR AL oMb BRI Phe PO,

gr eat | y, miwdo{rayicpy mbeelso betdxsurtd wnentieiidel ol nttathniee hadpwiiferaidredose such as

shear stress, for exanple frommxin r from gas. sparging. The

i or o- cat P (estire e ac NPy tedipiqies s PBG EN il P T DR HRRRS and
proIiferg%&g&%mihgdﬂhgro-carrier surface texture be achieved by techniques
i ncluding, but not limted to, nolding, casting, |eeching and etching. The
resolution of the features of the textured surface nay be on the nanoscal e.
The t ext Theoigechame suriace berydsedasnm-¢authdcte impapespddific delrge talmigrorent on t he

m cro-carri.er surface. The surface,of th ores W thin,the. porous
o o i TS s R RS B Ples o B bt WPl iieBof e
proliferation. Pore surface texture be achieved by techni ques such as but

not | i m InesthéreniBoldithdigs, tiasidrergarriceasbchrgpaird o€tostbigd withe m cro-carrier
surface may be plasma-coated to inpart a specific charge to mcrocarrier
thetmoresponsive polymers such as poly-N-isopropylacrylamide, or have

electromechanical properties.

Both porous and solid types of microparticulate carriers are commercially available from
suppliers. Examples of commercially available solid micro-carriers include Cytodex 1®
and Cytodex 3® (GE Healthcare Life Sciences, NJ), which are both dextran-based micro-
carriers from GE Healthcare Life Sciences. Porous micro-carriers on the market include
Cytoline as well as Cytopore products also from GE Healthcare Life Sciences. Biosilon

(NUNC) and Cultispher (Percell Biolytica) are also commercially available.

The micro-carriers may also contain a bioactive agent. The micro-carrier may also
contain a bioactive agent that may regulate the growth or function of cells or the tissue
milieu these factors may include but are not limited to fibroblast growth factors,
erythropoietin, vascular endothelial cell growth factors, platelet derived growth factors,
bone morphogenic proteins, transforming growth factors, tumor necrosis factors,
epidermal growth factors, insulin-like growth factors. Complete factors, mimetics or

active fragments therecof may be used.
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surfaces. These charges may enhance cell attachnent and proliferation. In
ot her enbodi nents, the mcro-carriers are conposed of, or coated wth,

t her nor eswonginvmsIpsl yners such as pol y- N-i sopropyl acr yl aoirds2000063vay e

el ectromechani cal properties. Both porous and solid types of

m croparticulate carriers are commercially available from suppliers.

Exanpl es of commercially available solid mcro-carriers incl ude Cyt odex

1(r) and t odex 3( Heal t hca | Li fe nces e both
dext r an- b r?nce%&%ﬁ%? opylaisacth msaepnd i EODs piad %%F@HE%% bgbeous

m cro- Caﬁl'hh Bt%ntos'ﬂerﬁ REITBE I68E emBEUiHRE YR '(6}E‘rn§1%) E@i ﬂ%fé’ssm bORGBerRY oduct s
al so from Heal t hcare Life Sciences. Biosilon Cul ti spher

( Per cel | toBinghgitvidua) mare cafrisoincapmkerginadquyl mamﬂtlam eThe'I’dw arirgerocclarri ers may
al so contain abbloac iV atg The mcrg carrlte %’lt 0 contain a

bi oact i vePaYER ' AAM %@0? S‘Eﬁ%“dcéo THECHH I Fret TPa R ShTSY "EEIs or t he
tissue mnbt@btel REGiClefACtifes TRYmid6 Rt WRItRaf@lin kiidi 4 @ende@ td | br obl ast
growm h factors, erythropoietin, vascular endothelial cell gromh factors,

pl at el et prgéarenaly grlske Rpaciis eslldypasemeo saseiblsdgeinntoldhomisragartiaralsd or mi ng
growt h ff‘ﬁﬁgg{ %r b Vﬁ%‘@@taﬁlt%‘%nﬁéo %Oélé’r%?ﬁ E(; %t?%[gf%r rlﬁlbc”f'g*&eu %@C Can b

i nsulin- ctors ors or Ive ?ragments

t her eof cmyulbgedimedculing Vés@dflmﬂlaersdceﬂicscdtﬁyp@mltmaciml sat@sioht h a second cel |
type and co-cultured with the pluripotent stemcells. In one enbodi nent the
t wo (or pes na e adherent. to an i ndivi dual cro-carrier in

equal or %ﬁ‘?néﬁ?}zwpﬁ%é‘a Iut%%s orergmplgocrithehig celle g ¢ 5@&0&1%1115%%@ nocul at ed
ont 0 t hey i 6lRssGRkINtRE, ndlal Eﬁiﬁleﬁﬁﬂierésbﬁﬁoﬁpﬂri& eﬁ'Ehefhﬂﬁly véfgh\{alt%glthélf?ﬁw ated at

dlfferen% times. The micro-carriers can treated I n such manner to

pref er encorawlyplalmﬂhlemé apecdriosy cals| adippesesositio csiie difatigoayegs ons of the

mcro-carrjer. In.,a odj. men t he mcroc rrier vmth adher ent
gl e. omeliiri atoul ToRFE. RERE s vt fr-uomire et (W eotvBSoe with a
second c@ldotHeYiREccH] dovdRey hrfer§ @ﬁ&ﬁﬂ@ia@eeussﬁlﬂ%@la@aiderﬁ M%%e'ﬁﬁblce'llﬁlc' ude, for
example, epithelial cells (e.g., cells of oral micosa, gastroint est i nal

tract, n&l@alart@meﬁlﬁ@qhﬁleﬁhcelrlSe@pcrpa@S@ul,ar endathelieealeymnbificalaaghhendothsiiehel | um

cells, umbilical vein endothelial cells, and endothelial progenitors (e.g., CD34+,
CD34+/CD117+ cells)), myoblasts, myocytes, hepatocytes, smooth muscle cells, striated
muscle cells, stromal cells, and other soft tissue cells or progenitor cells, chondrocytes,
osteoblasts, islet cells, nerve cells including but not limited to neurons, astrocytes,

Schwann cells, enteric glial cells, oligodendrocytes.
Pluripotent Stem Cells
Characterization of Pluripotent Stem Cells

Pluripotent stem cells may express one or more of the stage-specific embryonic antigens
(SSEA) 3 and 4, and markers detectable using antibodies designated Tra-1-60 and Tra-1-
81 (Thomson et al., Science 282:1145, 1998). Differentiation of pluripotent stem cells in
vitro results in the loss of SSEA-4, 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
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corneal epithelium, bone marrow cells, adipocytes, stemcells,

kerati nocytes, nelanocytes, dermal fibroblasts, keratinocytes, vascul ar
endot hel iwab 208lds3776e. g., aortic endothelial cells, coroRraryUuSa000A53062
endot helial cells, pulnonary artery endothelial cells, iliac artery
endot helial cells, mcrovascul ar endothelial cells, unbilical artery
endothelial cells, unbilical vein endothelial cells, and endotheli al

ﬁreggte 32;%@@&%38{@%5@&0@9109% iﬁl&ﬁ%&%@' @?& Q"@lgﬁ%reéma@ép ot t&lﬁﬂ s, and

ot her sofitmtdegSMso %hdaﬁyggpregmémutaﬁa TER, §s dGRAOPBPRYLESR. OSt eobl ast s,
islet cells, nerve’cells including but nof limted to neurons, astrocytes,

Schwann cel | s, enteric glial cells, oligodendrocytes. Pluripotent Stem
Cel | s ChAnetbereddsirable @herwﬁymqurprmg@tnd pBrpategstem cpllmmagmt@mals)t emcel l's may

express rmreo t ta ic. e ani ¢ tlge SEA) 3 and

2P Rl 8 Rl b S AHAIRERMAE sk S TR BB oD 7 a1° g
1 (Thonmsggued. Iﬁhnpot&(ﬁy&ﬁ@%nﬂ&?lsbaﬂﬂécorﬂiﬁﬁﬁh; foniafrﬂplerﬁy 1~ﬁj-dcﬁﬁg &fllsphtar i pot ent
stemcells in vitro results_ in the |1oss of SSEA-4, Tra- 1-60, and Tra-1-81

ex 8r ](cafs Si el qonprinesld prmyungdefigient (SaHAMER g Fh?ﬁe@fonggglagqform using ﬁ% h
U
Undi 11 o Gkt oo RIA  ROHBIL 8L GGl Rl LEAL iy BAYS Bkl pfcphosphat ase

par af or nfrbriehy teceagumt lngsts. daliehepvahy plarifotdftes hoty teelttasireddbylbe r at e, as

descri bed byt he nuf. rer (Vector |aboratories, Burlingane lif.
Undi f f er gRtion ¢ 3%85@ﬁﬁn<£%8éﬁ%swg|t S craPyg1d kasiicsdpy thepyseresoiocTa and

TERT, asm‘éﬁ%e?scésé‘&lilé‘d%hﬂmhre% hﬁﬁfalﬁ?éﬂsf abl e phenotype of propagated
pluripotent stemcells is a potential to differentiate into cells of all

three germnal |ayers: endoderm nesoderm and ectodermtissues.
Pl uri pot Brepygaséd sluepetert| stan celhlitgs m&m‘fd kmpefdar&@@aﬁm@rd Gybaindjngcti ng

Cor at omm PRGNS TBI el hge 2o R o ARPREPbE Rt el Mg hem

hi st ol ogisGabitabld @rob@Mh dﬁ[kCtﬁathaV§@|”h0ﬁﬂéDﬁ§tthry9 8y et MEASR tBARID ¢l afes .
Al ternatively, gl uri potency may be determ ned by the creation of enbryoid

bodi es apipleidswBapinglkenaarabraraeseniss dreay csest andiiot ppaesehbelisred.

Sources of Pluripotent Stem Cells

The types of pluripotent stem cells that may be used include established lines of
pluripotent cells derived from tissue formed after gestation, including pre-embryonic
tissue (such as, for example, a blastocyst), embryonic tissue, or fetal tissue taken any time
during gestation, typically but not necessarily before approximately 10-12 weeks
gestation. Non-limiting examples are established lines of human embryonic stem cells or
human embryonic germ cells, such as, for example the human embryonic stem cell lines
HI1, H7, and H9 (WiCell). Also contemplated is use of the compositions of this
disclosure during the initial establishment or stabilization of such cells, in which case the
source cells would be primary pluripotent cells taken directly from the source tissues.
Also suitable are cells taken from a pluripotent stem cell population already cultured in
the absence of feeder cells. Also suitable are mutant human embryonic stem cell lines,
such as, for example, BGO1v (BresaGen, Athens, GA). Also suitable are pluripotent stem

cells derived from non-pluripotent cells, such as, for example, an adult somatic cells.
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mar kers associated with the three germnal |ayers. Propagated pluripotent
stemcell lines may be karyotyped using a standard G bandi ng techni que and
conpar ed wo 2pubishwhed karyotypes of the correspondi ng pPCEFASRSPEHES. |t
is desirable to obtain cells that have a "normal karyotype,” which neans
that the cells are euploid, wherein all human chronbsones are present and
not noticeably altered. Sources of PIuripotent SteHICEIIS The types of

o1 ur | pot Al Blep Lo GRivey Qb e R e gt e he Dot ng

pre-enbryonic tissue (such as, for gxamhke a blastocyst) enbryoni c
tissue, or fetal tissue taken any tinme during gestation, typically but not
necessarily before approxi mately 10-12 weeks gestation. Non-limting
exanpl esPlaripotest s icslivemay beewtused hmﬂrahnmbyfmw by snemethed|ig tl@rarh uman

enbr yoni rm such as r e t he nan e cel
T o Oty Sridheh Beiin Sro i iloftitersy Por SERRL Subiibui PRR STR O HeSuRbel 0% | (s
of this ghpleh@subgraldsl ireged Wthiahickir@lellgRt ﬁﬁtrb&;]hﬂ&iﬁ (0. MMRLIGEE)atI on of
such cells, in which case the source cells wou primary plurlpotent

cel I's t aRlipmativyedumiyrinateihsteRecclls mayderquitisd on phngs Shiraghdsd Bidel | 5 t aken
froma ph#ﬁ&ggf@ .stemcell population already cultured in the absence of
f eeder AI 6 'suitable are nmutant human enbryonic stemcell I|ines,
such as, for exanple, BGOv (BresaGen, Athens, GA). Also suitable are

pl uri pot Mnesanmudiméﬂt,sthdphiri\peténf stcrmcnbmarplenfdrmiﬁcemmmellé.sln aanttermags, f or
exanpl e, dult .so ic.cells. tta Pluripotent StemCells to the

M cr o- Caff %‘ﬁ %m?m JHC BER Geffs 3‘ sent Invention Pluripotent stem
cells may be cultured on a planar substrate by any nethod in the art, prior

to attachi i dspedibEMmRpe&eht iBVEtioOfluByG BRI sfom B PRIQREI B6BM fldrs may be
cultured on planar substrates, treated with an extracellular matrix protein

(e.g. NATRSEGEE DY tApting hapiurmotent ﬁpmrqeﬁwethta mt@medéflttlvgﬂlrmlya@éh@ gdlisur ed on
pl anar SHQ ttfl? él%ﬁars aFa(?e WI"IILe r%teag ercrjlg}é]?g Pflor exlaﬁ%é?e, collaﬁjegaﬁ% %gﬁgﬁent the

pl uri pot en M eel TS are enbryomn ¢
Express , Accutase™, trypsin, and the like.

In one embodiment, the pluripotent stem cells are released from the micro-carrier

substrate by treating the cells with Accutase™ for about five to about ten minutes.

In one embodiment, the pluripotent stem cells are released from the micro-carrier
substrate by treating the cells with 0.05% trypsin/EDTA for about ten to about twenty

minutes.

In one embodiment, the pluripotent stem cells are released from the micro-carrier
substrate by treating the cells with TrypLE™ Express for about five to about twenty

minutes.

In one embodiment, the pluripotent stem cells are released from the micro-carrier
substrate by treating the cells with 10 mg/ml Collagenase for about five to about ten

minutes.

The released pluripotent cells are added to medium containing micro-carriers at a specific
density. In one embodiment, the pluripotent stem cells were seeded at about 4,000 to

about 30,000 cells per cm” of micro-carriers.
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enbodi nent, the enbryonic stemcells are human. In one aspect of the
present invention, pluripotent stemcells are released froma pl anar

subst r at ewbyotwosetisng the pluripotent stemcells wth arpratseasmeiohat wil |
rel ease the cells fromthe planar substrate. The protease may be, for
exanpl e, col |l agenase, TrypLE(tnm) Express , Accutase(tm, trypsin, and the
like. I'n one enbodi nent, the pluripotent stemcells are released fromthe

m cro-c ier supstrate by treating the .cells with Accutase(tn) for about
five toaiﬁ%t?ﬁea@%ﬁplﬁmw&eye”% ACGAECEIogBE RPN AR B CHSENt N OPEm cel | s
are r el eaacshimeRMcNetabARER of AHePI& potdtR SlchAd s WY erhb @I BYArdaiBg BRI | S Wi th

0.05% trypsin/ EDTA for about ten to about twenty minutes. In one
enbodi mepluripotiet spércelpovgnt Rép dmase inhsbitore The Rbasedsd mbrhitoheapiber o- carri er

about ¢ veAty 2T EeRidh M eRusiieht MR Shaet BubTRS HwdfBeh e are
r el easeddihy@arhlbgdén cro-carrier substrate by treating the cells with 10

ng/ M Col | agenase for about five to about ten minutes. The rel eased

pluripotent cells are added to nediumcontaining mcro-carriers at a
speci fi cIngersmbpdimentdhe phwpetsnhiam ccllhare preated patheht 7632k canqcatrgfite seeded

2t 2oout e300 0P bad%P8. GE LS sPBLUFR, Mo MKRERIH SR afhe 1ol eased

pI uripoten are a O nedl um con I'ng mcro ers.

enbodi meptated Wah d2788H BB on@EnttdAiBn BE WEARAD @M. stem cel I's is enhanced by
treating the pluripotent stemcells with a Rho kinase inhibitor. The Rho

ki nase inhibitor may be Y27632 (Sigma-Aldrich, MJ). Alternatively, the Rho
ki nase i Hitsicmhodimeny the plurigotentsterdichlisirie dishisd ivddL Glyaylod 1éAbodi ment, the

| uri potent ,stem.cells are . treat.ed with 7 t concentration from
Pbout 3. TS ERHE At Rkl HE TP A A @ Rievhs AR pBtale stem coll s
are treatfbodiniht, ¥ B odnt 8tcGPESIE A BatQNwRh GRROUH LG 2rhydrochloride at

a concentration of about 2.5 uM.

The medium containing the micro-carriers may be agitated. Agitation as used in the
present invention may be the movement of the culture medium. Such agitation may be
achieved manually, or, alternatively, by use of apparatus, such as, for example, a rocking
platform, a spinner flask, and the like. In one embodiment, the medium containing the
micro-carriers is agitated by the use of manual movement. The dish containing the

micro-carriers and cells is moved back and forth for less than 30 seconds.

The medium containing the micro-carriers may be agitated. In one embodiment, the
medium containing the micro-carriers is agitated by the use of a spinner flask. The
spinner flask (Corning, Lowell, MA) is placed on a stir plate at 30-70 RPM depending on
bead type.

In an alternate embodiment, the medium containing the micro-carriers is agitated by the
use of a rocking platform (Vari-mix, Barnstead, Dubuque, lowa). The rocking platform

speed is about one rotation in 2 seconds.

Differentiating Pluripotent Stem Cells on Micro-Carriers
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I n one enbodi ment, the pluripotent stemcells are treated with dycyl-H
1152 di hydrochl oride at a concentration fromabout 0.25 mMMto about 5 mM

I n one emvodnroash77st he pl uri potent stemcells are treat edTaiskévs@3ioey! - H
1152 di hydrochl oride at a concentration of about 2.5 mM The nedi um
containing the mcro-carriers my be agitated. Agitation as used in the
present invention may be the novenent of the culture nmedium Such agitation

may be hi eve nual ly, or, alternatively, by use of. apparatus,.such as,
for e_xaﬁlfﬂ Qe e&%ﬂﬁ?ﬁ%ﬁ‘%%@m{ Stsm§ﬁh$1ﬁé}’ b riafﬁqzj?nt%a*_l ‘t‘?é%ﬂ? REICPHZone
embodi mekykct\@afRA MR 6OME AbMiRYe ERRJEHE liRcdpRIhikitR-tari@gi tat ed by the use
of manual novenent. The dish containing the mcro-carriers and cells is

moved badkcmntvdlprthéipfuopotcatster hells 1Bay bedidfedmtiaitd entowdiluenpeowingi ni ng t he
m cro-carri,ers.may, be.agitated. |In one,enhodi nent, .t he medi um contai ni ng
the m or GegroaReRSE b pdermi RIS GFo T Shmise Ptk The api nner
flask (Cartdinagvely-anepluripddht dtém REIRCARY BOdiFfebdnitintellidb@ehd exfeséMgRPM

dependi ng on bead type. In an alternate enbodi nent, the nedi um containi ng

t he mi cr@agkgryherastaristiaef thapaecreficrondoge lokage ero@rarergasicet f or m (Vari - mi x,
Bar nst ead, Dubuque, lowa). The rocking platformspeed is about one rotation

in 2 sec S | -1 at i L I ro-carriersin
one emo&n%eagﬁeaaﬁigﬁgﬁ@%ﬂbpgﬁf ﬁrﬁo@%@%@ﬁ %eﬁrrsm?%?ygc‘% ﬂé(?l%a%gt regl N ingltC 1&3 into cells
expr essi agricmy thed giffehatiatdéntostilcexpiessing miakermicharda@cendadelandfiniteéage on

m cro-carrjers. ,Alternaiively t he pl urip&ent stemcells

b
di f f er en¢1920er |Ipgage OB PlanaEssFagess | AT RES SheaHumRRiEH Sfesy ?fg%af%

pancr eat j W i I = i aaf i , the
pl uri potfgﬁ’? stem clglkllrg @%n?%%bgﬁgira:‘ﬂf?%%%%? E{icceillﬁ?%ﬁlggespfés&g%%éessi ng markers

char act echasdatarisgf of the ppacreateatndodendocragnen blaneagefaoss. Mlermtoaly; thers. | n an
al ternat g enbodi nent,..the pluripotent stemcells may.be pt ted on

M cr ocar bREPSETFER cally P B PioaREteT o B CRIeR ek, PR R DR el

char act egippédshgQPhark&ts cHEhtBlHtic\oF tRNSIRLRANT bhRRAFE [i8EhgB b Pinad slirfRELS -

Al ternatively, the pluripotent stemcells my be

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

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

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

the methods disclosed in W02007030870.

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

disclosed in US patent 6,458,589.

Formation of Cells Expressing Markers Characteristic of the Definitive Endoderm

Lineage

Pluripotent stem cells may be differentiated into cells expressing markers characteristic

of the definitive endoderm lineage by any method in the art.
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propagated on mcro-carriers, then differentiated into cells expressing
mar kers characteristic of the pancreatic endoderm i neage on pl anar

sur f aces.wll2oavasatisvel y, the pluripotent stem cells myPpog/yseapagwsced on
mcro-carriers, then differentiated into cells expressing markers
characteristic of the pancreatic endocrine |ineage on planar surfaces.
Pluripotent stemcells treated in accordance with the nethods of the

present jnvention be differentiat into a.variety of other cell types
by any s ?rteaxﬂm@i)%@%ate_flhst?rﬁée Y pay Eﬁﬁﬁ%{%@,mﬂ sl %&r%%tng_swﬁ?réa I's
treated {RrRASGRHEBPER dMihftive Qﬁdd%hﬁ@ﬂéag%fa&&%h%rtﬁ%?é”&het'hﬂét’sedlkdl%d%y be
differentiated into neural cells, cardiac cells, hepatocytes, and the I|ike.

For exanblAmopt el PotterctBigtcelmadedyl 23, 6 &ht &dtli @08T)cor dance with the net hods
of the present invention nay be differentiated into neural progenitors and
car di omypeyl.e8 ACRREALNG: (o' DF, ! ROdirel gl QSR &y YORA0EO3QRLG, | 1

anot her e arrp]iné), ’BuUIpI po ent stem el F Y eated™ P at EH dEnee™ Wt R t he

met hods @farddagispt 08 grtdctinitied ehddticia Yinbazcdictdram@nb ittt methbdd dishieRdtincyt es
according to the nethods disclosed in US patent 6, 458,589. Formation of
Cel l's Exgli“é%ﬁkhgq{/a@%@rl@%ﬂébtléﬂstlﬁ@z Othe Definitive Endoder m Li neage

Pluripotent stemcells may be differentiated into cells expressing markers

charact eﬁéls&hfngi%t Bfuglﬁo%ﬁi ét&htcwfm%g?ﬁﬁf&adda%gqg@f s @ t?sfa;ﬁggﬂgrkyg t he

art. For exanp I potent stemcells may e into cells
expr essi cigravgerisar of tealcfiottior icsdodermflintdpe adedrdmigttd viee mettiodkediselbicdeage

accordin o the t ho i,scl o in D Arour et al, Nature Biotechnol ogy
23, 1534 -if@ﬂt a(%@@)cde?lﬁgﬁ&a%&go%l uri potent stemcells may be
differentiated into cells expressing markers characteristic of the

defini ti ver KaAPLSpRripbREAGEMREELMEY BE diffréMRtAEh1QE s ehpt6dsRipatarksrsShi nozaki
et al, Devel opnent 131, 1651 - 1662 (2004). For exanple, pluripotent stem

cel | s nashapstafistif of thetdeliniiyeicpdesicnn lingagnaseerdingrig theamkibeds dbdessdtieri stic of
the defipnitive en rmd:i accor i net hods di scl osed in
P At T BiLRERGEA°EE SRR (066

McLean e

Markers characteristic of the definitive endoderm lineage are selected from the group
consisting of SOX17, GATA4, HNF-3 beta, GSC, CER1, Nodal, FGFS, Brachyury, Mix-
like homeobox protein, FGF4, CD48, comesodermin (EOMES), DKK4, FGF17, GATAS®,
CXCR4, C-Kit, CD99, and OTX2. Suitable for use in the present invention is a cell that
expresses at least one of the markers characteristic of the definitive endoderm lineage. In
one aspect of the present invention, a cell expressing markers characteristic of the
definitive endoderm lineage is a primitive streak precursor cell. In an alternate aspect, a
cell expressing markers characteristic of the definitive endoderm lineage is a
mesendoderm cell. In an alternate aspect, a cell expressing markers characteristic of the

definitive endoderm lineage is a definitive endoderm cell.

In another example, pluripotent stem cells treated according to the methods of the present
invention may be differentiated into cells expressing markers characteristic of the
definitive endoderm lineage by culturing the pluripotent stem cells in medium containing
activin A in the absence of serum, then culturing the cells with activin A and serum, and
then culturing the cells with activin A and serum of a different concentration. An

example of this method is disclosed in Nature Biotechnology 23, 1534 - 1541 (2005).
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For exanple, pluripotent stemcells may be differentiated into cells
expressing markers characteristic of the definitive endoderm|ineage
accor di ngvoaotonsotmet hods di scl osed in D Anour et al, NatrarasBionewmhnol ogy
24, 1392 - 1401 (2006). Markers characteristic of the definitive endoderm
| i neage are selected fromthe group consisting of SOXI 7, GATA4, HNF-3
beta, GSC, CER, Nodal, FG-8, Brachyury, M xlike honmeobox protein, FG-4,
CD48, eopresodermi n ((EOVES), DKK4, FG- 17, GATA6, CXCR4, C- Kit, CD99, and
Oro. Salamiier remglsa g Sireedhtrepid artardneite thy dhedsialdhe BgnEsses at

| east ongyeitidnRay B¢ KiefefenilRl &ab @LilSdxppestihg ek dethhdiiygicordpder m | i neage.
In one aspect of the present invention, a cell expressing markers

char act edéfgtitie afdoddre lashignby cvlairagdbelplunpbicnicsigre celds ia medivm tcomteingtg eak
precursor cell.. I.n an alternate, aspect cel | expressi rkers

Char act & & in iR fiierdiaer oy eR RGNS Sl GEr PRI AR cet 1 11
an al t er pdtieer 25 R@Btratich. CAH bxLXHE 85 HidBctiBE kediScl6RanRDt Arh&ilriet 4D Nahhe
definitive endodermlineage is a definitive endodermcell. In another

exanpl e, Bpiteshpplogwrt008t em cel | s treated according to the methods of the
present invention may be differentiated into cells expressing nmarkers

h Coristi Pati iy .
ol ar 1 pot BrreLfs Barif S K SICRERTa RERRE e itk bl
serum tineonttom rhay badiffcheatiated ligto welldexpedskivip matkan dhaastenisticafiche hen

with activin A and serumof a different concentration.

culturin he cell
An exanpgf‘ef{%tﬁvet qﬁdggquk lnsaes by a‘iﬂ&lﬂn&tg‘al’ﬁuﬁpﬂ&{lwgn BFlbt BB goneRing 534 -

1541 (20Q3kid R 230 QNREL 1iERATPHR abRIdE Bp%ﬁtﬂ:‘th%ﬁ%ﬂl&\%% fetwhaigddaggording to
the nethods of the present invention may be differentiated into cells

expr essi adtumag kler ells mathactiemi A witth sefunt. han dsdmpilictof les exthodes distloseelage by

cul turi t he_pl uri pote m ls...L.nh nmedi um containing activin Ain the
absencengf‘tu?e]?'{)?ﬁﬁiclhflﬁ%y %’I @E’?lr}gsi @Oégl s with activin A with serum of
anot her concentration. An exanple of this method is disclosed in D Anour

et al, NafdhothcBeingsbnot@@ient 2R85cclls MrcarR@tab&irdin aHetnctRbd4df PR §atenst em
cells treated according to the nethods of the present invention nay be

di f f er entiivertion ma be diicrentiated inte Spihexpaiskiag snackerp seareqtersticof gt t he
definitive endoderm lineage according to the methods disclosed in US patent application

Ser. No. 11/736,908, assigned to LifeScan, Inc.

In another example, pluripotent stem cells treated according to the methods of the present
invention may be differentiated into cells expressing markers characteristic of the
definitive endoderm lineage according to the methods disclosed in US patent application

Ser. No. 11/779,311, assigned to LifeScan, Inc.

Formation of Cells Expressing Markers Characteristic of the Pancreatic Endoderm

Lineage

Pluripotent stem cells may be differentiated into cells expressing markers characteristic

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

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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definitive endodermlineage by culturing the pluripotent stemcells in
medi um contai ning activin A and a Wit ligand in the absence of serum then
renovi ng wbeolWisst7sgand and cul turing the cells w th acPcrius20bombioh2 ser um
An exanple of this nmethod is disclosed in Nature Biotechnol ogy 24, 1392 -
1401 (2006). In another exanple, pluripotent stemcells treated according
to the nmethods of the present invention may be differentiated into cells
expr essi t he. defi e. endo i neage

mar kers characteristic of it] erm |
accor di nggrteéa@ﬁ_ﬁe, ﬁ%lfSrFéageSaP% Bgegycharaisg e e dgpie 39&95{?“%?1?3‘3@0.
11/ 736, 99&aind$ §éc3ﬁﬁgg IPhb @R B tHePreschindRIcAGEe RXGRPHSerdtittcliR@bent stem
cells treated according to the nethods of the present invention nay be

di f f er entdllatceprebsmgpmerctsschesaotesiseé nfthnprkeeaticahdodurindmicsgd, by dfcatitgpethe

definitive endoderm | ineage accor.di to.t.he nmet hods,..di scl agsed in US pat ent
appl i cat i<k e§§ﬁ¢?“‘?;$;ﬁﬁ‘§fa§%“§w _ Q‘t%f 3*‘?;?“;’; el&ﬁ&@& i %.ﬁldacgr mt on o

S EXAbebRkiGo BloP ahd e el &hog lsigha BwRpnaeadE KA Andoder m Li neage
Pl uri pot ent sttg%] cells may be di%hergeng?i atged into cells expressing narkers

char act egyodanegins, thanacparioe dka medismdoatinng edidyeblpy eamythrfeethioand n the art.
For exa%DB%{)gﬂ@hS Fhd S0 %Iﬁlé'y glflﬁﬁﬁg*%ge S'élfsfiﬁt%lee'a}dn?é&;ngaihﬂ%gf’re&%ié S

expressi ng nar arac ancreati ¢ en erm-l'rneage

accor di ngrid,a fitreblagtdiedth fctschmasied ADvciZdpamine eAn@kamPalofittds Bicaioddhnol ogy
24, 1392 - 1401 (2006).For exanmple, cells expressing nmarkers characteristic
of the d&sflasediipNagiaGieshnelagsddel 32428 % or ding to the nethods of the
present invention are further differentiated into cells expressing narkers

char act efbSixhfmpRi célﬁ%x?%ﬁh@ﬁhﬂ&r@&%&)&%m& bPERAR finfNc ChE&RcHATinbhR cel |'s
expressing markers characteristic of the definitive endodermlineage with a

fi br obl aslitaigpedwtdording toothe armthads of Hedgedeoginsegoal arnfirihat dif@yeniiatei mito or
KAADcycl opam ne, .t hen renpvi ng the di um cont ai,ni ng .t he fi brobl.ast growth
Facton oA RXAB YA AR Tt a0 pEBG BTy iR THE e PE ARRLTS frenedi um
cont ai Ni lseRpleBPhEmalietl chardctdBQObAHE dBRHVI O chRylbOh liadihe KANIaN&L opam ne.
An exanple of this nmethod is , , , ,

acid one fibroblast growth factor for a period of time, according to the methods disclosed

in US patent application Ser. No. 11/736,908, assigned to LifeScan, Inc.

For example, cells expressing markers characteristic of the definitive endoderm lineage
obtained according to the methods of the present invention are further differentiated into
cells expressing markers characteristic of the pancreatic endoderm lineage, by treating the
cells expressing markers characteristic of the definitive endoderm lineage with retinoic
acid (Sigma-Aldrich, MO) and exendin 4, then removing the medium containing DAPT
(Sigma-Aldrich, MO) and exendin 4 and subsequently culturing the cells in medium
containing exendin 1, IGF-1 and HGF. An example of this method is disclosed in Nature

Biotechnology 24, 1392 - 1401 (2006).

For example, cells expressing markers characteristic of the pancreatic endoderm lineage
obtained according to the methods of the present invention are further differentiated into
cells expressing markers characteristic of the pancreatic endocrine lineage, by culturing
the cells expressing markers characteristic of the pancreatic endoderm lineage in medium

containing exendin 4, then removing the medium containing exendin 4 and subsequently
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di scl osed in Nature Bi otechnol ogy 24, 1392 - 1401 (2006). For exanple,
cells expressing markers characteristic of the definitive endoderm|ineage
obt ai ned wocorodisaryst o t he nmet hods of the present invent ipom/tse@ohssosher
differentiated into cells expressing markers characteristic of the
pancreati c endoderm | ineage, by treating the cells expressing nmarkers
characteri sti c of the definitive endodermlineage with retinoic acid one

fi brobl ast actor for eri od of n t hods

di scl osegHlfin gep%eﬁlém Mgy conid! e SSering, (OF) ?%%ﬁé%s R mgot(%a%

Li f eScanmchda is di9¢lo 43D Am&R! dr 1, NGRS BIdBhnBRY; l§,ez(§)6char acteristic of the
definitive endoderm | i neage obtai ned accordi ng to t he nmet hods of the

present invention are further differentiated into cells expressing markers
char act eF@rsﬁtxamp@r c¢lrecxpenseing ataileereeltoéerisit iof hegencibgtia endadérnylindage cel | s
expressi kers chr cteristic.of the definitiv eage with
et o coBaal SEOHEOR BF o] o nab LG HR ok R R e um
cont ai ni els RAFTEs ik GaEked dhataeteristédf B Pasorenidi shdderairdinsigs 69 delniring

cul turi nglpt he cells in nedium contajning exendin 1, 1G~1 and HG-. An

exanpl e OF celh SXPreseng anarkers cau pEeRdiciof tananereatsy erdodri lipgpgesumedizgp - 1401
2006) . |
bancr bt SiHETRART (B oA 0. 306) By SRBURIE SRSk RER el e

present dissesudiiom’ aﬁtrﬁoﬁnwtzhefauﬁeﬁlﬁeﬁmbi@tyemomt o cells expressing markers

characteristic of the pancreatic endocri ne I i neage, by culturi ng the cells
expr essi (%Tmarkﬁ:rg%l har act.eri stic aof the. reatlc endoderm | 1. ein

medi um ¢ reﬁmagnlaﬁlaﬁw TiSHC ORI B A IO (Fa8S ondi n 4

and subsgg@ry h&%&hgjfd ﬂﬂg rﬁeheodg%ﬂ& ﬂr&eﬁ?ﬂbé{ﬁb‘ﬁ%‘é Rirhe NG RYAAMCD ido | G- |
and HGF. An exanple of this nmethod i's disclosed in D Anour et a\, Nature

Bi ot echnaills gypremﬁmmaﬁ@rs @wm\mlr@tlc okethk Qamrpﬁt@@@dwlmmeges by kalteoteer i sti c

of the p ncr ati c endod e{gr It'ln e obE§ nead 1rac nd@%ﬂgﬁ t he.net hods of the
present gnt FELS3PE TUFTREP? S‘F ealE 88% ¢ O 8%%%‘%16 Y har ker s
charact eédrﬁélhﬁa @kertdi® 4 pamCIxemipl cCofenid @dthdeis disoRBERIn IDYARBLE &td/Ndathike cel | s
expressi ng mar Eers characteristic of the pancreatic endodermlineage in

medi um cBitEhAPlRgY.BAPT. (Si gma- Al drich, MO and exendin 4. An exanple of
this nmethod is

For example, cells expressing markers characteristic of the pancreatic endoderm lineage
obtained according to the methods of the present invention are further differentiated into
cells expressing markers characteristic of the pancreatic endocrine lineage, by treating the
cells expressing markers characteristic of the pancreatic endoderm lineage with a factor
that inhibits the Notch signaling pathway, according to the methods disclosed in US
patent application Ser. No. 11/736,908, assigned to LifeScan, Inc.

For example, cells expressing markers characteristic of the pancreatic endoderm lineage
obtained according to the methods of the present invention are further differentiated into
cells expressing markers characteristic of the pancreatic endocrine lineage, by treating the
cells expressing markers characteristic of the pancreatic endoderm lineage with a factor
that inhibits the Notch signaling pathway, according to the methods disclosed in US
patent application Ser. No. 11/779,311, assigned to LifeScan, Inc.

For example, cells expressing markers characteristic of the pancreatic endoderm lineage

obtained according to the methods of the present invention are further differentiated into

29



disclosed in D Amour et al, Nature Bi otechnol ogy, 2006. For exanple, cells
expressing markers characteristic of the pancreatic endoderm | ineage

obt ai ned wocorodisaryst o t he nmet hods of the present invent ipom/tse@ohssosher
differentiated into cells expressing markers characteristic of the
pancreatic endocrine |lineage, by culturing the cells expressing markers
characteristic of the pancreatic endoderm|ineage in nedi um contai ni ng
exendin 4. An exanple of this method is disclosed in D Anpur et al, Nature
Bi ot echnBAlBGYPresvssmanksrs AREaaristic egﬁhwa%%{ﬁaﬁ@s@ﬁﬂ@%l}nﬁ%%@x HSPURE8Fi st c

of the pé’émr&?w_‘e'h&ngﬂﬁﬁéﬁsf dRaldcRERES ML ?hﬁ@@atﬁ%@é&@rﬁ%ﬁe@gé Wenhagihgds of the
present invention are further differentiated into cells expressing narkers

char act ethiasinhibits thet Netch sigoalorg pathvenyd ecsordiag ka the ampghodsydisclosed imlgSt he cel | s
expressin rkers. characteri.stic, of .the ngcreat i c endoderm|ineage with a
Factor c aev ERRosned Sph 3G 2Rb ofs Asriens BEREED: e Cordi ng to t he et hods
di sclosed in US patent application Ser. No. 11/736,908, assigned to

Li f eScanFod dx@ampkQtelBXxpRissing efkiteds EHapicea Bl 9f tRIPiBEBatt@dagéel isdape of the
pancreati c endoderm | i neage obtai ned according to the nethods of .the

present Phiviapd peserdipgtorthe edhodgiof thermsprentinsentiontase Bethesdidiepngatsd ifo mar ker s
charact efdiRlckficRlind REHRANGLARIEHEOIRE DhRECdHNERGG I ILLLBL hid R o€ | o

expressi ng ma errstic o e pancreatic en I'Tneage with a
factor tébdls ckpilebding maikiees dlatacterisiigofdhe pangedtitwagdodaandarcdgangith @ faider nmet hods

di sclosed in US patent application Ser. No. 11/779,31 1, assigned to
Li f eScanthai W&gltﬁg}e Kshpienalingnatihovagy aecosding & the Mtk Séﬁsg}oge@f B]rgpgti c of the

pancr eat 4. 80gARSKh SkN/ROE1/95 3 Nedsigrcobdiing 4P iidhe methods of the
present Tnvention are further differentiated 1 ntocells expressing markers

characteristic of the pancreatic endocrine |ineage, by treating the cells
expr essi Mgripny farastaivtic af themiastreaticofndpéerengnvegeaitiselecetnd e the lgravwage with a

factor that. i.nhipj t h . si.0 i.n di n t met hods
i ool osctisDEepER N ROBhISLIa BB ReEee. 1P xa G685 At R g
Li f eScanin drieGemboadimet pin@rcatie bhdocBiN P E 6B cagabI®s Ke&ipSesSidghakhglongbFc of the
pancreati c endoderm | i neage obtained according to the nethods of the

present thgvelltwisg hareoresrinpidin, glucagane prmafpsiefi, gpé 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 hormone-expressing
cell. Alternatively, the pancreatic endocrine cell may be a pancreatic hormone-secreting

cell.

In one aspect of the present invention, the pancreatic endocrine cell is a cell expressing
markers characteristic of the 8 cell lineage. A cell expressing markers characteristic of
the B cell lineage expresses PDX1 and at least one of the following transcription factors:
NGN3, NKX2.2, NKX6.1, NEUROD, ISL1, HNF-3 beta, MAFA, PAX4, or PAX6. In
one aspect of the present invention, a cell expressing markers characteristic of the 8 cell

lineage is a 3 cell.
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cells expressing markers characteristic of the pancreatic endocrine

| i neage, by treating the cells expressing narkers characteristic of the
pancr eat iwoenthoder™ | i neage with a factor that inhibitspChaskiamwobsos: gnal i ng
pat hway, according to the methods disclosed in US patent application Ser.
No. 11/779,31 1, assigned to LifeScan, Inc. Markers characteristic of the
pancreatic endocrine |lineage are selected fromthe group consisting of

NGN3, NEUROD, |SLI, PDXl, NKX6.1, PAX4, NGN3, and PTF-1 al pha. In one

enbodi ment, a pancreatic endocrine cell is capable of expressing at |east
one of the follow ng.hornones: insulin, glucagon, somatostatin, and
pancr eat 1 B¢ PSPSAOEPENERN lsgﬁliﬂf%hl@trﬁt?ft R ot lrﬁmﬂtﬁ‘ggbrtz% fflowingemindss- i s a cel |

t hat expresses at |east one of the markers characteristic of the pancreatic
endocrine |lineage. In one aspect gixAW@prIaresent invention, a cell
expressing markers characteristic of the pancreatic endocrine |ineage is a
pancreatic endocrine cell. The pancreatic endocrine cell may be a

pancr eat i cExumpienle- Atpelunentapdcoliferafipn of Fuman Embiryienip Stem &2lls enendocri ne
cell may be a pancreatic hor m”e'ﬁﬁ%r_%JrPﬁr§el |. In one aspect of the
present invention, the pancreatic Endocr T RE cell is a cell expressing

mar kers characteristic of the b cell lineage. A cell expressing markers
char act eTo geteniat ift igndd aebironit BeAGR ISP fsshan®Pilifand catmiceasirrione of the
follow ng transcription factors; NGN\3, NKX2.Z2, NKX6.1, NE%, | SLI, HNF-3
bet a, ﬂ,celﬂﬁap@&,sagsrﬂwerelweiﬁr@mal\élééf&lG@fL t KBDJPesdercedvehiaatsd, a cel |

expr essi . A I St : “hNeAQe .S . The
pr esent %tvegﬁ‘{n;ﬁgj;ﬁpgﬁf u?ﬁﬁ%& f]l{]ﬁeg&% Efeafthleag 1 &tl)lg?&éu\;{lﬂhlqﬁlﬁlﬂfcedéﬁ %1339%1 ﬁ@i[}t ol I owi ng
exanpl esCVEXAWPUE® o RpdéectinF APNa Phasen (P aRthstrRins (P AdiLdE X1 aN

Enbryoni c St e s rQ- ‘ri.ers To determne if hyman enbryonic stem
SRRt ot ¥y Nanil e s RN WS R  0 ol 8 G
ver e 1 el gasedcd FeiMYIRISEL (410 2(BDs Bl PRl $APRI dséHibS ARt SthcRhah®sdWM t h

TrypLE(tnm) Express. They were then'incubated with mcro-carriers and MEFCM
growth of the H9 cells on the micro-carriers based on daily images. Few cells attached

and/or proliferated on most micro-carriers tested. H9 cells did attach and proliferate on
HILLEX®II micro-carriers (Solohill, MI) but images showed fewer cell-bead aggregates
after 2 days in static culture (Figure 1B).

To improve the attachment and proliferation of human embryonic stem cells on micro-
carriers, a small molecule inhibitor of Rho-associated coiled coil forming protein
serine/threonine kinase, Rho kinase inhibitor was added to the media. Specifically,
Y27632,Y, (Sigma-Aldrich, MO) was used. MEF-CM plus 10 uM Y27632 (Sigma-
Aldrich, MO) was changed daily. In the presence of 10 uM Y27632 (Sigma-Aldrich,
MO) the HO cells attached and formed aggregates with all micro-carriers tested (Table
2). By analysis of images, human embryonic stem cells grown on HILLEX®II micro-
carriers (Solohill, MI) appeared to attach and proliferate better than human embryonic
stem cells on other micro-carriers tested. Additionally, H9 cells attached better to
HILLEX®II (Solohill, MI) in the presence of the Rho kinase inhibitor (Figure 1A
compared to 1B).

Expansion of human embryonic stem cells for a cell therapy application is necessary to

meet product demand. Currently the best techniques for expansion include spinner flasks
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Suspensi ons of ProNectinF (PN), Plastic (P), PlasticPlus (PP), H LLEX(r)II
(H), collagen (Col) and FACT IIIl (SoloH Il, M) mcro-carriers were

pr epar ed wocorodispryst o manuf acturer's instructions. AftePCZ/utayo/060687C,
Tabl e 1 describes the attachnent and gromh of the HO cells on the
mcro-carriers based on daily inmages. Few cells attached and/ or
proliferated on nost mcro-carriers tested. H9 cells did attach and

proliferatge .on H LL r) m croo-carriers (Salqhill, M ut .i mages showed
f ever ceﬁll}ilﬁe%ctaag%&%P@G%tﬁe}m@eaaww gftlaﬁir%ovemeflh(%fé?% Biglre 1B). To
i mprove thgeRtd aGPERMn. afddE@lihd Bk R0 ot TANhE PRAMRBE theHughcel | s on
m crocarriers, a small nolecule inhibitor of Rho-associated coil ed coi

f ormi ng gnbiyenis sewr celb/onmmisoncaracisi mas & wRthdiskenaste plavieil oh taoockiegs added to

the nedi a.  Specifi | 27632, Y i -Aldrich, MO s used. MEF-CM
os 10 RSBy T ety ifesbyountiven Tk st vedFydRatf i | Seonce
of 10 MMeYeadSRm(soh@rartiy fidréRarrivkd Hif@rePACB] bsllaitaas hied tanekif or med

aggregates with all mcro-carriers tested (Table 2). By anal ysis of inmages,
human entggyessias ditasspctaéqd fsorg thpplagie Rips. IPhastie,)ariPrenastin adetior@rserg.- Sl ohi | | |
M) appear t I4f t rpihan h 4 | tem
cel 1 o on bt hereh SRt BBl SUR Mtk B BRI dnd
better tprokfdrhtEXFigurt 2CSAlcimple 4 dvbgritich tHehBsspeiagenaethol] usdepiiiao ktlhase
inhibitor (Figure | A conpared to. |IB). Expansion of human_enbryonic stem

cel I's fofouRliggI a Byayaly/ a%pwiﬂéé(éqcel)aﬁti Féeg(ﬁlé’é’%érﬁ?h@éog@eﬁaﬁw%gﬁ)demnd.
Qurrent| Meaﬁﬁing;%ﬁé %I{D%ftﬁgfﬂté?lb'ﬁﬁe Lafs cﬁf‘rﬂ?c?é-'c%efs%kéé‘?sea &BiR0al nlhagkgand

bi oreactors. B ese techni ques require physical novenent of the
m cr ocar diyed somparsdigpbastagmg nimbde btesending. Ths iefikdy tiuofo poot imtialon t he

grow h of the hu enbryqgni c. stem.cells on mcro-carriers, 6 or .12 well
di shes maépﬁrs%gfiﬂw@ tﬁ{ ﬁwmﬁ@-fﬂra?rﬁé? Wei b avexpaptiomaigivardapintl  gr owt h
for 3 daysexpdifn&fias @&Eﬁ%ﬁ@é ﬁs@%pggm $ls bR IR B E X0 Mise s t he

mcro-carriers. Figure 2 AL B, Dillustrates that the cell aggregates
di sassoc{SatadllfYbrhavhercliglsst proPfagsionPhigspmparedrto Bregrteatbicad fripes.dikelr ri er s.

| COntT B8 kg, SEL R SRS B SRFTIPTESR e R otbhi Vi carri ers
(Figures 2, 3). This demonstrates that the HILLEX® II micro-carriers (Solohill, MI) can
support growth of H9 cells in suspension. This was further validated after repeat

passaging, sec Example 5.

The H1 human embryonic cell line was also tested for growth on micro-carriers for large-
scale expansion. Because a Rho kinase inhibitor, Y27632 (Sigma-Aldrich, MO), was
necessary for attachment of the H9 cell line, it was also assumed to be necessary for H1
cells. Cytodex 1®, Cytodex 3® (GE Healthcare Life Sciences, NJ), HILLEX®II, Plastic,
ProNectinF, Plastic Plus micro-carriers (SoloHill Ann Arbor, MI) were prepared
according to the manufacturer’s instructions. The H1 human embryonic stem cells at
passage 47 were seeded at about 13,333 cells/cm” of micro-carriers in MEF-CM plus
10uM Y27632 (Sigma-Aldrich, MO). Cells and micro-carriers were placed in a 12 well
non-tissue culture treated dish at 15cm? per 12 well on a rocking platform at 37°C to
allow movement of the micro-carriers and medium. After 3, 5 and 7 days, one well was
imaged, harvested, and counted. The ability of cells to attach depended on the bead type.

Similar results were observed with the H1 line as with the H9 line. Specifically, cells
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proliferated Figure 2C. Exanple 4 describes the dissociation nethod used
prior to cell counting in a Guava PCA-96 with Viacount Flex (Guava

Technol ogvexpiodaywar d, CA). Measuring the growth rate ofrcrhms2aelob®ebnn
mcro-carriers reveals a dip in cell nunber at day 3 conpared to the
starting nunber at seeding. This is likely due to poor initial attachnent
of the cells to the mcro carriers foIIovved by an expansi on afterwards
until the experi rmn ay 5. HO cells on HILLEX(r)II

i o o- carefie} antp G ?Stlc bk GbaNedi Fﬁpérpégatmﬁw@ PRI YUt e Conpar ed
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tested fﬂfr @V\Cﬂl%o%@h@ Sdaxi 3 ﬁllér@fcairﬂ#g@@?ﬂe@lt&ém% gaenc%gcm;se a Rho
ki nase i nhi bitor 7632 gma Aldrich, MJ), was necessary for attachnent

of the Hexhiifad the hl@hestpekk/a@m eradicnd daved cubiutsd Fimee 83 ar v for H cells.
Cyt odex 1(r) Cytodex 3(r) (CGE Healthcare Life Sciences, H LLEX(r)I1,

Pl asti c, -E}Bfeti :NH nﬁld’i%‘dn‘éﬁﬂrh‘ﬁm{? rfs3s h&@théﬁhi?%hhsﬁ@ﬂﬁfﬁ?r 'V')

were prepared-accor |ng manufacturer®s instructions

enbryoni c stemcells at passagell AftackmentaediGowth about 13, 333 cel | s/ch of
mcro-carriers in MEF-CM plus | OvM Y27632 (Si gnma-Aldrich, Cells and
m cro-c ri ers wer

) aced .in ntlsseculturet eated di sh at
Tsenp por© SSCTRR U5 oadiiekphgl BRa i areimiibiey et Bou s i vshERE oK | he
Mi Cr 0- Caglolek 8f ﬁ@%uﬁi%ﬂ'eﬁ%kyoﬁict ﬁém%ell@o@ﬁﬁ’cr@ cHRNSs, tIRNBIIYRIN MBSHhsmged,
har vest e and counted. THe ability of cells to attach depended on the bead

t ype. Si wteaondiested. t s were observed with the H line as with the HO |ine.
Specifically, cellsseeded onto Plastic, Plastic Pl us or ProNect i nF

T oo Bt DR LSRR AR T Bl o] 5o
Heal t hcamecrmcﬁlele&:meumﬁ%&e wil] of 8112 el IcRnkti st S e tur a g e platé ﬂlh@|cblf1§r ated wel
(FLOUTE Ohic placed ot 35°C for ot Lasst 60 minios befoss plocing thom onto a socking platiorm

at 37°C. Prior to adding the cells, HILLEX®II (Solohill, MI) and Cytodex 3® (GE

Healthcare Life Sciences, NJ) micro-carriers were prepared as directed by the

manufacturer. Cells were grown in MEF-CM plus a range of Rho kinase inhibitor

concentrations, Y27632 at 10, 5, 2.5 or 1 uM, or (S)-(+)-4-Glycyl-2-methyl-1-[(4-

methyl-5-isoquinolinyl) sulfonyl]-hexahydro-1H-1,4-diazepine dihydrochloride (Glycyl-

H 1152 dihydrochloride (H), Tocris, MO) at 5, 2.5, 1 or 0.5 uM). The medium was

changed daily and one well of cells was counted at 4 and 7 days after seeding for yield

and viability (Figure 7, A and B). Overall, 10 or 5 uM Y27632 (Sigma-Aldrich, MO)

showed the best cell proliferation (day 7) while 2.5 and 1.0 uM appeared to have the best

attachment (day 4). Concentrations of 1 and 0.5 uM Glycyl-H 1152 dihydrochloride

(Tocris, MO) showed the best cell proliferation (day 7) while 5 uM appeared to have the

best attachment (day 4).

Next a dose titration of the Rho kinase inhibitor was attempted since it has been

characterized as a promoting apoptosis. H1 cells at passage 48 were dissociated from
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for yield. Cells grown on Cytodex 3(r) mcro-carriers (CE Healthcare Life
Sci ences, NJ) exhibited the highest cell nunber after 7 days in culture
(Fi gure 6yomwanspi7’e 2 © Optimal Concentrations of Y27632carus2@iesosRho

Ki nase Inhibitors for Cell Attachnment and G owh To determ ne the
concentration of Rho kinase inhibitor that best supports attachnent and
growth of the human enbryonic stem ceIIs on mcro-carriers, the foll ow ng

experi me 180 ted. As ting |qu 3 cel H9 cells
o P oaso R OB G SRl e b Ay s Eipren s Mhgratuel 1 Cof
12 vel | peR-thissdge Lot WS@rnldf‘%ﬁ‘Jchﬂcth@Js%toykﬁlg@@%ﬁ 0P8N e wRllaadisdte 370C for
at least 60 mnutes before placing themonto a rocking platformat 370C.

Prior tocutidé meptechplatee IHIS LEM@ILES(lohill) MOBSlyedvick |1®, lr Lytoddx 8ft@dex 3(r) (GE

Heal t hca i fe Sci m cro-carrier re ared _as_di ted b
the. mananE PSR S oV i e ek e s BEERTRE B el Ribase
i nhi bit Okmﬁéérlﬁl@imt&atl'()%!ﬁ Yﬁ@@iglgﬂ{a Aﬁiﬂcﬁ M&) vallusdd (ﬁMiayocfne followed by
(S)-(+)-4-dycyl-2-nmethyl -1 - hyl - 5-1 soqui nol i nyl )

sul fonyl ). SmMahyidy owd EYIQ/&M)aZémMGIgicﬁﬁﬂd)ﬁhdilhydrdehl()ﬁdg/(ﬂ;dcns HMD0)52

di hydr ochl ori de , Tacris, M) he medi um was

changed Was¥se é?ﬁdi% 9ae fdlowvegtby, HM %@aycwr@w/aé Wbrldﬂ\’ﬂ %iagf\sl Bt ter
seedi ng Isf%*z (ﬂl}/f&l, gch%‘r% (‘i\%?hi 'M%%F ﬁéeérdbes ay ongﬁ‘qlo%)qd Qe AM Gly%al pf 5 m

Y27632 (SI sho prolii Freration ay 7) while

2.5 and ﬂ-lﬂ dTM RBRRGH RN Toerifl aNO) bh8ayPeRd (FHlY 3 23k c&rﬂﬁaﬁo@add@%ﬁ&m rations
of 1 and 0.5 nM G ycyl - 1152 di hydrochl ori de ( ocris, MO) showed t he best

cel | pr o0.2f enaGlyayl-Hdbys 2 Wihyo ¢hdorideniVo ey &40 paras apﬂhiaddalﬂﬁm MESLCHE t achnent
(day 4). Next a dosrﬁ%tlltr ti.on of . the Rho_ kinase inhi bltor s attenpted
si nce it (Hhe BNOn Fiesilsar m%@aage%vvﬁqee&ﬁﬁtﬁﬁQV%%%@P@S qy3 haary & at

passage fgre%' % Ei%g & ro B g §9 C( Elv&pe%gk edsaf e%) coat ed
SRt 4

plates wit h S were en see %cnﬂ of
M cro- cagdd Bd sldﬁttﬁe fockin Eqilzﬁfdmﬂ dt 3a¢c eFl drd®). loweedt ‘ﬂhb%%éi%oﬁéklnhﬂﬁ&l bf eat ed

plate. H LLEX(r)Il (Solohill, M), Cytodex 1(r), or Cytodex 3(r) (GE
Glycyl-H 1152 dlhydrochlorlde (TOCI‘IS MO) was 1-2.5 uM on day one and 0.5 uM on
day 2 followed by withdrawal of the compound. The cells exhibited similar growth rates
at these concentrations of Glycyl-H 1152 dihydrochloride (Tocris, MO) compared to 10
uM Y27632 (Sigma-Aldrich, MO) for all micro-carriers tested. Maintaining the cells in
0.25 uM Glycyl-H 1152 dihydrochloride (Tocris, MO) resulted in poor cell yield. Using
a minimal amount of Rho-kinase inhibitor also helps reduce costs for the process and
maybe beneficial to cell proliferation. These data also show that human embryonic stem
cells did not require Rho kinase inhibitor in order to remain attached to micro-carriers

and to proliferate.
Example 3: Effect of Cell Density on Attachment and Growth on Micro-Carriers

Improving the seeding density is a method to reduce the total number of cells needed. To
determine the proper seeding density, the number of micro-carriers per 4x objective field
was counted. HI cells were seeded at 0.4x10" cells/cm? (low), 1.2 x10” cells/cm? (mid),

or 3 x10” cells/cm” (high) densities into a 10 cm plate with Cytodex 3 micro-carriers (GE

Healthcare Life Sciences, NJ) in MEF-CM plus 10uM Y27632 (Sigma-Aldrich, MO).

The plate was then agitated every 45 minutes for 6 hours at 37°C. The cells and micro-
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Heal thcare Life Sciences, NJ) mcro-carriers were tested with decreasing
anounts of Rho kinase inhibitor: 10 mM Y27632 (Sigma-Aldrich, M) was used
on day omnwofoldmwed by 0.5 nMon day two (Y10/5 mM); 2. BCcrNIS@woyioeH 1152
di hydrochl oride (Tocris, M) was used on day one followed by 0.5 nM on day
tw (H2.5/0.5 mMM; 1 mM dycyl-H 1152 di hydrochl oride (Tocris, M) was used
on day one followed by 0.5 mM d ycyl -H 1152 di hydrochl oride (Tocris, MJ on

day two (H./0.5 mM; or continpuous addition of 0.25 nM dycyl-H 1152
di hydr ocHATE#H derg rarsfsreed tReyspingst Bassi(desqribed inExamplep) @\ﬁﬂ@t S TRRYD  H
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mMV on dakptaivs veasdn@eSeaia dhrmay 02 dayp Blavdedfisyltwict Finlaaial>md fvas iemewdpound.

The cells exhibhite [Maal rowth rates t hese concentrati gng o
Gyoot. diBlagid i Su-s R Bhes et b ant IR FL BRIl 939
(Si gma- Ab dours /B3 davi) 5 HeFs 2akl7dayC rMireGREdch 88 of BSdredarrMal witRicellngtathel isel I s in

0.25 mM d ycyl-H 1152 di hydrochl oride (Tocris, M) resulted in poor cell
yiel d. Usited mtheiloivereichs cosaat indrigwre? inagss eAl AHRY ROSF Soaflive, the npBIbpaduce

costs fo S - i eial - celil 0] ] jon. ese
data al o3 ARSI DR MRS BRAROME B g AR o Rl bBR ORI o0

i nhi bi t of and7 diedi@mMmticd of ei@bTaAicracdacd Wwith oelisrdid aatrineresiss fanitic iovg@r ol i f er at e.
Exanpl e .. Effect o .l Density on Attachment and owt h on

M cr o- Caff¥15&¥ §eqdﬁ%9?ﬂﬁ (rﬁn% w&gg%%f@%%“ aé{%sqeflys/g&s ISR RO PE WEBRICY ¢ he
total nuiho oflod HdhoaRAGHm TR-URLES Mibd erphRRCh: S68dIBA ARNGRL Y. (he

nunber of mcro-carriers per 4x objective el'd was counted. H cells were
seeded aturBbetif Gidroewkticss sith2ell$ avachedlis3imil@do ¢ & 16/ celd/cifisdydedat 3 xI O4

B b ] B Ao
(Si gnma- Ahtehich&dto o-cafigrstath BighaRndiRedagédiag ﬁdgﬂ%el' . MalsRyres for 6
e

hours at 370C. The cells and mcrocarriers wer ransferred to a spinner
flask (d&d¢ehange compErdtrpthe sBytingsegfiogcell n@Dbergaydals a higher number of cells

attached at 3 and 5 days in the high density seeded cultures (Figure 11). By day 7, the
control and high density seeded cultures have similar fold change in cell number from
their starting seeding density. From these data, we conclude that 1.2 x10* cells/ cm” is the
minimum cell number for efficient attachment and growth of H1 cells on micro-carriers.
Moving to higher seeding densities may aid in decreasing the number of days required for

cell expansion.
Example 4: Dissociation of Cells from Micro-Carriers

In order to determine growth rates it was necessary to dissociate the cells from the micro-
carriers. Removal of the Rho kinase inhibitor Y27632 (Sigma-Aldrich, MO) did not
cause the H1 cells to dissociate from the micro-carriers (Example 2, Figure 12). H9
cells on HILLEX®II micro-carriers (Solohill, MI) were imaged at 10x and 20x
magnification before dissociation of the cells from the micro-carriers (Figure 13 A, B
respectively). Enzymatic treatment of the H9 cells on HILLEX®II micro-carriers
(Solohill, MI) allowed for detachment of viable cells (Figure 13 C, D and 14). The H9
cells were grown for 6 days in a 6 well dish with HILLEX®II micro-carriers (Solohill,
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50m MEF-CM plus 10 mM Y27632 (Sigma-Aldrich, MO . After 24 hours 25m of
MEFCMw th 5 nmM Y27632 (Signa-Aldrich, M) was added. After 24 hours the
speed of wotatwmsaras i ncreased to 40 rpm On day 3 andpETafs2awlosiese, 50
of 75m was renoved and replaced with MEF-CM | nages were taken of an
aliquot fromthe spinner flasks at 6 hours, 3 days, 5 days and 7days. The
percentage of mcro-carriers with cells attached is stated in the | ower

right corner in Figure 9 images. At 3 days post .seeding, the nunber of
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at days dahhidtidnTIEEBPWas Y&l ARK T RY oRPBSREsGRYLd. MR Icro-LdrribS Cl ear
that nore cells are attached to mcro-carriers fromhigh density cell

seedi ng VFhgollewd)rangaty gits a singtcheclf of all Zvalh gen-tissyeanburcttzataddeplat.ar t i ng

seedi ng | |. punber. reveal s hi gher. nunber of cells attached, a and 5
days 1 TRerhRauRb Rl 5l o i ontev s SisrdSarifnThydhy T PBRe "Cont r o
and hi ghydenpithidasgdes waEneEm@yseuF@imge@[ Cchobeo ©baTBE pkif/BIETA waymber
fromtheir starting seeding density. Fromthese data, we conclude that 1.2
x| 4 cel ddgled ¢ortheiveclk hherplate mampbietd atiitoen therockingi pdatéom far 1@ ohA®nt and

wth of .H I ' - i ' t ' i iti
vy a0 Tibdsor i Eherdart o BBV ER o PO v RS o, °°
Exanpl e dell. PhéaRaiudl Wavighrouslylpipdiic@MelMagih® tHealells BFigutdnPCAP). to determ ne
growth rates it was necessary to dissociate the cells fromthe

m cr ocar PbeargatioRerphcamicad-camisrsRindekd migsescoph igrmainedidatadmnansphifacalldr i ch,

MO) did e the. el to_di i r th i -carrhers
(Examp ohgh EFHTRa A5 B Gy bR PRl ey VMO8 S hBpe® foni 11
M) wer emc#agedagdspkidéd and thd@ellsmga esiepénded b ehoDaEMgSIRciraEBICMf  t he
cells fromthe mcro-carriers (Figure 13 A, B )

medium. The cells were then counted on a Guava PCA-96 (Guava Technologics,

Hayward, CA) with Viacount dye. Specifically, a 200 ul volume of cells in appropriate

dilution of medium, was incubated with 2 ul of Viacount for 10 minutes. The viability

and cell number were determined (Figure 14). Both TrypLE™ Express and
Trypsin/EDTA dissociated the cells effectively from micro-carriers.

Since TrypLE™ Express released the cells from the micro-carriers and is available as a
GMP product, it was tested against other possible dissociation agents, specifically
Collagenase and Accutase™ (Sigma-Aldrich, MO). HI p48 cells were grown in a
spinner flask (Example 5) for 10 days. The micro-carriers were then collected and
transferred to a 50ml conical tube. The cells were washed in PBS as above and
transferred to a 12 well plate. PBS was aspirated and 1ml of TrypLE™ Express,
Accutase™ or Collagenase (10mg/ml) was added to the well and placed on a rocking
platform at 37°C for 5 or 10 minutes. The cells/micro-carriers were vigorously
resuspended in DMEM/F12, and then the dissociated cells and micro-carriers were
passed through a 40um cell strainer over a 50ml conical tube. The well was washed with

an additional 2 ml medium, also added to the strainer before centrifuging at 200 x g for 5
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respectively). Enzymatic treatnent of the H9 cells on HI LLEXd)II

mcro-carriers (Solohill, M) allowed for detachnent of viable cells
(Fi gure M80CGp1oDsarrd 14). The HI9 cells were grown for 6 a#ayascevsacdenel |
dish with HHLLEXd)IIl mcro-carriers (Solohill,M) on a rocking platform at

370C. The cells attached to mcro-carriers were placed in a 15m coni cal
tube and the nmediumwas aspirated after allowng the mcro-carriers to

settle. The settled mcro-carriers r ee tjmes.with 4 m PBS
(Wthou;m%we;ﬁ\ﬁﬁﬁ%ae@éhmwsp 13??%?@@%%@%%41@@@@;@?5 to settle
by gravi &dhnﬁﬁg,! ATBBLAL | @t viIlB‘[ﬁt;P#% W&dlafwith %Htté%%daéﬁgyﬂlgﬂ. RfcuBBSwgg added.
The mcro-carriers wth cells were transferred into a single well of a 12

wel | nonTtyips&ilfé Expiessircdcasedsimddr gillatuenbethevopband 1Qamsinaticliowbdtiers rest at an

angle to.allowthe m.cro-carriers to seitle. The PBS spirated and 1m
TrypLeC: Ao g RS s S RSB N ST AP BB AR et To ¢ he
vel | Thgisgcakion Weeni fBEREMAT erdBi96nioRtehbhee Ik @akhideh-eratdkor m for 10 or 20

mnutes. The plate was renoved and 3m DMEM F12 or MEF-CM was added to the

wel I. The medi um was vigorously pipetted, releasing the cells (Figure 13 C,
D). Obser vEERBRIGY: Pﬁa)argaemot:ﬁnﬂlf entigtad PlyripgtentltepheelicaneMitised
detachnment of the cells fromthe m ~carriers. The cells were then
centrifuged at 200 x g for 5 m nutes. e medi um was aspirated and the

pell et was resuspended in Im DMEM F12 or MEF-CM nedium The cells were

t hen couht@deran capd@danets PCAH&6-catiEy, aclembstdicabic® detdaywabe, CA) with

Vi acount dye. .Specji.fically, a ,200. M valune of cells in appropriate

di | ut | onTS TR Ul S RESS TR Rty F4TS 1hd Yot BN MHBP-CROIH nut es. The
vi abi | i tyya6f ne@hddsTHEBIe hropERiodRhahRd188ribiiry @ thépropBey bf N Re-E(t M
Express and Trypsi n/ EDTA di sSociated the cells effectively from

m cr o- cadetaddrand rSitiack. Thy frlle¢ting cxpepmessshosicd dlsa this hes oel d ehafactamstibe

mcro-cargiers and is available as.a roduct . it t est ed agai nst
other poteifid Gtvee Hus R SiiAuset PSR vesirdfil bl ana

Accut as e EX SRt shiieBNSolBll, Mi) afd &hcaBitb i T Bnallspikidct flask (Sdi Nner
flask (Exanple 5) for 10 days. The micro-carriers were then collected and
t r ansf er badew}. oPlengbyied peesantcaltha mpdiummrd was|tikenyerky tha SHEHEX®IPBS TS above

and carriers (Solohill, MI). After 8 days of growth, a 10ml aliquot of the cells on micro-

carriers was placed in a new spinner flask containing phenol red-free MEF-CM, 440mg
of HILLEX®II micro-carriers, and SuM Y27632 (Sigma-Aldrich, MO). After 5 days
incubation at 37°C with 30rpm rotation, the micro-carriers were removed and images
were acquired (Figure 16). The dark micro-carriers shown are the micro-carriers
covered with H9 cells grown in medium containing phenol red. The light micro-carriers
are the newly added micro-carriers. It was expected that the H9 cells would detach and
reattach to new micro-carriers, however, instead the cells formed aggregates with the new
micro-carriers. No light micro-carriers had cells attached that are not also in aggregates
with the dark micro-carriers, suggesting that the cells were not able to detach and reattach
to micro-carriers. In order to propagate cells grown on micro-carriers, the cells must be

enzymatically dissociated from the micro-carriers (sce Example 4).

Since it is now established how human embryonic stem cells can be propagated on micro-
carriers it needs to be determined how human embryonic stem cells propagate in larger

scale spinner flasks. Spinner flasks allow the expansion of cells in high-density systems.
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transferred to a 12 well plate. PBS was aspirated and Im of TrypLE(tm
Express, Accutase(tm or Collagenase (I1Om/mM) was added to the well and

pl aced orwa 2wmaishTrg platformat 370C for 5 or 10 m nut ePCTAI$R009/065062
cells/mcro-carriers were vigorously resuspended in DMEM F12, and then the
di ssoci ated cells and mcro-carriers were passed through a 40mm cel |
strainer over a 50m conical tube. The well was washed with an additional 2

m  medi u al so added to the strajner fore centrlfU|n at 200ngor
5m nut esﬂfifﬁgewééﬁf PSR A oe Eﬂéhﬁlgﬁﬁt PP X RGO ed f or

cel | coung 'té@gthe%ﬁllﬁig’gfj&magﬁérhbr%bﬁ@'s{e'tﬂ Yel MRS pRiliTrhR in 1¥1Her5ﬂask§ ept ed
enzynes. Accutase(tn) and TrypLE(tn) Express released simlar cell nunbers

over 5 apabsde® 43iaclls e/eremeacﬂradtm@nls?mmsgmnef flks. Telisswere Ilmgalﬂsaat@@htmw
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In order to expand cells on mcro-carriers, cells nust be able to detach or

be enzyrr“a?tyupéEW;EXmeg%@ic37a€e£npr t@rﬁatsmlnﬁ it Tevd A M Expegsel theecatls hach to new
m cr o- Caﬁéengar ?siallg%%/&%tgl oéln?%lgge@gg)fm a&d sé’&fé@%% ff.?r@g?é‘vgﬁﬁac%r?{%uée%rs rely

on the prop rea oWl ng experi ment

showed thﬁ@tTth}'ﬁT%a(BDwEtosaeﬁ&w,r(aA) evatat plateof ThusaR vesbresaspeadatiam cel | s.
Speci ficall cells were seeded onto H LLEXd)I| mcrqg-carriers

( Sol ohi | PM %MF 1§r?&d Cﬁw%%a qw%l@?sm?nfswmmcowasﬁﬁqr§@§ﬂﬁ@am Phenol
d t
(Sol bt 11 Tope s e TR LA QRS S GRa MMV PR Sy sl ers

m crocar (’Sl@hS—AA&ﬁCmﬂ\@ﬁﬁhd %Oa:mi?QWHSIDLE[X@J IIfrhidakcatats@Sslohigl, Mignol red-free
MVEF-CM 440ng O HI LLEXd ) m.cro-carriers, and 5mM Y27632 (S ghe- Al dri ch,
MO) . Af t@rﬁp@e@aquhﬁ% Hbtélﬁ nmu&@t@qfc,s WWPUQW phis @ﬁlaW%alaC%@ 3% €erBdcarriers

ver e re”%éﬁ‘ﬁ% r@ﬁf&d‘a‘ﬁﬁ%gﬁat%@[%ﬁcea&gﬁ}r in ti%ﬁciﬁ’“ ien QR ki fpy.carriers

shown ar e mcro-cdrriers cov grown 1 n medi um

cont ai ni agripkend knedﬂnin WTEi‘Betrdns@ImIedm el dSrobspinrer $lask. €T hmlmmﬂyskadahed

m cro- Ca{hgh %Iilgd toI 50rn1 w1th EeFC tC%?pqu %E) JNT %(25'%32 (Slgma-AV\Dlglllc(:jh %/?(t)?%]d I?IQéjed
on a stir plate at 37°C at 40rpm. The following day the medium was changed and filled
to 75ml with MEF-CM plus 5uM Y27632 (Sigma-Aldrich, MO). The rate of stirring was
increased to 70rpm. Medium was changed every other day without addition of Y27632
compound (Sigma-Aldrich, MO). The cells were passaged according to the methods
disclosed in Example 4, and 3x10° cells were reseeded onto 250cm” of new micro-
carriers. The cultures were passaged when they reached a confluency of 1-2x10°
cells/cm”. This was conducted for 5 passages (Figure 17). At each passage pluripotent
marker expression was evaluated showing 80-95% of cells expressed the pluripotency
markers CD9, SSEA4, SSEA3, TRA-1-60 and TRA-1-81 (Figure 19A). A similar
experiment was conducted with H9 p43 cells on Cytodex 3® micro-carriers ((GE
Healthcare Life Sciences, NJ), Figure 18, 19B). Overall, the cells proliferated well on
both HILLEX®II (Solohill, MI) and Cytodex 3® (GE Healthcare Life Sciences, NJ)
micro-carriers and remained pluripotent. Karyotypic analysis was conducted after 5
passages in spinner flasks and showed an abnormal trisomy in chromosome 12 in 1.5% of

the cells. Since these cells were nearing passage 50 at the conclusion of the experiment,
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reattach to new mcro-carriers, however, instead the cells forned
aggregates with the new mcro-carriers. No |light mcro-carriers had cells
at t ached wbabicse77aot al so in aggregates with the dark mCTrus2@ansioer s,
suggesting that the cells were not able to detach and reattach to
mcro-carriers. In order to propagate cells grown on mcro-carriers, the
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conpound (4 SRR TRy S Bh ey PSS N G R Eimid o e
met hods carriers at p48 and were analyzed 5 passages later. H1p55 cells grown on MATRIGEL™

(BD Biosciences, CA) on a planar surface had a normal karyotype. Analysis of the

doubling rates for these cells between day 3 and the day of passaging (day 5, 6 or7)

showed no overall change in doubling times (Figure 23). H1 cells grown on Cytodex 1®

micro-carriers and H9 grown on HILLEX®II micro-carriers (Solohill, MI) showed the

most consistent doubling times (Table 3).

Example 6: Proliferation of Human Embryonic Stem Cells on Micro-Carriers in

Defined Medium

To manufacture a therapeutic product, it is desirable to remove any animal components
from the human embryonic stem cell culture medium. Currently human embryonic stem
cells are maintained on MATRIGEL™ (BD Biosciences, CA) in medium conditioned
using mouse embryonic fibroblasts (MEF-CM). Both MATRIGEL™ (BD Biosciences,
CA) and MEF-CM are derived from mouse cells. Additionally, MEF-CM is an

expensive and time-consuming medium to generate. To determine if human embryonic
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di sclosed in Exanple 4, and 3xI 6 cells were reseeded onto 250cn2 of new

m crocarriers. The cultures were passaged when they reached a confl uency of
1-2x1 05 wel2bwywsas This was conducted for 5 passages (PCgarseood/nysocAt each
passage pluripotent nmarker expression was eval uated show ng 80-95% of cells
expressed the pluripotency markers CD9, SSEA4, SSEA3, TRA-1-60 and TRA-1-81
(Figure 19A). A simlar experinment was conduct ed with H9 p43 ceI | s on
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respectively, cells remai ned pluripotent over the five pass es (Fi gure

22). Kar 9P béﬂ&hEP%@H angEyiqdex dR) 18 thapregangeiak] %MYH(C%S&W ichy eveal ed
dupl i cat th | 1S test | cel |
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H p55 ceHl s 59 dayarsenloMiE RESZELs( M0) on Cytodex 3® micro-carriers. Therefore the

micro-carrier type, Rho kinase inhibitor, and medium all play a role in determining the

ability of human embryonic stem cells to proliferate.

H1 human embryonic stem cells at passage 38 were seeded onto either Cytodex 3® or
HILLEX®II micro-carriers in the presence of Rho kinase inhibitors, 10uM Y27632
(Sigma-Aldrich, MO) or 2.5uM Glycyl-H 1152 dihydrochloride in mTESR (StemCell
Technologies, Vancouver, Canada) or MEF-CM in a 12 well dish. The cells were placed
on a rocking platform at 37°C. The cells were counted at days 3, 5 and 7. Cells grown in
MEF-CM on both micro-carrier types showed typical expansion characteristics in the
presence of Y27632 (Sigma-Aldrich, MO) but exhibited poor growth with Glycyl-H 1152
dihydrochloride (Tocris, MO) on Cytodex 3® (Figure 25). mTESR medium (StemCell
Technologies, Vancouver, Canada) allowed the H1 cells to proliferate on HILLEX®II
micro-carriers in the presence of both Rho kinase inhibitors but exhibited low growth rate

on Cytodex 3® micro-carriers.
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(BD Bi osci ences, CA) on a planar surface had a normal karyotype. Analysis
of the doubling rates for these cells between day 3 and the day of
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of the hMdan enmbryonic stemcell line HO at passage 64 (H9p64) cells that
had been acclimted to StenPro nedium for over 20 passages proliferated
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the presence of 2.5 nM @ ycyl -
Since the human embryonic stem cells can be expanded on micro-carriers, the

differentiation potential of these cells must be determined. Cells of the human embryonic
stem cell line H9 at passage 43 were passaged five times on Cytodex 3® micro-carriers
(GE Healthcare Life Sciences, NJ). At passage 5, the cells were grown for 6 days on the
micro-carriers before being dissociated from the micro-carriers with TrypLE™ Express
(sec Example 4). The cells were then plated on 1:30 MATRIGEL™: DMEM/ F12
coated plates. After the cells became 80 to 90% confluent on the plates they were
exposed to differentiating agents. Differentiation of the human embryonic stem cells to
definitive endoderm was conducted by treating the cells for 2 days with 2% Albumin
Bovine Fraction V Fatty Acid Free (FAF BSA, MP Biomedicals, Ohio) in RPMI plus
100ng/ml Activin A (PeproTech, NJ), 20ng/ml Wnt3a (R&D Biosciences, MN) and
8ng/ml bFGF (PeproTech, NJ). The cells were treated for an additional 2 days in 2%
FAF BSA in RPMI plus 100ng/ml Activin A (PeproTech, NJ) and 8ng/ml bFGF
(PeproTech, NJ). Medium was changed daily. FACS analysis conducted for the
definitive endoderm cell surface marker CXCR4, showed that 87% of the cells expressed
the protein (Figure 27A). A similar experiment was conducted with cells of the human

embryonic stem cell line H1 at passage 49 grown on Cytodex 1® micro-carriers (GE
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H 1152 di hydrochl oride (Tocris, M) on Cytodex 3(r) mcro-carriers.
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to definitive endoderm was conducted by treating the cells for 2 days with 2% Albumin

Bovine Fraction V Fatty Acid Free (MP Biomedicals, Ohio) in RPMI plus 100ng/ml
Activin A (PeproTech, NJ), 20ng/ml Wnt3a (R&D Biosciences, MN) and 8ng/ml bFGF
(PeproTech, NJ). The cells were treated for an additional 2 days in 2% FAF BSA in
RPMI plus 100ng/ml Activin A (PeproTech, NJ) and 8ng/ml bFGF (PeproTech, NJ).
Medium was changed daily. FACS analysis was conducted for the definitive endoderm
cell surface marker CXCR4 (Figure 28). Cells grown on Cytodex 1®, and Cytodex 3®
micro-carriers supported differentiation to definitive endoderm (87% and 92%
respectively while HILLEX®II micro-carriers did not support differentiation as to the

same extent as the other micro-carriers tested in this experiment (42%).

To determine if the cell density affects differentiation of the cells on micro-carriers, cells
of the human embryonic stem cell line H1 at passage 40 were grown on Cytodex 3®
micro-carriers in a spinner flask for either 8§ days or 11 days. Then the equivalent of
about 15 cm” of micro-carriers plus cells was placed in a 6 well dish and placed on a
rocking platform. The cells were then incubated in definitive endoderm differentiating
medium as above. After 4 days the cells were analyzed by FACS for CXCR4 expression.
87% of the cells grown for 6 days in spinner flask expressed CXCR4 while 56% of cells

42



Since the human enbryonic stemcells can be expanded on mcro-carriers, the
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Cytodex 3d) mcro-carriers (CE Healthcare Life Sciences, NJ). At passage 5,
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( Sol ohi | M al | att nt and growth of .H cells. Dff ntiation of
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plates. v%e}eq}lgdba%fd iﬁ' Mcggditriroin%ﬁ%ie & vrv{tﬁrla uM Y27632 at 37°C for four hours

with brief agitation each hour. The cells on HILLEX®II and Cytodex 1® micro-carriers

were placed on a rocking platform. The cells on Cytodex 3® micro-carriers were

allowed to sit undisturbed overnight. The media was changed daily and no longer

included Y27632.

Due to poor attachment in this experiment, the majority of cells in the Cytodex 1® plate
were no longer attached to the micro-carriers. However, longer attachment time and/or
slower rocking speed may improve the cell attachment. After 7 days, the cells were
differentiated to definitive endoderm with 2% fatty acid free (FAF) BSA (Proliant, IA) in
RPMI and the following growth factors: bFGF (8ng/ml, (PeproTech, NJ)), Activin A
(100ng/ml, (PeproTech, NJ)), Wnt3a (20ng/ml, (R&D Biosciences, MN)). For the
second through fourth day of differentiation, the cells were treated with the same media
lacking Wnt3a. FACS analysis of duplicate samples after 4 days revealed CXCR4 levels
of 77-83% positive cells. Definitive endoderm expression was equivalent between cells

grown on the different micro-carriers. See Figure 30.
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HILLEX®II micro-carriers.

To determine if the human embryonic stem cells could be further differentiated into
insulin producing cells, H1 p45 cells were grown on Cytodex 3® micro-carriers (GE
Healthcare Life Sciences, NJ) and differentiated similar to above. Briefly, H1 cells were
dissociated from 10cm? plates with TrypLE™ Express according to manufacturer’s
instructions. Cells were seeded at 1 or 2x10° cells per 6 well plate well. Attachment of
the cells to the beads is described in Example 3. Briefly, the cells and micro-carriers
were incubated in MEF conditioned media with 10uM Y?27632 at 37°C for four hours
with brief agitation each hour. The cells were then allowed to incubate overnight
undisturbed. On day 2 the media was replaced with MEF conditioned media plus SuM
Y27632 and the plates were placed on a rocking platform. The media was changed each
subsequent day without Y27632. On day five, the media was replaced with definitive
endoderm differentiation media, 2% fatty acid free (FAF) BSA (Proliant, IA) in RPMI
with the following growth factors: : bFGF (8ng/ml, (PeproTech, NJ)), Activin A
(100ng/ml, (PeproTech, NJ)), Wnt3a (20ng/ml, (R&D Biosciences, MN)). For the
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total of 24 days of differentiation leading to expression of pancreatic endocrine
hormones. Figure 32 shows the FACS analysis results of the cells at this end point.
Cells with the highest seeding density and differentiated in DMEM-HG from days 6
through 24 had the highest levels of insulin expression (Figure 32).

Alternatively, to determine if the human embryonic stem cells could be differentiated into
insulin producing cells, HI p44 cells were grown in a spinner flask for 7 days on Cytodex
3® micro-carriers (see Example 5). The cells plus micro-carriers were transferred to a
12 well plate at 15cm*/well and placed on a rocking platform at 37°C. The cells were
differentiated to definitive endoderm as above but with DMEM/F12 instead of RMPI.
FACS analysis after 4 days revealed CXCR4 levels of 75 to 77% positive cells in a
triplicate analysis. The cells were then differentiated further with 3 days of treatment
with FGF7 (50ng/ml, (R&D Systems, MN)), KAAD-Cyclopamine (0.25uM,
(Calbiochem, NJ)) in DMEM/F12 plus 2% Albumin Bovine Fraction V Fatty Acid Free.
This was followed by four days of treatment with Noggin (100ng/ml, (R&D Biosciences,
MN)), FGF7 (50ng/ml, (R&D Systems, MN)), Retinoic Acid (2 uM, (Sigma-Aldrich,
MO)), and KAAD-Cyclopamine (0.25 uM, (Calbiochem, NJ)) in DMEM/F12 with 1%
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(0.25 mM (Cal biochem NJ)) in DVEM F12 or DVEMHG wi th 1% B-27 suppl enent
(I'nvitrogen, CA). The cells were then differentiated for three days with
Noggi n ( WOrngioms9776 R&D Bi osci ences, MN)), DAPT ( 1 nM @8rgrsaecdlocsosz h,
MD), A kS5 inhibitor Il ( 1 mM (Axxora, CA)) in DVMEM F12 or DMEM HG with
1% B- 27 suppl enment (day 13, pancreatic endoderm (Invitrogen, CA)). Figure
31 shows the expression level by QPCR for the pancreatic specific genes,
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f rom 10cimDlEM &4 2 wiithhl %7 BPT k(pphgmdnx pdag<y , pacosatic eaddovinteelld, act urer ' s

i nstructions. Cel e.seeded at .1 or 2x1 06 |ls per 6 | plate well.
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the cel |§J£@[E%éﬁt a92‘8§‘fn§ﬁlﬁf-§x}?o4‘€§sﬁlg'd%ﬁ&!?ﬁ%vﬁijogeﬁ, Mib:) %Qﬂetjm%/s pRdia with |

OrM Y27632 at 370C for four rswith brief agitation each hour. The cells
wer e t heexpatssondeve by KRBGBHbethe penareajittsponific genashi@sulinQR delhyndglubrgonedi a was
repl aced w VEF .condi ti oned nedi | us 5uM Y. 2.and t | ates were

bl ced oRMS A SR HG OTEH D AP R AT A A e LA LB OUGRY day

wi t hout XﬁmeW@D Bids@iep@éa,ecgdbaaedf\ﬁangr%mfa&edrﬁ@letx redgbh vkl e
endodermdifferentiation nmedia, 2% fatty acid free (FAF) BSA (Proliant, |A)
in RPM thicssrpankesas s gegesis oweitar fos betgar Jor miose-crricBdigierdntiaicPepio Tech,
NJ)), Activi ( . (PeproTech ), Wit3a (20ng/m, (R&D

Bi osci enéoé%él%aqiﬁo)c?eﬁgggfe ﬂélggeegdﬁd&%l%gs?rﬁ%@%% day of differentiation, the
cells were treated wth the same nedi a | acking Wit 3a. FACS anal ysi s of

dupl i cat ginsknpkesinadntewerd cdadistddev i HOg3 CxdiiRpaksaged snto Cytodex 3® micro-

carriers and expanded in a spinner flask. An aliquot of 15¢cm” of micro-carriers plus cells

was placed in a 12 well plate and placed on a rocking platform with differentiation
medium. This was compared to cells plated on a 6 well plate coated with MATRIGEL™
(BD Biosciences, CA). Differentiation of the cells to definitive endoderm in RPMI and
supplements was achieved, with an average of 83% of the cells expressing CXCR4
(samples in duplicate) compared to 72% of cells expressing CXCR4 on a planar substrate
(Figure 34). Further differentiation to pancreatic endoderm (day 15), pancreatic-
endocrine cells (day 22) and insulin-expressing cells (day29) showed similar expression
levels of insulin and glucagon between cells grown on micro-carriers to those grown on a
planar substrate (Figure 35). The medium components were identical to those listed for
the above H1 differentiation experiment with one additional day in the endocrine cell
differentiating components. At the insulin-expressing stage, cells showed a surprising
decrease in insulin expression compared to day 22. Since the decrease was noted in both
micro-carrier and planar samples, it is likely not due to the attachment substrate. This
shows that H9 cells can also be successfully differentiated to at least pancreatic endocrine

cells on micro-carriers.
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of 97-98% positive cells. The cells were then differentiated further for 2
days with FG-7 (50ng/ m, (R&D Systens, M\)), KAAD- Cycl opam ne (0.25mM

(Cal bi ochwon20MM)y776n DVMEM H gh G ucose (HG pl us 2% FAFPBBAISermbsoant , | A) .
This was foll owed by four days of treatnent with Noggin (100ng/m, (R&D

Bi osci ences, M\)), FG-7 (50ng/m, (R&D Systens, M\)), Retinoic Acid (2 nM
(Si gma- Al dri ch, I\/D)) and KAAD- Cycl opam ne (0. 25 m\/l (Cal bi ochem I\L])) in
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Figure 32 shows the FACS analysis results of the cells at this end point.

Cel | s wi ¢logeran (ﬁlgmtl%eB@SQ@esuBhdiwtyataﬁemﬂhqd@f@htchéw@@nuembmm HG from
days 6 thraudh e adot e nhaRRRdEYS! & flrd0aul i expression (Figure 32).
Al ternatively 0 det ermne A rp

oni ¢ stemcells could be
differenti ated into insulin producing cells, HI p44 cells were grown in a
spi nner f|Exsmple8: Hwiays emibr Gydiosem é’e(lls)passagledacaingleareﬂs (s23DExiepl € 5) .
The cells El Us mcro-carriers were transferred to a 12 well 1pl at e, at
15cn2/ wel FAEMY ‘fﬁs%éﬂt'&ﬁ canhsdgansdersed B‘FlFﬂrﬁt"“sﬁm’éCMrFFé‘feé%T pee while
differentiated to definitive gafadmie ﬁﬁ fvfeybut with DVEM F12 instead of
RWPI. FACS analysis after 4 days revea CXCR% | evels of 75 to 77%
positive cells in a triplicate analysis. The cells were then differentiated
further il thhm@ndapsyanic $t¢ma$'@ﬂsawt3re\nuithre§@7fni@€ecfgﬁﬂﬂs,aCQMDg@/ﬁteem; M) ),
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t r eat menKud4, NuNe oy ICET(CEISmgMYb; PRIRARRBA 0% 6isaB ¢aiture polystyrene (TCPS)
planar surfaces with MEFCM 16 supplemented with 3uM Glycyl-H 1152
dihydrochloride. The cells were seeded at a density of 100,000 cells/cm? in six well
plates and then cultured for one additional passage on the respective surface. Cells were
then either lifted with TrypLE and tested by flow cytometry for pluripotency markers, or
lysed in the well with RLT for mRNA purification and qRT-PCR, or differentiated to
definitive endoderm. Differentiation was induced by treating the cells with RPMI media
supplemented with 2% BSA, 100ng/ml Activin A, 20ng/ml Wnt3a, 8ng/ml bFGF, and
3uM Glycyl-H 1152 dihydrochloride for 24 hours. Media was then changed to RPMI
media supplemented with 2% BSA, 100ng/ml Activin A, 8ng/ml bFGF, and 3uM Glycyl-
H 1152 dihydrochloride for an additional 48 hours with daily media change.

As measured by pluripotency markers, using either flow cytometry or qRT-PCR, cells
cultured on micro-carriers and transferred to culture on Nunc4, Nuncl3, CellBIND, or
Primaria tissue culture polystyrene (TCPS) planar surfaces maintained pluripotency after
two passages on the respective planar surface (Figure 36). Furthermore, the cells
maintained the capacity to differentiate to a definitive endoderm fate as measured by

either flow cytometry or qRT-PCR (Figure 37). Similar results were also obtained in
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MN)), FGF7 (50ng/m, (R&D Systens, MN)), Retinoic Acid (2 mV
(Sigma-Aldrich, MJ))), and KAAD- Cycl opamine (0.25 nM (Cal biochem NJ)) in
DVEM F12 widtzh1 015572 7 suppl ement (I nvitrogen, CA). The ceClraSamwmeiohen
differentiated for three days with Noggin (1 OOng/ m, (R&D Bi osci ences,
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RPM and suppl emsnts was achieved, with an average of 83% of the cells

expr essi AgmeeiRbriona B8 el Mingkib 'cﬁ@érﬁDy FPRP@NSAg b Pnclid’dtRAt fr8bes @Xpr essi ng
CXCR4 on a planar substrate (Figure 34). Further differentiation to

pancr eat ¢Q101@n@5§1@m playingw)cell pa achuster pﬁé fmwll&f@r@elbl@w(cmw TM) and
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those listed for. the above H differentiation experinment with one
addi ti on® erd‘r@ynqlﬁtatnn@e ehawetsnhandlgryotypically stable characteristics of human

embryonic stem cells, the current standard in the art for high quality, reproducible culture
of human embryonic stem cells is to maintain the clusters/colonies of human embryonic
stem cells on a feeder layer of mitotically inactive fibroblasts and to pass the cells using
manual disruption or gentle enzymatic bulk passage with collagenase or neutral protease
or a blend thereof. These passage methods maintain human embryonic stem cells clusters
and promote colony style growth of human embryonic stem cell. After a stable human
embryonic stem cell line is established the cells can be transitioned to an extracellular
matrix (ECM) substrate such as MATRIGEL™. However, whether the cells are grown
on fibroblast feeders or on an ECM substrate, the recommended passage method for
human embryonic stem cells specifically instructs technicians not to fully dissociate

human embryonic stem colonies.

The current best practice for large scale culture of mammalian cells is to use a 3-
dimensional culture vessel that tightly maintains homeostatic, uniform conditions and can
incorporate micro-carriers for support of adhesion dependent cells. However, the current

standard methods used for human embryonic stem cell culture- growth on fibroblast
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differentiating conponents. At the insulin-expressing stage, cells showed a
surprising decrease in insulin expression conpared to day 22. Since the
decr ease waonaisetsi n both mcro-carrier and pl anar sanplCediS2000/06362 i kel y
not due to the attachnent substrate. This shows that H9 cells can al so be
successfully differentiated to at | east pancreatic endocrine cells on
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Nuncl 3, EEM.8Itdgtem), or PRIMARI A(tn) tissue culture polystyrene (TCPS)

pl anar surfaces with MEFCM 16 suppl enented with 3nM d ycyl -H 1152

di hydrocphloride. The cells were seeded at a density of 100,000 cells/cn2 in
six wel | W8 (Leﬁggbeah%ow A thag) W@P%ag‘ﬁﬁs%%seat& Dc“‘r‘%ﬁ?&’fd?ﬁasvg%@%m%tﬁaﬁe

respect i §& 86drRER hufdah bRk (iBARBCLIRGEs bl @lidbtRolicy Bk E and tested by
flow cytometry for pluripotency markers, or lysed in the well with RLT for

MRNA pur infitbgeliyonacivd figRbBI BCRedarlayhirfdirectinto aatiegle tell défurasysienethendoder m
Differentiati opn was ind ch by t e%t'n Ehe cells.with Mllnedia
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to RPM nedi a supplenmented with 2% BSA, 100ng/ml_ Activin A, 8ng/m  bFGF
and 3mV @ juggdn embryonic stem without any manual removal of fibroblast feeder cells or

selection of pluripotent cells from the total cell population to convert the culture directly
from colony style, fibroblast feeder based culture to feeder free/matrix free culture on
PRIMARIA in the presence of the Rho Kinase (ROCK) inhibitor, Glycyl-H 1152
dihydrochloride. This method can be completed in a sealed vessel to adhere to regulatory
requirements and produces a highly homogeneous human embryonic stem culture that
retains pluripotency and the ability to differentiate to definitive endoderm, and does not

contain a fibroblast cell population.

Method: Cells were routinely passaged by aspirating media, washing with PBS, and then
treating the cells with a dissociation enzyme (collagenase, Accutase™,or TrypLE).
Collagenase was used at Img/ml concentration; Accutase™ or TrypLE were used at 1X
stock concentration. All enzymes were used after reaching room temperature. A solution
of 2% BSA in DMEM/F12 was added to each well and cells were uniformly suspended
in the solution after treating the cells with enzyme. Cells were then centrifuged for 5
minutes at 200g, the cell pellet and additional 2% BSA in DMEM/F12 solution was
added to resuspend cells and the cell suspension was distributed to three 50ml sterile

conical tubes and centrifuged for Smin at 200g.
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H 1152 di hydrochl oride for an additional 48 hours with daily nmedia change.
As nmeasured by pluripotency markers, using either flow cytonetry or

gRT- PCR, wel2bn/msgi7sured on micro-carriers and transferr edTius2al06306E2 on
Nunc4, Nuncl 3, Cell BIND, or Primaria tissue culture polystyrene (TCPS)

pl anar surfaces maintained pluripotency after two passages on the
respective planar surface (Figure 36). Furthernore, the cells naintained
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enbr yoni ¢Sttt gance (Kighes 3and pronote colony style growth of hunan
enbryonic stemcell. After a stable human

2™ passage: Cells were passaged at a ratio of 1 to 4 using a 10 minutes exposure to
TrypLE™ or Accutase™. We also introduced a shorter enzyme exposure time that was
determined empirically by treating the cells and monitoring for detachment. We
observed that 3 minute exposure to TrypLE™ and 5 minute exposure to Accutase’ " was
sufficient to lift the cells. After treating the cells with enzyme, the cells were passaged as
described above and aliquots of cell mRNA were taken for qRT-PCR at the time of

passaging.

3" passage: Upon reaching confluence cells were washed with PBS, disrupted with
enzyme for 3 or 10 minutes (TrypLE™) or 5 or 10 minutes (Accutase' ), suspended in
2%BSA in DMEM/F12 and centrifuged, washed again with 2%BSA in DMEM/F12,
centrifuged, and then resuspended and plated in their respective media. At this passage
cells were plated at 1:4 ratio and also at 2 additional split ratios- 1:8 and 1:16. Aliquots
of cell mRNA were taken for qRT-PCR at each passage.
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enbryonic stemcell line is established the cells can be transitioned to an
extracellular matrix (ECM substrate such as MATRI GEL(tm) . However, whet her
t he cel | swanrelogsgmwm on fi brobl ast feeders or on an ECM subbatse@vaesoshe
recommended passage nethod for human enbryonic stemcells specifically
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supplemented with 2% BSA, 100ng/ml Activin A, 20ng/ml Wnt3a, 8ng/ml bFGF, and

3uM Glycyl-H 1152 dihydrochloride for 24 hours. Media was then changed to RPMI

media supplemented with 2% BSA, 100ng/ml Activin A, 8ng/ml bFGF, and 3uM Glycyl-

H 1152 dihydrochloride for an additional 48 hours with daily media change. Samples

differentiated to definitive endoderm were then tested for the presence of the definitive

endoderm marker CXCR4 by flow cytometry (Figure 40).

These results indicate that bulk passage from colony style, fibroblast feeder based culture
to feeder free/matrix free culture on PRIMARIA in the presence of the Rho Kinase
(ROCK) inhibitor, Glycyl-H 1152 dihydrochloride results in a highly homogeneous
human embryonic stem cell culture that retains pluripotency and the ability to

differentiate to definitive endoderm, and does not contain a fibroblast cell population.

Example 10: Human Embryonic Stem Cells Transferred from Tissue Culture
Plastic to Micro-Carriers

HI cells were cultured on PRIMARIA™ (cat. no. 353846, Becton Dickinson, Franklin

Lakes, NJ) tissue culture plates (method in Example 9) and released by treatment with
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requi renents and produces a highly honogeneous human enbryonic stemcul ture
that retains pluripotency and the ability to differentiate to definitive
endoder mwendiodsewsnot contain a fibroblast cell popul atcons2edenbiod2 Cel | s
were routinely passaged by aspirating nedia, washing with PBS, and then
treating the cells with a dissociation enzyne (coll agenase, Accutase(tm, or
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cluster/col ony sStyle human enbryonic stemcells to a Primaria surface by
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bt or m e 0 seS kg el Tttt 4aaF D e i TGS A6 Bhar o,

After plgl n%?&eﬁ&ﬁn@&'efs%lb@%ﬂ]ﬁﬂﬂasm -3¢ eG0dRR MY -8 2 Bigh £ hﬁ) pinat ed in

VEF- CM+ d ycyl -H 1152 di hydrochl oride were fed dai lﬁ with MEF-CM + | M
\e)
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Fi gure 39

Sciences, NJ) and HILLEX®II (Solohill, MI) micro-carriers. Overall, the cells remained
pluripotent when transferred from PRIMARIA™ (cat. no. 353846, Becton Dickinson,

Franklin Lakes, NJ) cell culture plastic onto micro-carriers.

Next these H1 cells on the micro-carriers were differentiated to definitive endoderm. The
method is described in Example 7. After 4 days of differentiation, the H1 cells were
released from the micro-carriers and underwent FACS analysis showing greater than 82%
of the cells expressing CXCR4. See Figure 46. The cells were efficiently differentiated
into definitive endoderm regardless of the micro-carrier type or passaging enzyme on
PRIMARIA™ (cat. no. 353846, Becton Dickinson, Franklin Lakes, NJ). This proves the
flexibility of the expansion system and allows for cells to be grown without matrix on

plastic and micro-carriers.

Example 11: Human Embryonic Stem Cells Transferred from Planar Substrates
Consisting of Mixed Cellulose Esters to Micro-Carriers

HI cells were cultured on planar substrates consisting of mixed cellulose esters for 12
passages, according to the methods disclosed U.S. Patent Application No. 61/116,452.

The cells were released from the planar substrate by treatment with TrypLE™ Express
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2nd passage: Cells were passaged at a ratio of 1 to 4 using a 10 m nutes
exposure to TrypLE(tm) or Accutase(tm). We also introduced a shorter enzyne
exposur e wormeiwdsat7swas determ ned enpirically by treati rgTiuseocmbios2 and
nmoni toring for detachnent. We observed that 3 minute exposure to TrypLE and
5 m nute exposure to Accutase was sufficient to lift the cells. After
treating the cells with enzyne, the cells vvere passaged as descri bed above

3rd pasehie:s DBy RAERTIRY EBITYHUEU D FaTHE LGRSl i nY PRSLR: of upt ed

W th enzy@RGEQcabh®dre 1 PfeNeHiba&s N@JBNHI—L&KE)@))I (Sb10Ri1PMB Ehiflo k&S s in
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agai n wi MEF2085pui hODVENL FG32, (Sa;gm Alldmgl;leMO)an‘tlS 4 betrot, dslidendegroamd pl at ed

L ors cob SRR TR piits () BiBERAEHECAT, padsallEl iR BHGR R Lo | “hrra

ver e t ak@mgd/en) WrE TH@?}e@bn@é’e‘éHedJ@tﬂﬁ AYEroARRS SR YES Siniilal RRNEGNdiIhkipRis adopt ed
for tinme of exposure to enzyne and passa%%ratl 0 at passages 2 and 3 were

mai nt ai nEArCfipgPFdsEAGE ﬁarémﬂms@i agitasion byiheed eyrsy daiminwtes.gFeswletss 86HF | uence
cells we Sl [ d tine,
suspende%&ll 3%%}%\“{\%101(5 ﬁjﬂ] an c'erl})t{gr aPuge J aﬂ }ef}ie?}r?e&a H}h%Z% :BSA in

DVEM F12¢ellsevdrs idlesgedi(desutibet! ﬁleExﬁmpth@eilﬁd@dalyfbdtHyelFACS é@mﬁeplu\t@otmdy a at
t he specified Iat g ratio. ia for cells plated to PRI.MARI A was

suppl erreﬂ*@%lﬁr i) %1?/4X %Tﬁ”si @r WMB‘@%I(&%“H%“Q thsanyipry & pl ati ng.
Af t I o + 3mM

a ycyl | H1is" %ﬁ%&oﬁﬂf LAy QP AR B ARG B R oy
1152 di hyldaratifftroncad detwilen quidd gowh we@YT@BIHK B@raedtHikEEXf@ii[ ngéd- PCR at t he

ti f . At th tl t t |1
assayed FORoR! EPRBERHE o TRoRoL TRt AT HEOBRLY Surf ace mar ker o
(Figure H@L@K@IMM&B&B@B §1ﬁée PhHpbERE ﬁ&@%e&?@orﬁlﬁﬂe@%@%ﬂe@%ﬂgj&éﬁn’ﬁ%er S

(Figures 41, 42, and 43). | s were al'so differentiatéd to definitive
endoder n(sb@Ep;amplq g Qvsealle élel ellpiamt@ppd plygddtancy when transferred from

planar substrates consisting of mixed cellulose esters onto micro-carriers.

Next, H1 cells on the micro-carriers were differentiated to definitive endoderm,
according to the methods described in Example 7. After 4 days of differentiation, the H1
cells were released from the micro-carriers and underwent FACS analysis showing
greater than 65% of the cells expressing CXCR4 (Figure 48). The cells were efficiently
differentiated into definitive endoderm regardless of the micro-carrier type. There
appeared to be a lower number of cells differentiating into definitive endoderm on the
HILLEX®II (Solohill, MI) micro-carriers. The ability of the cells to differentiate proves
the flexibility of the expansion system. Additionally cells can be grown and
differentiated directly on membranes and micro-carriers eliminating any need for an

animal component matrix.
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Table 3: The population doublings for H1 and H9 cells grown 5 passages on
Cytodex 1®, Cytodex 3®, or HILLEX®II.

Cell line-micro- Population Standard Deviation
carrier doubling

HO-HII 27hrs 4.1

H9-C3 32.4hrs 12.8

HI-C1 20.3hrs 3.7

HI1-C3 25hrs 12.8
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pl uri potency markers were expressed on greater than 90% of the cells. There
were no clear differences between cells grown on CYTODEX 3(r) and

HI LLEX(r )WO 2miooniserar ri ers. H p44 control cells were not predaiSea9f063062

pluri potency after growh on HILLEX(r)Il mcro-carriers, since pluripotency
had been confirmed by other experinents (see Exanple 5). Overall, the cells
mai nt ai ned pl uri potency when transferred from pl anar substrates consisting
of m xed cellul ose esters onto mcro-carriers. Next, H cells on the
mcro-carriers were differentiated to definitive endoderm according to the

met hods described . in Exanple 7. After 4 days of differentiation, the H

cel | s webeblicatignssdfgd thrgnghonbthng dqcyment a1¢ beisby Hipornogipdhntelpaess 8ABIY si s
show ng er, 9 i KOs ). The
cells We?‘l{etﬁrgt fﬁé@gﬁ%‘? gééﬁh ?%%%%ﬁ%‘?gét e?xﬁ%%ﬁ%ﬁﬁl%ﬂ% ve gﬁﬁ%g%g]?ﬁer gardl ess
of the meferonccdo ck@npley pel prifearcd cappdarends, itoviddcappeormtedribatiter scope ofl | s
differentiating intp_definitive.endoderman.the Hi r)Ll (Solohill, M)
i cr o- oo ey<aHoteRERF PRYPYIC fiaels flerctpl ey i ot g 58"t he

flexi bi | plopeidf cdRBu&XPRIS hARCiBXSbEMtedsl ti onal |y cells can be grown and
differentiated directly on nenbranes and mcro-carriers elimnating any
need for an ani mal conponent matrix. Table 1: Attachnent of HO cells to
mcro-carrier beads in MEF-CMin static cultures. Table 2 : Attachnent of H
and H9 cells to mcro-carrier beads in VEF-CMwi th | OrM Rho ki nase

i nhibitor, Y27632. Table 3 : The popul ation doublings for H and H9 cells
grown 5 passages on Cytodex 1(r), Cytodex 3(r), or H LLEX(r)!!.Publications
cited throughout this docunment are hereby incorporated by reference in
their entirety. Al though the various aspects of the invention have been
illustrated above by reference to exanples and preferred enbodi nents, it
w Il be appreciated that the scope of the invention is defined not by the
foregoi ng description but by the follow ng clains properly construed under
principles of patent law What is clained is: 1. A nethod for the
propagation of pluripotent stemcells, conprising the steps of: a .
Attaching a popul ation of pluripotent stemcells to a first volune of

m crocarriers,
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b. Culturing the pluripotent stemcells on the first volume of
mcro-carriers, ¢ . Renoving the pluripotent stemcells fromthe first

vol une ofwoizeroasar7si ers, and d. Attachi ng the popul ati orcofuspéoansiwer ent
stemcells to a second volune of mcro-carriers. 2. The method of claim 1,
wherein the steps of culturing, renoving and attaching the pluripotent stem
cells on mcro-carriers are is repeated using subsequent vol unes of

m cro-c iers.. 3..The nethod of claim1l, wherein the first volunme of

m cr o- caritbP€ldined i ect ed from t he group consisting of dextran
mcro-carriers and polystyrene mcro-carriers. 4. The nmethod of claiml,
wher ei n t hg SRGR&RLY RIr WiEpBhaditieh Of FAFipbIRASstdrd cSIBY, 86thpHsihg B stdpS ol oup

consi sting of dextran mcro-carriers and pol ystyrene mcrocarriers. 5. The
met hod of claim11, wherein the pluripotent stemcells are attached to the
first volune of am Afteching ¢ penudation q@@irmﬂt%mem w$illpép afifpgolmeadeniciohi bi t or .
6. The net hod of c&gﬁg)l, wherein the pluripotent stemcells are attached
to the second vol uhie of” micro-carriers in medi um cont ai ning a Rho ki nase
inhibitor. 7. The nethod of claim1, wherein the pluripotent stemcells are
removed from t hé. f Calkiringothe pluripbtent gem-cels on thedirkywobinzy ofrnicco-careatsyent . 8.
The nmethod of claim1l, wherein the pluripotent stemcells are renoved from
the second volune gf micro-carriers by enzymatic treatnent,. 9. The net hod
of ol ai m1,  wherel RMREIE I LRI ERRSTOSH Colfg R S TP eILPE Of @ii50ed 1 1 om t he
pluripotent stem cgligspigor to attaching the cells to the second vol une of
mcro-carriers. 10. A nethod to differentiate pluripotent stemcells to

i nsulin-expressing cells on mcro-carriers conprising the steps of: a .
Attachi ng the pldur Apatherg the pepwleieon ef nleripotowsistampcadls t@rﬁ@@@ﬂda{pﬁm@r@f, b.
Dfferentiating thgn&%géﬁgﬁgent stemcells to cells expressing markers

2. The method of claim 1, wherein the steps of culturing, removing and attaching the
pluripotent stem cells on micro-carriers are is repeated using subsequent volumes

of micro-carriers.

3. The method of claim 1, wherein the first volume of micro-carriers is selected from

the group consisting of dextran micro-carriers and polystyrene micro-carriers.

4. The method of claim 1, wherein the second volume of micro-carriers is selected
from the group consisting of dextran micro-carriers and polystyrene micro-

carriers.

5. The method of claim 1, wherein the pluripotent stem cells are attached to the first

volume of micro-carriers in medium containing a Rho kinase inhibitor.

6. The method of claim 1, wherein the pluripotent stem cells are attached to the

second volume of micro-carriers in medium containing a Rho kinase inhibitor.

7. The method of claim 1, wherein the pluripotent stem cells are removed from the

first volume of micro-carriers by enzymatic treatment.
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characteristic of the definitive endodermlineage, c . Differentiating the
cells expressing markers characteristic of the definitive endoderm|ineage
into cel Iwoexpresswsng mar kers characteristic of the panecealsc@pedezrier m

| ineage, d. Differentiating the cells expressing markers characteristic of
the pancreatic endodermlineage into cells expressing markers
characteristic of the pancreatic endocrine lineage, and e . Differentiating

the cells expressin rkers characterjstic of the pancreatic. endocrine
li neage i n'?go J,’Fh%{ﬁlﬂhgd gg ﬁtaggir Wger@g g _piurlpotent stem cell£ are removed from (ghe
second volume of micro-carriers by enzymatic treatment.
9. The method of claim 1, wherein the first volume of micro-carriers is removed

from the pluripotent stem cells prior to attaching the cells to the second volume of

micro-carriers.

10. A method to differentiate pluripotent stem cells to insulin-expressing cells on

micro-carriers comprising the steps of:
a. Attaching the pluripotent stem cells to a volume of micro-carriers,

b. Differentiating the pluripotent stem cells to cells expressing markers

characteristic of the definitive endoderm lineage,

c. Differentiating the cells expressing markers characteristic of the definitive
endoderm lineage into cells expressing markers characteristic of the

pancreatic endoderm lineage,

d. Differentiating the cells expressing markers characteristic of the pancreatic
endoderm lineage into cells expressing markers characteristic of the

pancreatic endocrine lineage, and

e. Differentiating the cells expressing markers characteristic of the pancreatic

endocrine lineage into insulin-expressing cells.
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