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Field of the Invention

[0002] The present invention relates generally to the field of cell culturing. More
specifically, the invention relates to a substrate coated with an extracellular matrix composition

suitable for culturing embryonic stem cells.

Background of the Invention

{0003] Embryonic stem cells are characterized as cells with high telomerase activity,
infinite capacity for self-renewal, and pluripotency (the ability to differentiate into any cell type
represented in the three germ layers, ectoderm, endoderm and mesoderm). As a result, a great
deal of hope is associated with the potential application of human embryonic stem (hES) cells in

the fields of gene/cell therapy and regenerative medicine.



[ 0003] Enbryonic stemcells are characterized as cells with high

tel onerase activity, infinite capacity for self-renewal, and
pluripotency (the ability to differentiate into any cell type
represented in the three germlayers, ectoderm endoderm and
mesodern). As a result, a great deal of hope is associated with the
potential application of human enbryonic stem (hES) cells in the
fields of gene/cell therapy and regenerative nedicine. [00041The
first successful derivation of human enbryonic stem (hES) cells was
reported by Thonson, J. A et al. (Science (1998) 282:1145-1147). In
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Summary of the Invention

[0009] The present invention provides culturing apparatuses and methods using such
culturing apparatuses for the stable, consistent propagation of pluripotent embryonic stem cells
in a substantially undifferentiated state without utilizing a feeder layer to support the growth of
the cells, wherein the stem cells are propagated on an extracellular matrix (ECM) coated surface.
Surprisingly, it has been discovered that, in order to propagate and maintain embryonic stem cell
cultures in an undifferentiated state, it is not necessary to provide an extracellular matrix coating

in an amount sufficient to produce a 3D matrix for the cell. Rather, the extracellular matrix



substrate; and a coating thereon. The coating includes at |east one
extracellular matrix protein and can be forned by a coating solution
including the extracellular matrix protein and an aqueous sol vent,
wherein the total protein conposition in the coating solution is
about 10 utg/nml to about Ing/ M or higher. In situations where the
concentration of the total protein in the coating solution exceeds 1
nmg/m, it is possible that the total protein nay exceed the protein
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[ 0017] The present invention also provides a culturing apparatus for
culturing pluripotent enbryonic stemcells including: i) a container
suitable for culturing cells; ii) a fixed concentration of
extracellular matri x conponents, wherein the extracellular matrix is
in adried state on at | east one surface of the container; and
optionally, iii) an agent suitable for stabilizing the extracellul ar
matrix in a dried state. [0018] Al so provi ded are nethods of preparing
the cell culture products/apparatuses of this invention. In sone
enbodi ments, the method includes applying an extracellular matrix
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Brief Description of the Figures 10022]FIG 1 is a graph of collagen
|V ELI SA data. The graph conpares the absorbance signal obtained from
different ECM coated surfaces. 10023]FIG 2 is a bar graph conparing
the % OD signal (y-axis) obtained under different bl ocking conditions
and tenperatures for an ECM coated surface of the present invention.
For each of the conditions shown on the x-axis, the first, second
and third bars (left to right) represent the signals obtained at

-20C, 4C and roomtenperature, respectively. In this experinent,
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100241An 1 nproved coated culture surface is provided herein for
propagating cells, including enbryonic stemcells, and particularly
hES cel | d nai i i j - I el . j .
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| ot-to-1ot consistency, which is needed for standardi zed ES cul tures.
It is noted that the terns "cell culture product”, "culturing
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sonme enbodi nents, the present_invention is directed to.a cell culture
pr oduct embryonic stem cells including: i) a container suitable for culturing cells; ii) a fixed

concentration of extracellular matrix components, wherein the extracellular matrix is in a dried
state on at least one surface of the container; and optionally, iii) an agent suitable for stabilizing

the extracellular matrix in a dried state.

[{0018] Also provided are methods of preparing the cell culture products/apparatuses of
this invention. In some embodiments, the method includes applying an extracellular matrix
coating solution to a surface of a substrate, wherein the total protein concentration in the coating
solution is about 10 pug/ml to about 1mg/ml. The method also includes incubating the coating
solution on the substrate surface; removing the incubated coating solution from the substrate; and
washing the substrate after the removing step. Finally, the method includes drying the washed

substrate; and sterilizing the dried substrate.

[0019] In other embodiments, the culturing method includes the steps of a) applying a
first liquid solution containing an extracellular matrix in a fixed concentration to a container
suitable for cell culturing, wherein the extracellular matrix includes at least laminin; b)
incubating the container for a period of time sufficient to allow binding of the extracellular
matrix with the container; ¢) removing said first solution from the container; d) washing the
container to remove any of the first solution remaining in the container; and e) drying the

container. In some embodiments, the extracellular matrix includes a mixture of laminins. For



including a substrate; and a coating thereon deposited froma coating
solution. The coating solution includes a m xture of extracellular
matri x proteins and an aqueous sol vent, wherein the total protein
concentration in the coating solution is about 10 pg/m to about
Img/mM . In sone preferred enbodi nents, the total protein
concentration in the coating solution is about 30 gg/m to about 300
gg/m . In nore preferred embodi ments, the total protein concentration
in the coating solution is about 30 gg/m to about 200 pg/m . |

[0026] Th X FISTENI PSS 05 I’%‘/‘“P‘H@PW&&“ Broppsed-gpda &‘taég?tr?'ég‘éq gy igplude

MRt ri X PROS & fiste of MestQRorRRNRGbIE Nirther diRdRRALs! tHE eSS AR In i NTn¥bYs @
of alamnin and at |east one other extracellular matrix conponent.

In some eniloiofisntimin anchentaetintlnsell furber ambedimsnis, theevirasel ailar gty includes a
i soform p X ents, the m xture includes at | east one
| am ni n éﬁn’g %%?gc?r? ng cim?%qt her enbodi ments, the m xture includes at
| east one lam nin and collagen IV. [0027] Non limting exanpl es of
extra-cel r mat I i

Cnel e ubpT T Fker TR SRSl dlhD EpBRERE Qbm YER Lo
various pmbidiagity tenssthgl nydm@amam@iglaccaﬂsumndpmohw Imck.ehng'ﬁﬁsbstrate, and a
extra-cel |l ul ar r i,d sol

ox oo b ping beoh Bt PR Pl St B DR PR gt [idhiafh S 8
enbodi mesttrack! uear atrixapro@ink urhdaarn dyatduk Xolmltmlmetat Eoinecoacmpatsedn dfe

| ecul es_that f b d b
o, onb Bt AEISIon PSSR I STICt TG S/ P P CEE B ehap Hedie

| east Onﬁdd?ﬁélﬁsfus@ﬁ&bﬁ@ﬁénhﬂ#i/@fc sl”!aﬁ ewg a6OfRAE ethe cdlrbuamq)r@m‘e@ehment s
t he coatlnglnclude a m xtur mnlns (}E} 29|n t her

enbodi neficabatipg de SHAEORIG St a@é" Pafﬁ'H‘FH 3y éﬂ fre. A

sui tabl eumﬁff&muafeatcbrana‘ewor%mryba;mstahmenyép@né.yn col I agen m xt ure is
about 1.5 to about 2.5. In one enbodinent, this coating further

i ncl udes one or nore of the follow ng corrponents entactin, heparan
sul fate pjajeog! yqa&&né(hﬁ?@)nbame%q% hethd&tPpopa aﬂn%é}ﬁﬁry&ﬂpﬂgﬂn@@lm s,
the coating includes a | am nin/entactin m xture. still
further é&ebdes thesesof 2 pevidngantgparaibs fog E@P%aF'WIHW'W%F@EWPWC giEwRtcale.
For exang,€incidqd4ichARME: ﬁ‘aﬂméggca&#nugwﬁ $Rn BRRLERA D Al 1 NG
BD | am ni'n/entactin co ecton, D cki nson Co.; catal og no.
354259) Aorsenittatibn; evhmlrgm extemlbllarr@ramwgclumahlpm entiziot dnd Vd‘@wm W& is
about 5t n.

i ncl ude aqracg%gaﬁén%%mé ¥ @B?egdrrﬁ ﬂzt‘mfo EF %\f/?n%r)lgftth ype e\/ ﬁt %"e"n
hepar an ﬁuihkahdu@sdteesmb yf:ba)raddlﬁgﬁléﬁ) cultgregutdiuni alat}msbe@rme\o@nb'i nati ons
thereof. conditioned by an appropriate feeder culture to the container; and ¢) adding undifferentiated
pluripotent embryonic stem cells to the container. Moreover, the method includes the step of d)
incubating the container including the pluripotent embryonic stem cells under a suitable

condition to allow for the propagation of the pluripotent embryonic stem cells.

Brief Description of the Figures

[0022] FIG. 1 is a graph of collagen IV ELISA data. The graph compares the absorbance

signal obtained from different ECM-coated surfaces.

[0023] FIG. 2 is a bar graph comparing the % OD signal (y-axis) obtained under different

blocking conditions and temperatures for an ECM-coated surface of the present invention. For



[0031] I n further enbodinents, the extracellular matri x coating

i ncludes at least lamnin, collagen IV and entactin. In one

enbodi nent, the | am nin conponent is present at about 40%to about
70% of the extracellular matrix conponents. In one enbodi nent, the
col l agen 1V conmponent is present at about 20%to about 40% of the
extracellular matrix conponents. In one enbodi nent, the entactin
conponent includes between about 3% to about 15% of the extracellular
matri x conponents. In one enbodi ment, the extracellular matrix
conponenezhfofithe lsenditions shaven dneghax-axis,she firat, secprdong dloytdy/terandett igrighid h
factors, and ~T - r nases,
or & conBHrar B slEe auFee 050y 1 8 ERERBlb, PR APIBLR 10

i ncl udes egterimeatsfuctoasgrivas preseaiah ttegdorking compesitdniana enndertiapan anl . 33% fvat. e
prot eogl ycans. For exanple, a coating solution my be prepared by
diluting a basenent nmenbrane protein extract, such as BD Matrigel Tm
Basenent Dikilbd Decrilkibii bkthe Bewsneion Di cki nson & Co., Bedford, MA). A
sui tabl e ight ratio for Matrigel TMis about 5 to about 9. This
protein &‘ﬁa&aﬂ% ®1s, in parts by weight, about 50-85% | ami nin,

5- 30% coldoagen IVAanan%e@aéa@satmnuré@mmgﬁrp}omed htrelOfte propagatiig sk at e
pr ot eogl ycans. For exanp i n_one enpodi nent, the copating ?I ution

may be p#@b‘&ﬁ’é&”@?’“ﬂiclsm ‘h" s, angpariHa Y JES FRAl VARG W%‘“faﬁ’éﬂﬁm?‘hﬁ fapgesyal

56% | ami gidihuaReMEy aﬂa@c&ﬂkmg@rr&x{e}{dea&};@ﬂo@muﬁqe&/e@m;eacsqﬁce MdAggeflil as
heparin sul fate proteoglycans, growh factors and matri x

met al | opAoived framake EHDOmHT) Iat-toriet varshs ity e protein qpacesiralionasm comagsitioats i x
coating ificlhdese ;ﬁ?s%h'ttm@e%%& amumu@s th@p&utfoé&égreﬁ)ér& #9péhd! e\(ha@m AR
7% entactin, as wel arin | fate proteoglycans, growt

factors, oblire mmrpwm&dpﬁlorf rgeb| r@a@eﬂsﬁtmmlbste%t@rﬁﬁlaefveekh a&i@d@ pigcular,

sol uti on, r l.akl

& owt h FARP IR RRA TR G EMebT R et ool iR AR o ightesiom
Bedf or d, coviyositinifar fESionttinadBds ¢ediviriira produdtipeyédes [0ttt cansisigatyi, which is
amount s of 6.1 % o Vv « >
enbodi meH?Edg‘{) ogg%&tagngé%é)ﬁ%mreg ﬁ%‘? f’@gé)ﬁ' tlﬁ%tglérxgaﬁé@x@@ééc%f)‘ﬁmf cummn
derived fpparana” amithalikamapbacehingrchaegebblghecinl n one enbodi ment , the
pl acental nmenbrane is a human pl acental mnenbrane. 100351The
concentration of extracellular matrix conponents suspended in the
coating [0025] In some embodiments, the present invention is directed to a cell culture product

including a substrate; and a coating thereon deposfted from a coating solution. The coating
solution includes a mixture of extracellular matrix proteins and an aqueous solvent, wherein the
total protein concentration in the coating solution is about 10 pg/ml to about Img/ml. In some
preferred embodiments, the total protein concentration in the coating solution is about 30 pg/ml
to about 300 pg/m!. In more preferred embodiments, the total protein concentration in the

coating solution is about 30 pg/ml to about 200 pg/ml.

[0026] The coating preferably includes a mixture of extracellular matrix proteins. In
some embodiments, the coating includes a mixture of a laminin and at least one other
extracellular matrix component. In some embodiments, the mixture includes more than one
laminin isoform. In some other embodiments, the mixture includes at least one laminin and

entactin. In further embodiments, the mixture includes at least one laminin and collagen IV.



solution and applied to surface suitable for culturing cells provides
an optimal extracellular matrix |layer on the surface that allows for
consi stent performance of the cell culture surface in maintaining
enbryonic cells in an undifferentiated state. The present inventors
have found that, if the concentration of the extracellular matrix
conmponents on the surface is too | ow, then enbryonic stem cell
propagati ng col ony nunbers may be reduced. If the concentration of
the extracellular matrix conmponents in the solution is too high, then
t he extrd@BF] ul ar Ner-Hmgingsrpaplierisxtingeliyioe eppixnagiecuiss vedplin thempresent
creating ey 1hHMJeQ’{bPan€PtH U ¥roldctifl, éoﬁ§g%n§ NRfnid, e?tz?srtlHr\%h@l% prbt@é@#caﬁg
protein on the surface an otenti al Ffectlng the ability o

enmbr yoni glysessminpglyranstod ibﬁdigagﬂteeextr{i%@@] MatrgrreMeRtRIEH aresispendeeingel |
culture I r
corrponen?1 ngﬁag@uAP P %é‘% ?loe?%&cr)]#y r[%nglgaré@%efnbogm%ﬁctéﬁi ? ﬁghée%%j(': i t+

mat ri x cexperdnksmatrie cpmpeents aicrvompekei efimgleaties that ferm 4 aenend membrane.
surface of a container. [0037]In one enbodi nent of the present
invention, the extracellular matrix conponents are applied to a

cont ai nef(28] a concwaiebdribbd ai:m\f@,fin beteendmzats) thi Oodfing imeludanaimadoe bf 00

pg/ mL. In _ane di ment [acel lul ar onents .are plied.to
D cont ai TSP RGN cihst oot D EPE PRp Bl TSt B R AR e fiauhe
300 pg / mdcludkdn mixpae bf lanirads. enbodi nent, the extracel | ul ar conponents

are applied to a container in a concentration of about 100 pg/ni.
[ 0038] The anmount of liquid solution containing a fixed concentration

of extragghbpl ar NMREEh&XoEEERBOEMeHts ARPEdaBRk holubdia 18aRiAdoNesen TRYmiX@FY
dependi n%‘t on the t%/ltrpe and size of the container and the concentratl on

of "the. o HEs VEEATERDBA G ypeN o] RS MK LAtOB 5 FAbGHE-S. I one
enbodi mepfpo@LNERR c@eﬁf?igtfur@}epﬁcl%é R Hr ABRY He- f@l[dﬂiﬁ’g &fmﬂoh% @ntactin,

solution are applied cn2 of container area (nlL/c . I'n one
enbodi mefiepardpet @prowsélman@(IiSPr@/aeﬁgroaﬁlufaa@tfu{n sgmg eme eatp.dheagsptingd

to the C?{Huﬁhg"‘fl‘émwﬁr@%&lh@m%% enbodi nent, the solution is applied to
or

provi de bet ween about 0.1 lig of extracel | ular matrix conponents
per cn2 of container area and about 10 pg of extracellul ar rratrix

Co”ponem[ BEr i, gy ﬁﬁﬁér‘%ﬂ%&m@hﬁ%é Pﬁéxﬁ%fﬁllgdésrb lQr'H nﬁémafmh SE‘P
sol ution ap pliedt e container to e for t ween out
pecn? andx@mbe, pgitihiz cofth@40lution sayres mrm hyehluting Bﬁéamlomiqntﬁgtm gomplex
present ?ﬁec‘orﬁeDlsc i%ggnrﬁtc%.; 'cﬁal%g 96%5?.’55@5 g'sui-[em’e weight ratio for the laminin/entactin
complex is about 5 to about 9. In one embodiment, this coating may further include a component
selected from the following: type IV collagen, heparan sulfate proteoglycans (HSPG), growth

factors and combinations thereof.

[0031] In further embodiments, the extracellular matrix coating includes at least laminin,
collagen IV and entactin. In one embodiment, the laminin component is present at about 40% to
about 70% of the extracellular matrix components. In one embodiment, the collagen 1V
component is present at about 20% to about 40% of the extracellular matrix components. In one
embodiment, the entactin component includes between about 3% to about 15% of the
extracellular matrix components. In one embodiment, the extracellular matrix components
further include heparin sulfate proteoglycans, growth factors, such as PDGF, EGF, and TGF-§

and matrix metalloproteinases, or a combination thereof.



resulting product is nore stable if the coating is dried. Mreover,

it is preferred that the cell culture product is prepared by a
coating process, which includes washing of unbound protein. This
permts nore consistency fromlot-to-lot, since the uncontrolled
anount of unbound protein is washed away. The final coated substrate
is useful for culturing cells, including ES cells, and maintaining
themin an undifferentiated state during cell expansion. [0041]In
one enbodi nent, the coating on the substrate is further formed froma
bl ocki ng sol ution. The bl ocking solution includes at |east one

bl ocki ng asit andnﬁgam%%ﬁ,gat eﬁe'ﬂr@watmgmat]da%t Rad Wnf i, &ﬂlage‘?rllk/ entactin
culture some embodi ment s, bl ocki ng agent nmay

gel ati n, michppﬁs@ sutfatemmt@gé/cors Epr@mrmlrtatcp@tmgoﬁluvm@éy bq mrerp%edrh)t@dtmga
that the Qﬁﬂ?

with the lﬁag%rﬁrﬁm glt agﬁhggr °w§%r§ﬁ?§”¥ hg er ab erﬂregi% %Erlbyanlag‘g%r?tp IS
present i Betthe Dhtionsen GgCs oBedfordnMiAn ﬁasumhlbmtghblfatlaﬁomvﬂatﬂgei ipatwbiito
5.0%wv. [0 he n; f Qb | €400

bi ocki ng SO harEdruRh SRERLeh IRtk B Gl M0k 5oL B0 RATR Sy} Bitsgen
at | east Bhe- llotymhacrmg(rmggm),andrhdlﬂ%ats:paramsub&&,pmtmgtxcameﬁortdxemslb,abrohety
of the dried coati during. .an accel er at n t_at

t enper at u?"ée%‘)d”’i‘f&F t@%ﬁfﬂﬂg@? 'HeMB¥ g%%rﬁ?ar?‘ﬁ{?’ecﬁ@h?é h? atflgﬂnd a a

bl ocki ng/ mtlading dbunssoaB@tihin, ot | &scotlbigen 09 candakibie Btieshtdctie, aabiell ias yepatin
t he cell é(jture p oduct/c Iftt,’urin%i E[Barat s to.be stored at room

t enper at U B YERTS HA FpRs 2l PREYMCE GAPRINeSHt degr adati on of
the extracellular matrix conmponents. In one enbodi nent, the cell

culture product may be stored for at |east two weeks at room ..
t enper at ul08331Thi s ﬁraw@tp@mt the exirace e magix feﬂaﬂ%rnalur’oaﬁ?%%éamrar

exanpl e. Jfgdht 088 ool REGAYSEnrdtdbBuICS dntdetih tad 11 RE RBAA sift AR P6teSdiRaR gRfvth

roomtenperature, tine is al so saved because the cell culture product
need not MBeowshandaratiy mefallqnsoteiseses. Foerampls, b soating srlitiaarnaydre Argpared from

present 'tﬂ?@&%&@xauﬁa&ﬁ&ﬂre Eﬂdhrﬁd‘t‘ﬁr&&h@?@@tr I@etduged%‘mlrfﬁeﬂg Béton, Dickinson

extracel lu matri’x coatl in a dried state nmay al so contarna

st abi | i zi &§oadiedford, Mat’t) ahicbmhtdh%laomm, cellggeruby ?rgiy eafstlr Bt ampuntg opebout
stored at6lrp%Ea/ta%g9@ MRy Jlﬁr an extended period of time. In
particul ar esént I nvention provides a culturing apparatus for
culturing pluri potent enbryonic stemcells including: i) a cont ai ner
sui tabl e culturin t

extracel | @ﬁ§4r] mat r i E X "%Swggé'%e?tl {hl’wﬂt chtﬂt%ltnﬁagﬂgﬁ)}p Elg%eh 811 ar”ur%%rtnrlﬁm;%xr S
in adri eahl:nsecafr@n amaaﬁndlrerapthcantaderrsmbfaa@én oife dnibed ont, diemdacentalmiembrane is
opti onal IF}/ agéantb suitable for stabilizing the extra-cellular
matrix in %“&“Péﬂae%t TP i s believed that the addition of a
stabilizing agent prevents significant degradation of the

extracel | ul r matr | onents.in t coatin 0044 T ilizing
agent canl®B&lappl | gée rafl %t}exgapg[]@grrpaé{%c PoRenty s&‘? n tg RS

a cell culcludior aktd abBedto stﬂfaslsu.taatet'ar@umt@meﬂs pxow@esrttnr@tm@nemcdnurahat
the degradation of the extracelluylar matrix conponents in

coating i®alpK éay@rrﬂnéhe rfarsptallows for copsisieat Resiogmnge At the fﬂbcuétraﬁrtfrczrmg
agent i s ARRhinf AlbronkQRISM ah&hiiBreRfiatdd @i, THe e drDirABRALHS heveQHand that,

I n one enbodi nent, the stabilizing agent is applied at a
concent r aif thsorsentzasionof the oxjoacalujar MaKEX CAMOBINT At tho FHrRES ISK lWatbeR ed

interns gfy Jh(?cée@hgtrr [5ar§p(m:g c%tayhhmgérpaa@g@@tude@nfHralctnc@tttra\rrah ¥ Of

a liquid solution. In exe hbodi nent’s, the wei ght of
st abi | i zi extracedjelat matiy ch@poTEALS UK éld splutiqyrigtes, highntien the ewlticatidargnatiine

liquid soéo‘r%p'or?erfttsrtﬁély ;QECIHE%SIH gﬂttorﬂ' cr@ittnlg'al oh&hform matrix with less than a saturated
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[ 0045] Any stabilizing agent that is capable of preventing the
degradation of the extracellular matrix while not interfering with

t he propagation of an enbryonic stemcell can be used in the present
invention. In one enbodiment, the stabilizing agent is selected from
the follow ng: sucrose, trehal ose and conbi nati ons thereof In one
enbodi nent, the stabilizing agent is sucrose. [0046] The agueous

sol vent used to prepare the coating and bl ocki ng solutions nay be a
buffer, such as PBS, or a cell culture nedia, for exanple. In sone
embodi merevs! ofiretsin ordie sonEag ankPaEntistly afferaing ererablhemftthr‘r AnbrReniGTiEm kel
in the ar g; suitable for use as the aqueous sol vent used to

pr epare thg oating solution. Suitable aqueous sol vent diluents can

i nclude any cell culture nmedium which provides a condition that is
conpat i bl th c in a
self-r eneﬁu% andeﬂgr? nﬁﬁhbﬁr@g&ﬁt@?gﬁ?l& tgft%g anaJnE\E?PE]E@e:sr@ Z}SF eggﬂe&nf{tﬂge a
parti cul @mtr@elh&lartryqjex Fempanentoon Sugticatbaicof. reynelsmbodimentathg extracellular

or St g gk soufbop GARE st BB Sl S Rt BAPRERLS A0 cof@lr R <

coating solutron has a pH of between about 7.0 to about 8.5. The pH

may be i ined with a buf f nent ., ca abl mal nt ai nin
t he coamh@%ol utrlgﬁnﬁfTﬁ%{qﬂm?%é’?Bﬁp?% grem gton e ’Hrfcﬂﬁrlar mgtirgx comp Rl
Pot ent i alardupbfiertoaysiteiitr iha codtestratian gEbetwesh ubleyt 10 up/ndr endrabbutl SO p/ed..
E)ios( ,([j:, IEtS[ &g,gel %%\r g[aﬁé Hq%{ﬂ%%ﬂgﬁ{mwg}pﬁP%éﬁ%ﬁpphed to a container in a concentration of
3-[N, N bib‘é(v%eﬂrwm’{y@%hlh)laﬁbd%]m{ﬂpg e % ypatiofangsiod fngunt, cheasirakel lular
DI PSO, (N 2- Hydr oxyet erazine- N—% 4- buaéﬁesulfonrc aci d]

HEPBS) ; (crzmeszre(ﬂz AAIPLR) etaﬁgrrtalrerpw pEPTESTIREER ALY b eaci d:

HEPES) ; 3- ( NMor phol i no) but ane sul foni c acid: MOBS);

(Pi perazi ne-N, N - bi s[ 2- hydroxypropanesulfonrc aci d: POPSO

(N4ri s( Hyle938kynet hwr?mqwtla fAqbiisplgpeseataedny %WG%@PW“W&W‘@P“@W
tris[Hydr Y AL P¥a¥ b {he AG ik of th
TAPSO) ; ’r[ Esb?‘w%g%ﬂgg’?p%‘%ﬂmtmm% "Q- rgs)gm e f?r?? Faerd Yes:
(Ntris( H;cdntewwmﬂchpn@nmrrqglomerrétracrﬂrler Cﬁepowetlhweﬁﬁrﬁwmvrl% In one

di met hyl I Yl i I i 2
ot hy 1 B T B e AR S BB e Per
coating Sbkerting amranhme) dn oae¢rdbadimeAt, broeeresterpl- mLofen’r ang ebwit f2¢
typrcally at a low pH The acidic acid wll
evaporatenfurr%ga%$§?%ﬁﬂ%%“@ﬁggcoat|ng Wth respect to collagens, an
acidic pHis preferred for the coating solution because coll agen

fornms a t hi g 4 i

of the cgﬁésgiul tur OBF g‘gﬁ%ﬁi&‘ﬁ& @%?oﬁ%tﬁj {3 B ﬁmﬁg‘ldta él]"ﬁde(f% Eﬁet‘g%aﬁ i ﬂ% of
menbr ane epfrakmilir watfix 8@hpondsts gafcimieficdnaiirel area arlabbexitOn o lektrdcaltular
matri x" (of .which the basenent nenbrane ecific typ IS a

Tt er | al EHGHRCRIOHS RS O SEL e Wk ﬁnf’ﬁ%ﬂgfeﬂﬂr%ﬁﬁdﬁ%@o'wa Fum
It is notgpliddiathebRaih@itiprood Fadrivedh aioun®is A BRY6. begraméd

i nterchangeably herein with the term "basenent nmenbrane”. The
extracellular matrix can be secreted by cells to fornran interstitial

basement [oggabr ane fhhghe EABSEMERS, thd REMWAS kretedt whihe bubehtt a’icﬂr? state The
attached. The basenment nenbrane separates cells from nmesench

connect i Vesuting prasugsmprestablsdSthe seating fs doied-dieraeven it iaeefarred ¢ %rcrli ty
required f ke F%@uar%ﬁre@r@ aouoaﬁregrﬁgeegsarvhen .rrarudsse\k,és'ﬁmg@fhﬁ@%& bra

matri X nol ecul es or basenent nenbranes have al so been’i rrp icated i n

t he sequédiypgtrnitmors corsistpacyfiompetdedais since the vaongiobon #mduat elomyoynd protein
ti ssues.

is washed away. The final coated substrate is useful for culturing cells, including ES cells, and

maintaining them in an undifferentiated state during cell expansion.
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[ 00501The basenent menbrane includes various conponents. The basenent
menbrane is a specific type of extra-cellular matrix and i s conposed
primarily of lamnin and type IV collagen. Its major conponent is

|l am nin, followed by collagen IV, heparan sul fate proteoglycans and
entactin. [0051] Extracellular matrix nol ecul es or basenent nenbranes
are known in the art and are commercially avail abl e. For exanple, an
extracellular matrix from EHS nouse sarconma tunor is available as
Matrigel (r) (Becton, Dickinson & Co., Medford, MA), ECM gel
(Sigma-Aldrich Co., St. Louis, M), and CultrexTm (Trevigen,

Gai t herslf?mgﬂ MD) - 1n loHE Erh&{duﬁwtttﬁpécﬁtlw HPLGsHER fﬂu’ﬂﬁzl‘ H%ed {8 a blocking
exanpl e ni n/ ent actin conpl ex (Bectton, D ckinson Co.)

100521Th eolvmrrnTh@bdml@xwesoluauoanncim@? atjeastjoge hm@km@mgtﬁnﬁ@a aqyeoys solvent, such
conponents, lJlﬂFle‘ ‘dPé‘el l%ﬁ ImedRihE Ir?éoxﬁék%bo@“eﬂt‘é‘ tngblgglgﬁiéééﬁt may be gelatin,
fibronectin n, Vitron nectin, tenas ,

t hr onbos pmohemehellosesctnamon-@eﬂaam of, thesellt lageind thi the fefrh i“blockneg egsiti may be
ggfggg;?cfeﬁr}%@rcﬁg‘%g&ﬁ herem é’vpl r]eect te&s?ailgll %ngg Oe%rgl;[lf{: C}H&? blocklng agent is
epi | igri presemth tkabllockmg so(]lth)eﬁn axamcamebﬂabbraro Inmizbout 51084 ®OUl es ar e
described in Kleinman et al., J. Bioneter. Sci. Polynmer Edn., 5:
1-11, (1993), herein incorporated by reference. It is intended that

t he ter mgoazg r acel'[rhdlpad’serl‘fﬁﬁvrehWrs hane fopd $& eaawle,smbloykmg lsfibeRubstrate
extracel | ul_ar rl" hat rrggb[e dIS overelc\xﬁthefut since its
char act e V435E YA 24 CE‘Hgé‘B’JP‘F ig¢lpdingt et e g 2grat. SY oﬁslsk}”"se increased
det er m nakd seubhity PRASANR BitirgldRfing th dddElerafell agiADREL Aighd tbmpadias, For
Basenent I\/brrbr ane Matrix extracted fromthe En%l el bret h- HoI m  Swarm

mouse t ufEATPIE: dhequgsgntimesators hrye Fas thatahlackingstabd Birgeentniueh AbIYSese,

tunmor i s gkiefddd kit BAREHRRE cJMERNRAR PRodBERY R apJdRudRIbe stobatat Fobm
conponents are lamnin, collagen IV, entactin and heparan sulfate

pr ot eog| yeraneraiel fosps gxtensied Hime avidieehien ficartdggradatinn of thy extracellular matrix

met al | oprgh, ﬁdn@ﬁé%oﬁ%ﬁ%dfrﬁ@ﬁ ltﬁeg&nacﬁm }md@a%a9ﬁo9%reerfaiawaa§@§ weeks at
(pl asm noge activators), as well as several unhdefined conpounds. At
room t enpearatemperatuid his g@ieﬂ'ﬁ‘ﬁ%t; rqfxg@@orwrp@ldﬁwna% derexpmpiedtprther,
basement yARIRANG R0 Brodlflchbe ifted bitocth (eHEHIE:, HERTPOS) LB because
physi cal propert and abilrty to retain functiona aracterlstlcs
typi cal dfecbﬁis@mmrommedmesbeithamd\mipr11)0(3641As descrl bed above, the
coating solutions used to prepare the cell culture products of the
present invention may include a mxture of extracellular matrix

prot ei ns [0648] one dasherenlbodnbmibﬁﬁap:;esmhmvamlan,imllsmllturmigcappaira{umamn@

via dilutio n extracel l.ul ar. ri X

basement hfrelE? pREPLRATIE N 3Rk ciry a6 byt o8 RER e ha ows he
Pat ent Naell ¢ult8A8 4ppbratut |ttebee§tkired £t roan tegipemitund fonkn ahelﬂE:@pé‘rEi’deJlﬁ}Ame In

i ncor por at ed by ref erngnce r ot ell n, extra nt ai.ns l| n art by
wei ght alB%‘Hf“lg%‘h%BEﬁS? iﬂ"ﬁ'i“ﬁ’“ P5°V /oa&SH“é?ééPPaf ‘fﬁf@? P HBIB

( ni dogenkmBfdnit skM%ehepauding S)J|afcaﬁt@1nﬂ'rsﬁtt:ﬂﬂlgibyaﬂﬂﬂﬁng Efdnss:u)mrmieel n
extract is capabl e, of I msr|2|n into a rigid stable g._e.,_a
3- di nenscoFEIIaNER Pf%}ra%ﬁ %é&'ﬁ‘ifﬁ@" PRneplsy Yheedd QF‘-”‘RR%?&H“'?HE%FB fsdfya geied

t enper at YhaRonfal RES 8RO faddorRonRiRE: AE @B ondITyON) ARVt s@RabR/for stwrzueg

sufficient tine, the extracel lular matrix protei ns pol yneri ze.
pr ot ei ns thestra-ethalan maixiple dpFestater Frivkelinved ek ihgiaddjtion o 'a?d'lgraéeiﬁf

the Ponp??eb%(dt@ﬁgdlﬁé’é{ﬁ{ delgPBidnrehed ABARIIEF REAL BRhYonehBth BELLAGE! | Ul ar

matri x stoc

[0044] The stabilizing agent can be applied to at least one surface of a container, such as

a cell culture plate or flask, at a suitable concentration such that the degradation of the
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conposition is maintained at -20C, thawed and kept at 4C prior to
being diluted with aqueous solvent to prepare the coating sol ution.

[ 00551The coating solutions used to prepare the cell culture products
of the present invention can include various conponents, which can
affect the accessibility of growmh factors in the coating to cells
and/ or which assist in cell adhesion and/or which affect the
structure of the proteins in the coating. These conponents nay

i nclude, but are not limted to, salts, diluents, heparan sulfate

pr ot eogl yqztaﬂf@“alﬁam@trm SRTIPNENTS HRIhE 69RtiAR i AsYaRtEdor inljhiseh fene embodiment, the

neutral i Zs"i"}b'il%%ﬁaaﬂédt hﬁé‘d icekeAtRioR BF LR ©1% REAusdes b hoRs. frgpeounds
which affect the growh factor inherent in the extracellular matrix

by ti tratdmhygdiownt, thestagiliinghseradtapplisskat brosritiagon pleabputei 38 i dhess.
|
Su' tabl e &g&%{&kdﬂﬁsgf}ne@%&@qﬁﬁé P welth {&Q%dg&?‘lfzu?%%ﬁ {rafg% pe

anti bodres a t one o 'ow™n
bFGF and df@Hiqlid s{al@ﬂ@? Ireasimgary embaglingents tf@m@ht cffhh@miallisnmnmay be
included in th n n . - not
o o b0t AR B8, R SEBSH b S FIGHE ey e,
addi ti onal conponents of the extracellular natrlx cytokines,

hor nones drugs me enbo i X

pr ot ei ns @Q%]bl nd '8 %}ﬁtﬂg@"%ﬁﬁe&ﬁgg licapgrtﬂ%gem% B ﬁ ef%rada{' n?ff/tiée

mat er i al Sextrhdellplaeagtfik whilaAotisterferagiwith tﬁ&/ﬁbbagbﬂlcﬁl dfan 'Ehlbry@uictswh'ed:ll&a’l bes
to noderate, or ul at e t.hei roperties or hehavior. .

[ 0058] SubSEd FEBPTRR EEShtINGRE PRERAT Ty G REBaT hsolssie figen the
plastic, @liasing sadbseiréfafs®@MHddbmblralibitBerdof. B one eRbbdimest te stayiliging

gl ass flber polystyrene pol yester, and pol ycarbonate). Substrates

for bio- r88EtbTE0Sed i n batch or continuous cell culture or in
genetic engineering include hollow fiber tubes or mcro carrier
beads. Substrates for vascul ar or bone grafts jinclude materials such

as pol yt P46l | uor oBraAuetys splver Mesddy prepase Hisicedingaed blarlapatelpions may b2
material s, fﬁnxucﬂfasbﬁgscg aSURSHIRA :‘?:@dn@rf& e'igrh%l@tlh %oraeémmerns,qjmnn KO/

present invention I'n some enbodi ments, the substraté/container
may be naIaMEM RzRW 0 Qihﬁmlléum arefliams kagyabinaheatt, are|suifgbigfor wes as the

extracel | il &us U toc CIRORSENS obRinB USRER, ShitaBicAfudofls %vénmtepege he

surface Oafq contaln materials may I nc
foll ow ng'nclc@l dnu kebailture medium, which provides a condition that is compatlble with cell culture,

and preferably maintains ES cells in a self-renewing and an undifferentiated state until directed
into a particular cell type in vitro. Such media may be obtained commercially, for example, from

Invitrogen Corporation (Carlsbad, CA) or Sigma-Aldrich (St. Louis, MO).

[0047] In some embodiments, the coating solution has a pH of between about 7.0 to
about 8.5. The pH may be maintained with any buffering component capable of maintaining the
coating solution within the pH range of about 7.0 to 8.5. Potential buffer systems in this range
include, but are not limited to, diethanolamine, triethanolamine, (1,3-
bis(tris[HydroxymethylJmethylamino)propane); 3-[N,N-bis(2-Hydroxyethyl)amino]-2-
hydroxypropanesulfonic acid: DIPSO; (N-[2-Hydroxyethyl]piperazine-N'-[-4-butanesulfonic
acid] HEPBS); (N-(4-(2-hydroxyethyl-1-piperazineethanesulfonic acid: HEPES); 3-(N-
Morpholino)butane sulfonic acid: MOBS); (Piperazine-N,N'-bis[2-hydroxypropanesulfonic acid:
POPSO0); (N-tris(Hydroxymethyl)methyl-3-aminopropanesulfonic acid: TAPS; 3-(N-
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pol ystyrene, pol ycarbonate, polytetrafluoroethylene, nylon, glass,
pol yet hyl enet er epht hal ate, pol ynet hyl pent ane, pol ypropyl ene,

pol yet hyl ene and conbi nations thereof. O her materials that may be
enpl oyed i ncl ude Permanox(r), polyester, polyam de, polyimde, and
silica-based materias, including glass containers and the |ike.

Conbi nations of any of the aforenentioned materials may al so be used.
These materials may be porous or non-porous. [0060]Preferred

substrate configurations/containers contenpl ated by the present
i nvent i otvis{hisiraxymerhyiimethiglamingd-3thedrogguretanesslioniqedid: TAHFREDAMNre| |

pl ates), iiﬁg ot L i « Gt | asks, roller
bottles,“gL d%?&%“&@??@?ﬁggﬁkfggéggﬂOggﬁyﬁig$%§§tors and the |ike.
Met hods ofs(HRrdepamathymethgligh6ihe Theinss Netinimomba@ine dmetpyliencyelyciac,vedimd
of prepatj.n t abl readv-tq-use.cel | - cul.t,ure product. This

met hod i %‘éfq%‘ﬁ@%%%ﬁ'f% %rﬁﬁgan "é?(? rnée?é’il'lq% %?Paﬁﬁt{léii X coating solution to
a surface of a substrate, wherein the total protein concentration in

t he coat| solution is.apout,1Q ug/ t o.about. | /m . The. od
e e RIS ! e byt emeadrens Tedogu e thioh e hlriserp i RS
S ug face h p;t’aﬂfﬁﬂa\/ﬁ bmgg%da Qrd t?ﬁtﬂd)fl@etceﬁiediir?&bidmgacﬁi_cﬂt Hldv@pH.f'lr}?ﬁbintfacﬁiuhﬁteb@ioﬁﬁte
an WaS|ngtesustrat,ea,terter Vi n St ep. I N ,te ,
met hod | AETEEBEngRhepating Witisngeide ﬁéﬁgatse% aawf R é&f%ﬁ#@r the goating

dried subsidoattecaudd UhdcrTbithsHRE4t hiher g1, Whi ch the coating is applied
may be sel ected fromthose descri bed above, for exanple. [0062]In

sone enbodi nents, the washing step(s) includes washing the substrate

Wi th di Stﬂiﬂhéled Vel hne dntRHfRL HRIE@ LA tHEREN SRurd Ro®UchBFormed from a
enbodi nents,” the washi ng step(s) i ncl udes washing the substrate with

a bl ocki figptediasemephmembrenerraiep extragthybds dodiopd hrgeiniitag ‘bangilvler patdpatod
the cell § : l; i 14O, e
wel |- ar S e B ey S BRI MR ket

[ 00631 As intethe surtpgadiah mediumt hés natadibad thefterpr ‘@ptaace ijanrhairixaniy badsedir e
product/ cel | £ UL ' s ] I

U T ae. G qraitablybiath AERE B EpdtBfer Wekibfing . e achl A D Eifoe
duri ng t keerewedlyicelds ts farm aniittarsatidd besckientgnswirarteition farms thedramgwatk toedsdh

one bl ocki ng agent d,an agueous sol vent. he bl ocki ent _my. be
ool oot ogtt b B e ee AR kR BRERa Serebsce ot n@sepetind Piftie (B Y
comgi lngat hmir]:;io\'iidﬁ;ﬁ I’sﬁ@ifa:c or’llaﬂagm aikhagatslitg quwaed fogtha@_rdvnh a:idqdiffaastﬁa_tibﬁef
stabi |1t 0] the surface ri accel erate agl est { | r
Cemper at HH B AR B BAF BT of PasERert Be P Ten bl A g boenaytsatss
possi bl esdyRespgidn0siotapdrandPraeitating oF bRMtIPfakLFs th ssube renovi ng step

and/or to separate the blocking step into nmultiple steps conducted
before and after the renoving step.

[0050} The basement membrane includes various components. The basement membrane
is a specific type of extra-cellular matrix and is composed primarily of laminin and type IV
collagen. Its major component is laminin, followed by collagen IV, heparan sulfate

proteoglycans and entactin.

(0051} Extracellular matrix molecuies or basement membranes are known in the art and
are commercially available. For example, an extracellular matrix from EHS mouse sarcoma
tumor is available as Matrige!® (Becton, Dickinson & Co., Medford, MA), ECM gel (Sigma-
Aldrich Co., St. Louis, MO), and Cultrex" ™ (Trevigen, Gaithersburg, MD). Further suitable

ECM molecules include, for example, laminin/entactin complex {Becton, Dickinson & Co.)
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[ 0064] I n one enbodi ment, the present invention provides for a nethod
of preparing the cell culturing apparatus which includes the steps

of: 1) applying a first liquid solution containing extracellular
matri x (ECM conponents in a fixed concentration to a contai ner
suitable for cell culturing, i) incubating the container containing

the first liquid solution for a sufficient period of tine to allow
adsorption or binding of the extracellular matrix (ECM conponents to
the container; iii) renmoving the first liquid solution fromthe
container; iv) mashing t he cont ai ner to renove any residual first

liquid so opt |, onal a second Uld

Ul SN | Ve 0B QBRALUYLERBL 1 25000 LIS RO kAot o
mat { X Md)r%: ﬁomé If&lﬁjﬁllﬂgt’prbtemﬁ\ﬂﬂﬁ@gf;thﬁ ECiats] r\dtl;érileﬁttﬁ cénssalnutmt@ctnm |
containin e conposition suit e for stabilizi the extrace] | ul ar
matrix, @igmpoysd Bﬁ“‘iﬁ% BRIy A PEERBEY i B¥ETOSI %"GH‘?’%E"{PQSQHV ‘r“eéfl kdual
second | i guel Sk YialoPhbiteidSteodéidin, bstipbhtie epigetin AkRikdWeEtin, LARGR] eiligrin,
l'i quid sol ution including the extracel | ular matrix conponent s can be

i ncubat ecAngkalitin.| Ssher exraselular mptiex welegules gr desgiided mslﬁlewag ebals, Y Rpmeipr.
cel I cul tyr e,phaf Edn . 1@11t@@mrﬁ&aﬁ fhcBipBratel W5 rit8ikhQd Iﬁklfnfténﬁéc?ﬂﬂﬁt thterm

aIIOM/adsorptlon of the extra-cellular matriX conponents to
cont ai ner“estactifide mandy” eaRempAsea pestatly prtavn é’FtW@@!hﬂ%é“ﬁ‘Tmihbta?@tb%t

room t enper. ﬁ-&éﬂ&ﬁﬁ ATLALOHL s dnraiBAatiod ngﬁa&w%ggﬁw&m’&ﬂ{eﬁ’édyon

Alternative cont ai ner can | ncu ate over ni
determmable by persons skilled in the art.

[0053] A well-known Basement Membrane Matrix extracted from the Englelbreth-Holm-
Swarm mouse tumor, is sold under the brand name Matrigel™™. This mouse tumor is rich in
basement membrane proteins. The major matrix components are laminin, collagen IV, entactin
and heparan sulfate proteoglycan and also contains growth factors, matrix metalloproteinases
(MMPs [collagenases]), and other proteinases (plasminogen activators), as well as several
undefined compounds. At room temperature, Matrigel™ Matrix gels to form reconstituted
basement membrane and is similar in its structure, composition, physical property and ability to

retain functional characteristics typical of basement membranes in vivo.

[0054] As described above, the coating solutions used to prepare the cell culture products
of the present invention may include a mixture of extracellular matrix proteins. In one desired
embodiment, the coating solution is obtained vig dilution of an extracellular matrix, which is
provided as a basement membrane protein extract, such as that disclosed in U.S. Patent No.
4,829,000, the entire contents of which are hereby incorporated by reference. This protein extract
contains in parts by weight about 50-85% laminin, 5-30% collagen IV, 1-10% entactin (nidogen)
and 1-10% heparan sulfate proteoglycans. This protein extract is capable of polymerizing into a
rigid stable gel (i.e., a 3-dimensional matrix) on heating. In particular, when incubated at
temperatures from about 15-40°C, preferably from about 22-37°C, for a sufficient time, the
extracellular matrix proteins polymerize. The proteins can remain in soluble form by maintaining

a temperature of the composition lower than this range. Preferably, the extracellular matrix stock
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[ 0066] The container can be dried in any suitable manner for a

sui tabl e amount of time. In one enbodinent, the container is dried in
a drying oven with vacuum at roomtenperature. In one enbodi nent,
the container is dried in a drying oven at roomtenperature for at

| east 16 hours. 10067] After the culturing apparatus has been dried,

it can optionally be sterilized. In one enbodi nent, the apparatus is
sterilized using ultra-violet (UV) |ight. [0068]The coating procedure

is generally performed as fol lows. Approximately 0.5 to 2.0 nl of the
coating Sempesitsm ig maistaingsay-287C. Aot anﬁd}ept af 430 priptde beigg dilied with arugous

6- wel | ; Stol.0m is applied to a well in
a 24-wel | Bkkwéé\eﬁr@&ﬁ% coﬁﬂ@ﬁ%}lg@gﬁout 50 pl to 100 pl is applied to a

well in a 96-well plate Furthernore, about 0.5 to 2.0 ml is applied

to a 35 j to
12.0 m i's al)pl i ed I%Ctogtm%fglug%ngdﬁ (ﬁﬁ%kéé%%é? %eﬁer a%ﬁ@tﬁ%ﬁ?p rt%ﬁgt
coat i ng Swmleutioromn |1r&ludn@miuaxsednp®eqne,mhl¢h cad sfieq the@ncesfibitityenf growth factors in

ext 1 2cel |4l g IR LUK RURE ShiORalll H1EY AL B AQ A UG LALRreorune

surf ace. Icu coa 63 ar e desifably 1 hned
t enper at Lpf-caansf iha@lna @bﬁng_ ThRE dompammma&Oﬁ};lucanuntfammoalxmeed odsati§, dflienss, of

about 30 mnute to abopt 4 h rm sorption of the
pr ot ei ns hfgarﬂfg GBEOE?Og’ryéa?&P&gc'éeu H‘gt‘ B:SL%P?PS solution is thereafter
removed (e.g., by aspiration), and the coated substrate is washed

wi th either_an aqueous sq] vent buf f er dH20,. culture ne
to removd®®bound Phredieer g‘at“l']saé&ﬁd%é“@‘ @Rqsr‘l‘fjatg%l“ﬁl(up?) 0SeLOMpa ﬁ@&&

above, ingeq oWiRGactéraftekdnt Y tRd e)&ﬁa@ellﬁﬁahﬁﬂleﬁyb%ﬁﬁé &bt tt{e%ﬁﬂ eddtor or
preferred enbodinents, the coating i§ allowed to dry

subst r at &lockkp §13Wﬁ§feﬁé’e&‘i§éo$+blapl§ ReHrahz2tgr gatihgdigs may t”éh‘ﬁ%rbé& 34F 8ot limited e
range of 226idicahOtifst SR AT AGshE Akt Har vEeFabbee, braw gidtigrof

40-60% The present inventors have found that such drying inproves
the stability of the product. The dried substrate nay be sterilized,

for exam ‘%”bby UVA%\R@J\}a'rlle@%tfbﬂgr mABSE & incibdi@ Imh%rcbiﬂng%q,the%bs@,qte.

substra packaged In noi sture-resistant packaging.
desired, Thhss lpra\ma@é@re not limifedstabestls, anebodisy, eheynysoreatoss, gwmbfacﬁ)rﬁd

then t hawﬁcﬂtlgna'l Qomptogeﬁf§ §F the extraceliular matrix, cytokines, hormones and drugs. In some
embodiments, the extracellular matrix proteins can bind to these materials. These biologically

active materials, if present, can be readily available to the cultured cells to moderate or regulate

their properties or behavior.

[0058] Substrates for conventional cell culture research include plastic, glass, and micro
porous filters (e.g., cellulosic, nylon, glass fiber, polystyrene, polyester, and polycarbonate).
Substrates for bio-reactors used in batch or continuous cell culture or in genetic engineering
include hollow fiber tubes or micro carrier beads. Substrates for vascular or bone grafts include
materials such as polytetrafluoroethylene (Teflon®), ceramics and related polymeric materials.

Any of these substrates are suitable for use in the present invention.
[0059] [n some embodiments, the substrate/container may be made of any suitable

material capable of allowing the extracellular matrix components to adsorb or bind to at least one

surface of the substrate or container. Such materials may include the following: cellulose,
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[0071] The dried substrate nay optionally be rehydrated with cel
culture nedia or another sterile nmedium (e.g., sterile water) prior
to adding the cells. For exanple, the dried substrate may be
rehydrated with a rehydration solution, such a cell culture nedia,
for about 2 mnutes to about 2 hours at -roomtenperature. The
rehydration solution can then be renoved just prior to use.
Alternatively, nmedia may be added in-order to rehydrate the dried

substrate, and then a cell suspension nay be added to the nedia about
2 m nut epolystyhowelyoarhenares peluesailuostiyisas nylongass, nobethy Ersierephiteaaipyt

i nventi OEP@(@E@W&&%&} b&%}@ﬁﬁ%h?&%eg}y\ﬁﬁﬁ@%{/&‘rﬂ)’ﬂia@lorﬁttﬁ%&f?@{hﬁ inRerials that

f eeder - tures is cel e supported using a
medi um corlibe eoplegediyclodd Ranmesox8 pélpestbarpobemids, podyimideagndradicg-besedot her

medi a for lrl% iir%ﬂﬁici)r%ﬁ%s??%rfﬁﬁgr?&ﬁllthﬂibglcﬁﬁf)i%éﬁ%tnggﬁn. %gthe[aﬁggrﬁédﬁ%ned

descri bed "above, vari abi roteirn concentration and
conposi t inakerials mayh&o dausddnTikae maeahls gy bs paoastor asn-parons.gel TM  whi ch
is derived fromthe ENS tunor. The present invention provides a
stabl e, ready-to-use substrate coated with an opti mal ECM conposition
for ES cyéaeoy e. Thirsfeged substtitd confgarpixas/adntdngps aotteaiplqpedotwi tlepresent

| ot-to-10t consistency,. ich is needed fqr,  standardized ES,cul tures.
[ 007411 n 'W&F‘f‘l“dmﬁ‘é‘fe,méﬁ?{gr platgs {shcfy aé%a‘ﬁ%wﬁ%gv eﬁ@?@%ﬁﬂfﬁﬁ@% (E"‘thﬁé petrl
present igRuentchRite PEKE] fbBerbbles, dMbidsigabller oGRS @ ks, blore@ktoesdnd Yinnike.
stemcells in an undifferentiated state. The extracellular matrix
coating on the cell culture apparatus is preferably present in a
dried st ai&nhodshePeMrs@dn Ng the resulting product nore stable. Also,
the extracelTurar nmatri X coating preferably includes a

st abi | i zil#igAbl ockiHh Pergeritnvestipipragdesachegiad of pirgarpieesiable, sttt se sel-
have f OU%B’nJrQ@Igg.gc:a?rh%st Athéd hyiuads a].:);h?ing bh 8ra6 QR MerbxScobitty RASIBA tdY

including a s i zi ng/ bl ocki ng agent 1n the coating. Mreover, it

i s pref eswdage phasubstiate, dbEteindhe tofpf arogimeRresntiakion ja dite@atingsslugion israbein g
protein. IR ' Il OFR o b GRAVe] IAPatiR) mt ok solFEdAGH thdre
uncontro#%2®§%ﬁ§%ﬂp£% ugbouﬂgﬁgroteﬁﬁegg waéﬂ%d dﬁg és?00751The
conposi t isansatandfacelrkmexihg Ge éncpbasei roptiezplutiomfron dle sypstrabre aiph wasbing the

I nventi OR\bstrate after the removing step. Finally, the method includes drying the washed substrate; and
sterilizing the dried substrate. A suitable substrate to which the coating is applied may be

selected from those described above, for example.

[0062] In some embodiments, the washing step(s) includes washing the substrate with
distilled water, a buffer or a culture medium. In other embodiments, the washing step(s) includes
washing the substrate with a blocking solution. For example, the washing step used to prepare
the cell culture product may employ a blocking solution, whereby the wells are effectively both

washed and blocked at the same time.

[0063] As described above, the method of preparing the cell culture product/cell
culturing apparatus may further include blocking the surface of the substrate after the removing
step and prior to or during the washing step with a blocking solution including at least one
blocking agent and an aqueous solvent. The blocking agent may be selected from, but is not

limited to, gelatin, sucrose, trehalose and combinations thereof. The blocking step was found to
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can be used in various applications, including culturing of ES cells.
The inproved ECM coated cell culture surface was found by the present
inventors to be useful for maintaining the self-renewal and

pl uri potency characteristics of the ES cells for extended periods of
time. Moreover, cell differentiation of ES cells into a particul ar
cell type, which may be directed in specific ways, such as by adding
gromh factors to the culture nediumin which the ES cells are

grow ng, can be studied using the inventive conpositions. [0076] Cel
cul ture preerderche stabiiarodihegutfereidhinpineasesierated oging fegmt higherdeprantuehps
mai nt ai nigpg;andy R ARAGKR Biove rm;,mﬂe Jfoss%lgfa e fibins the biticking '5{3? pREBEVRNI C
stemcells ¥ron1pr|nates, such as mans, i n an undifferentiated
state. | mersoing stapFodiontorseparate He bisgking Step iniy mulbinlegrepEeondustpdsbeferg and after
exanpl e, . Il's include, but are not limted to, the
follomjngnﬂgEFwF$% s: H, H7,149, and Hl4, for exanple. These cel

| ines are available, for exanple, fromWCell Research Institute,

Madi son, nd Anerican, T. J . i 4

VA i ottlEel cmpodh af ERbol Rt pfRSLLEEbloRed €7 iyl BEGERARS e
of whi ch calhelltatipphpperasisefhiodihdidearte swpé bf: known in the art. [0077]1n
one enbodi nent, the nethod of culturing enbryonic stemcells includes

er ) | il turing embryoni c stem ce
Cubstrate: and a dbuppile ERBF N RlubBfaHFRLLOL ARG PR |

The coating sol uticompbmsistidedixad ednkéntragorab aexdtaiacrahitablafor pel quituring,
proteins and an aqueous solvent, the total protein concentration in
the coating sol utilbrindybatig threatainer eynepiniag the fieshbauid potgfian for agpéficient

cul turing method al.§04 h\ghs!deRoRddidiod of PRRSE AP eRfacOIM RN C(E M
cells and nedia to the cell culture product; and incubating the

enbryoni ¢ st em celdompanensyp dezontingtini di fied air at 37C to produce
undi fferenti at ed qﬁLgﬁbgﬁ h%&kﬁthﬁ%ghEOEﬁ eebhaf¥Pansi on. [0078]In
fiod of cult

sone enbodi nent s, e met uring further 1néludes the step
of thawi ng the celiV) washingitles gnBitgcto, reminechy resigudldirstligridgolation; 20C,

prior to use. In aother epgbodiments, t I . .

t he step of hydraﬂpﬁ &?ﬁg9%%¥¥”€%f?ﬁ?@ﬁﬁﬁﬁ%h@?hgﬁ?ﬂﬁﬁgﬁﬁoﬁﬁ%ghﬁgbﬂgé
medi um prior to addtngpilidies thespewdluba nafrixgnbr yoni ¢ stem cel | s.
[0079] I n one enbodi.jrent net hod..f or agat i.n | uri e s
enbryoni ¢ stem cel\il)ggﬂt'ﬁhaelﬁ THTOY Y e 275P F‘!ﬂ@ﬁlc'fg Ssoﬁuéiog Clgrhti%:llfdﬁ'ggése %h‘gossﬁl%nps
of : a) providing saitaik foustabiziap e reatrass!flammedk, by the steps

 ncl uding: vii) optionally washing the container to remove any residual second liquid
solution; and

viii) drying the container.

[0065] A liquid solution including the extracellular matrix components can be incubated
on at least one surface of a container, such as a flask or cell culture plate, at a temperature and
time period sufficient to allow adsorption of the extra-cellular matrix components to the
container surface. For example, the container can be incubated at room temperature from about
1 to about 4 hours to ensure adsorption. Alternatively, the container can be incubated at 4° C

overnight.

[0066] The container can be dried in any suitable manner for a suitable amount of time.

1n one embodiment, the container is dried in a drying oven with vacuum at room temperature. In
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i) applying a first liquid solution containing extracellular matrix
(ECM conponents in a fixed concentration to a contai ner suitable for
cell culturing, 1) incubating the container containing the first
liquid solution for a sufficient period of tinme to allow adsorption
or binding of the extracellular matrix (ECM conponents to the
container; iii) renmoving the first liquid solution fromthe
container; iv) washing the container to renpbve any residual first
liquid solution; v) optionally applying a second |iquid solution
cont ai ni 9g° embaskpILithe eantaingr isaisied I iryiag guin 4t JoRempralasa fordtdeasiylbar
matri x; pyik optionally renoving the second liquid solution
containing the conposition suitable for stabilizing the extracellular
matri x, viiﬁ optionally washing the cgontainer to renove any_residual
Cd

second | il67H sol uhitssihe cyfuringapparptug hasiben qricd. it eamoptiprally bp prerligsindp ope

sui t abl e ef8Ldimest! ththSpafRel iVEAINRY LEASUIRESRIRIEY] kel Y condi tioned by
an appropriate feeder cell culture to the contalner; c¢) adding a

suitabl e concentration of undifferentiated pluripotent enbryonjc stem
cel I's to 9988l cont alli§epatingpapcedure is ggnerpllyeraimedps Mllows stprrggmately 0.5 to

condi ti o ¢ FleQWafi solufien RIcSPBYA a6tk §7C) i pRedtb aRRUISAE 68N YA wEIl
stemcells. [0080]1n one enbodi nent, stegs b? and c) above can_ be
per f or nedlates akout 898 toske0 mhisrmgplied to a well in a 24-well multiwell plate; and about 50 pl to

100 ul is applied to a well in a 96-well plate. Furthermore, about 0.5 to 2.0 ml is applied to a 35
mm dish, 0.5 to 4.0 ml is applied to a 60 mm dish and 2.0 to 12.0 ml is applied to a 100 mm dish.

[0069] After application, the coating solution is incubated to permit adsorption of the
extracellular matrix proteins in the solution to the substrate surface. In particular, coated
substrates are desirably incubated at temperatures from about 22°C to about 30°C, and fora
period of time of about 30 minutes to about 4 hours to permit adsorption of the proteins to the
substrate surface. The coating solution is thereafter removed (e.g., by aspiration), and the coated
substrate is washed with either an aqueous solvent (e.g., buffer, ddH,O, culture media) to remove
unbound proteins. Use of a blocking solution, as described above, increases the stability of the

coated substrate,

[(0070] In preferred embodiments, the coating is allowed to dry on the substrate. This
may be accomplished by drying at a temperature in the range of 22°C to about 30°C and
desirably at a relative humidity of 40-60%. The present inventors have found that such drying
imrproves the stability of the product. The dried substrate may be sterilized, for example, by UV
sterilization. Thereafter, the sterilized, dried substrate may be packaged in moisture-resistant
packaging. If desired, the packaged, dried substrate may be stored at -20°C, and then thawed

prior to use.

[0071] The dried substrate may optionally be rehydrated with cell culture media or
another sterile medium (e.g., sterile water) prior to adding the cells, For example, the dried
substrate may be rehydrated with a rehydration solution, such a cell culture media, for about 2

minutes to about 2 hours at room temperature. The rehydration solution can then be removed just
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wherein step c) is perforned before step b). 100811lIn sone

enbodi nents, the nmedia used to culture the ES cells is a conditioned
or defined cell culture nedia. In one enbodinent, the nedia is

VEF- condi ti oned medi um suppl enented with basic fibroblast growh
factor (bFGF). The bFG-F may be present in an anmount of about 4 to
about 20 ng/m in the nmedia. It is noted, however, that the nethod of
culturing is not limted to this culture nedium For exanple, a
nunber of media have previously been shown to be conpatible with

cul t ur i ngprieSogiet-IAdternati kY, mhagisl an kead desdin oudef tagehydrapoihe désdaswpsteate, and

HEFI - con 1.0 (8% 0),
HES- df coﬂlaént |‘%ﬁgdsg§ ]%d]% arg%ygjt el eéj\?lt’éhe et ﬁbmﬁ(@ﬂ%gﬁ ; §sab0&éeq0%?s%atg'8

23: 306- 314), K-VitroHES nedla (Sj ogren-Jansson, etal. (2005)

Devel opnent al Dynam cs, 233: 1304-1314), and TesSRI nedi a incl udi ng
100 ng/ mMefhegs ¢fllsavi g, et al. (2006) Nature Biotechnol ogy, Brief
Comuni capy@ps, Jafmaiy. e@ﬂ@hu&%lﬁm@rf&\&h@gfﬁw Jf%%b?fbnﬁl%téiﬁ@é‘lld'm feBder-
this regard [0082%8 way of illustration, conditioned nediumcan be
pr epar ed fisp celidresu¥hingell grpwi raayely sypporied uHpEe medivm sardisiensd by cyliirpely
mouse emy % I\*& Kagm:ﬂfgto% oah@r et folt kG a&@gﬁee}&m&mwm.mmﬁ@

for exanple DVEM F12 containing 4 ng/ basi €

fi brobl ast gromﬂh factor (bEGF) The cul ture supernatant |s typlcally
harveste er angd. s

factors, | nc udi n H%ﬁ‘—s@—beﬁ%@rvg fgg'é)clp rﬁﬁﬁ{} lﬁ? mw'l ?gg'lg{'{):lﬁ ucr0 gﬁ;@é{‘ﬁ&ﬁ
sui tabl e |bmh€erltmdmatrmdrgebesun’m@bl\/lmngnh "f’ hzdmffols ﬂ@mﬁﬁomdmﬁﬂ&n—mﬂr The

Dul becco' s ed u

knookour TTBAEb e a3 PRI EMoad RER Tty S et o
10829- 01&pmbissidon 623 &ldireDiVhiviclbaaduranpgaraons/p@dit pldvideglottealot cnasist@ndyc o
# 15039- O%B non- edsPentle%I .a%o ﬁCI d solution, G bco 11140-050;

13- mer captBedt R AT FEFd FosPgRARr UeeiFS FI T ran r econbi nant basi c fi brobl ast
grow h factor (bFGF), G bco # 13256-029. Exenpl ary serum cont a| n| ng
ES nedium. s made with 80% M. (typi cal 20%.def |

Fot ol boubizal ar o A remiepor SEon et Rab Rt chring bk prSEL DR ah PERiho
aci ds, 1 trMohsigtMipaspagiion aﬂdn@yama%rawrsqa@ﬁ ok fiaaiated Thg. TR tuavel IS lar
flltered and stored at 4C or no longer than 2 weeks, Serumfree

S
medi um i $NAFRHEOARE 9 BO oS! k@'tmmwa%wmfﬂﬁh*r BisPeat Bredfsied sipty, thereby making

non- essenpd @bul@fp ;ﬁ&iu@ﬁhﬁl@ stableMMsb, 184 &Ktr3%d1I0Rr madtsl cBatthgFNferably includes a
J3- mer capt oet hanol . Not all serumreplacenents work; an effective

ser um r eptaatiginsiviockisg egamb sush ERZEL0DE NIEFEHIRYEBOE VS fuRd that the ptakiligrof
obt ai nabltﬁe Jrree @bédag ﬁﬁaleés@%wn%m mg-mf%nbf"%ﬂg}ﬁmcknﬁg fident ﬁrtﬁéjco%ﬂ ﬁo@éoe,@r

at 4C for | onge weeks re conbining wth
cells usetjlsfatefen@éﬂdt thee oell ewdturepredint is B@shed dige punhonddretoinaliip n%ﬂmts more

concent ' bl fide 16 Bhor, JARGRIHE PR BHOTHbHRob S BHERInGOWRIRE Sy

with the ce conditioning In an environme
the cells to rel ease into the nmedi umthe conponents that support

erbryon! GosE ™ o' ik cofBbLAgR B peif A& B A BRLENRTHI YRR bdniEn

render ed | ncapabl e of ant
about 4, @0Obe vasrd&)r; VE!I‘]DIEB&pFBMiOW tricludingfeeitrimglof ES nellst Theatrprovied KEM-coated
m torryC| n

or fective nactj vat i
the col | & e ettty T St B e P oo erde e el BB sP e
from t he rendi dnidcpmripgteﬁ@ dharabefiaice ot € ES BelBUpRachilalichesibéynaiedel Moreover,
f :Jlr.r;u»: gs ép\[l 8&}8 g}igfg%afo S cel srlﬁto%lﬂatttl%{llgxq ce']lqypteh\.(w:\"/hlmﬁag1|a§/J g'e': fdl%ctesduntl fslge%tf %r\]atrays
such as by adding growth factors to the culture medium in which the ES cells are growing, can

be studied using the inventive compositions.
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concentration of released factors (or consunption of nedia
conponents) to produce a nediumthat supports the culturing of
enbryonic stemcells without differentiation. Typically, nmedium
conditioned by culturing for 24 h at 37C produces medi umt hat
supports enbryonic stemcell culture for 24 hours. However, the
culturing period can be adjusted upwards or downwards, determ ning
enpirically (or by assaying for the concentration of essenti al
factors) what constitutes an adequate Period. Af ter coIIectiqg a
od n a

bat ch of [B¥Hdi t i onkel! FbyreRrpduci@ceoedingiodhgpreeni g sitipharg 6Reple;

further bafighin gaﬁ@ﬁiorjggagxgémﬁ i $BRCeIGUnb MRS BRblyeRic steRlceASHERNY
cycles as desired as long as tﬁe cells retain %helr ability to

condi ti orPrimpéesaseh arhumanain gowgifferantietad siptenin sy eriegimenss, the ES cells are
fibrobl asfruEJah kg cgl?sl. E& &ﬁrﬁ{:l}é%ﬂah% \odiid hALRN bl R 1Rt CEPIY MG iR &I

cells can be used to co I on nmedi um over 1-day periods for 1-2
weeks. [OD&sHOHIHBrhe Hdhifer fxabplebltese eoll(lmERjre availalie, fosexdmply, from

conditio [ K i }
(S50 "o iealTpdfiee MfEn, 1 St B ry@lb itk L Bltclon (PGl
abdonen dflamssanise latotliBed bydimatts, predifnaiic yre mpussBhiadld, exatipley @hich and
et hanol, and. th ge idual'f r enp edtinto phosphat e buffered saline
(PBS) . EABPYsS LB Bl Rgdr Y gy

Wnﬁ Egenta, menbr anes, and soft tissues
are renoved; and the carcasses are washed twice in PBS. They are then

transferr o fresh 10 bacteri a i shes .cont.ai ni.ng 2 .

ronet o G © e i ng S S HlRRE RS inad of GEe PR BT ter st dngludes o
trypsin igovidiag tallbdutdrewrddictof e ibMENbCiacildingh Bhstt8oahBS coaing theh@dn

m xture is trapsferred,to a.15 HL cqQni c I_tqu. Debri s ig alhgmgg t O,
settle fdepositsd fomageating salition An¢ cqalin iog Jcfusles,a mixiue ofigitiapiugy magix
L, and gYrabigfadahAqPeohPsdWint, kieIstal fFotkinebfceRiraiof ithe Tddink kdltion bR
flask is incubated undi sturbed for 24 h, after which the mediumis

24 h, : h t .
repl aced.2bovtdAre/mhiaboutr gneiBh f heeiibring mped alse ipclydes adpiag a syseensioniof
1: 2 i nt 0 ARWohlcARKPce! VRN R RIR HOR I CufthE HRRLASINS maatmg tRY QRAGREGerh N
nEF nedi um contai ni ng 90% DVEM (G bco # 11965-092), 10% FBS ( Hycl one
#30071- 03¢lls At QOnimhumidifiedeain ah 87°Crte Brodpgeapdfegantiated eqioricsdprsrplyyenic
430825), bt the cells 1:2 every other day with trypsin, to
keep thesggi#@kgﬁﬁf%@nfluent. [ 0086] The enbryonic stemcells can be
pl ated onto the container in a suitable distribution and in the
presence he ¢ L . i i f
enbryonié&@? n1ce?ﬁgb%h§@ﬁ%£§§ %g%%PéﬁﬁHH%ﬁ@ﬂggﬁwgﬂfﬁ?gggHE?ﬁai%icelI
suspensi amwiffpihe ned beultuiehrdductyiphich Biaglbe stéted B7-Z0CLHIRT tatsepagehel 77) . I n

contrast, th ssage of. primate enbryopic st lls in,the absence
of 1 coder T BURBR LS v SHirpsBEs g Nehe® B SisBpEMTing It & svnE B3R
in smal | vathustl edlsure MEdIBH|phiocradéing ertsuspaysidnaf@sibaonicsenmmdeds.her
enbryonic stemcells are differentiating is to follow the

nor phol ogi cal features of the col onies. For exanple, characteristic
mor phol oqogr@l f eat wroas embodimelitf £ meed foapepadafisy sletipdend eablyomiasteycells in
t hose Ski"ﬁ$ in the art, ng 'ncludg hi gh nucl ear/ cyt opl asm ¢
ratios, prIRfHERItARSADIneludeste ¥Rt col ony formation with poorly
di scernabl e cell junctions. During passage, sone cells may
differentiate (particularly when replated as single cells, or when

| arge clusters are allowed to forn). However, cultures typically
reestablish a larger proportion of undifferentiated cells during the
culture period. ldeally, the propagated cells will have a doubling
tinme of no nore than about 20-40 hours. [0088] Pluripotent stemcells
propagat ed according to the invention nmay achi eve approximately fifty
(50) popul ation doublings in approxi mtely seventy (70) days.

[ 0089] The cell culture apparatus of the present invention can be used
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inhibitors or stinmulators to determne their effectiveness in a cell
study. Stinulators can include growh factors, which are known in the
art. For exanple, these can include one or nore of platelet derived
grow h factors (PDGF), e.g., PDGF AA, PDGF BB; insulin-like growth
factors (1GF), e.g., 1G-1, IG-11; fibroblast growh factors (FOP),
e.g., acidic FOP, basic FG- 11- endothelial cell gromh factor, FG-
4, FOP 5, FOP 6, FG- 7, FGF 8, and FOP 9; transformng gromh factors
(TGF), e.g., TG—-P1, TOP 131.2, TG-132, TG--13 3, TG--13 5; bone

nmor phogeni c pl"‘)d{r%Y'ﬁ@gGBH}F‘)r‘"géP@aratusBCRﬁﬂ‘ef byghgrsteps "BW'@ BWP 4;

vascul ar endot hel i ct. VE GF,

growth factor; epi @é*?l’grﬂf'gﬁ?b\'nf lé)gﬁ'ft{(ﬂnélolgt)@@ﬁg eg‘éacﬁlY I%arE'@f‘p ?E‘C&H

anphi regul i n, bet agglgodéritdlin alfRB&EINRedtatich 06 dbhtkinet sittadlé RidkéINGltuBng. |
l.-1, IL-2, IL-3, IL-4, IL-5 [14-6, IL-7, IL-8, IL-9, IL-10, IL-11,
|L-12, 1L-13, |L- 2 inmbhtbmyhsttqntmﬂeatortﬂjnih@tbb(ﬁrstIi(p@@ﬁ)luticm fgt 5 sullBfiert,
CSF- GM CSF- M nerve clLor

hepat ocyte growt h pefigd PPt\r%Q tod oW so(rér}?: r?éllilr"o&"g 9 ﬁeext}a%glgu%r matrix (ECM)
Addi tional gr om;h;ibnéras:toah«sccmtmed,escrl bed in Sporn and Roberts, Peptide

Growh Factors and., The| r. rs. | Ve New Yor k
(1990), which is hé} &B}?"l”ﬁ %5@@{’@&%@8? E’f”gfﬂé c@B{a'“?ﬁe term "grow h
factors" is int endie}iwmlr@nmmaamr rreaevtdny rasmnmlcr‘imﬁt!glmwblmuéract ors
that may be di scov red i f uture, e.their characterization

2 Gr oWt factor . wi DIoPRRAl SEAYIDE SRR couadRE SeRpes By Spe
the art. 100901l\/anﬁ5rggmmﬁlhgtﬂqaegtmcamdrew@ml | abl e commercially from
vendors, such as Sigma Chem cal Co., St. Louis,. MO.; Collaboratiye

Research, Los Al t 0¥)ortanallyggmoyiag theseagrd Higpd sqlion sprepining Jas compgsitiohy -
R&D Systems, M nneﬁﬁﬁﬂlé for st¥PHlizi ﬂﬁ%ﬁt@ﬁell@ﬂﬂnﬁﬁ:@nm sco, CA; and G BCO
G and 1sl and NY. The comrerci a avai l abl e growth factors may be
obtai ned in both nﬁﬂ@?&?“aﬁhd’aﬂ‘é@dﬁ‘b?%ﬁ'ﬁﬂ togemgve angosidrrhereddiapid | n
various embodi mentgy, tope ¥ esent invention provides for the stable,
consi stent pr opagatl on o? pluripotent enbryonic stemcells in a

subst anti al | y undi Yifiedreing ihgtcofagerat e wi t hout utilizing a feeder |ayer
to support th

aspects, obj ega%&g%g ?%éé%ﬂégmo% the %‘gmﬁﬁa@élg{%ﬁ%%@%@@#eﬁgﬁp ar ent
fromthe foll @mrmla@dt@ﬁtwcahwctqutn@mlm&' t he exenpl ary enbodi nent s,
read in conju on.w ef er tQ e.,.acec

The fol | owi ng edd1 nﬁraesﬁaab}eec% den ratllqn %Pgae f*iar\e/rgla&eurpltgl S sena%@*g@“% Jtér?%'élﬁ;?ﬁ
i ntended to, ihecamyinevawnd | i mt t he enbodi nent s and uses of the
present inventj.on ation

B aces [ 0009} PR Forableso BT LbP IRy A B Apksgaeri) Y imbornt
ECM coat eshbewbitsteat @fls,. BD Matrigel Tmvatri x (Cat. No. 354234; Bect on,
D ckinson & Co.) was first thawed overnight at 4C on ice. A series of
dilutions of Matrigel TM (10 nmg/ M stock) was then prepared (e.g.,

1: 30, 1: 10630 1: 3000 oke &Q&Qimént%ﬁhp@ﬁﬂénd%hﬁt@e €4 it efbpmdIVMcMrdveae rmblner,
10313-021; | nvitrogen) 1@} M (Cat. No. 10829-018;

| nvi t r ogeHIEreingishcl bt %erff’ﬁn?ﬁ IR )of each of the five diluted
Matrigel solutions and a control solution were added to the wells of
a 6-well plate (Cat. No. 353046; Becton, Dickinson & Co.), swrled
gent |y td0Q8dht thelnéﬂmf: pabeimensinths nediscsed o quiere s BS Cf%!ﬁdi 3 qpditered @
at room tefRarcal tifird R0 Hhe difRR MUY, She i is ME¥ELdndRloALEmédRsh uded

at | east one ]
supplemented with basic fibroblast growth factor (bFGF). The bFGF may be present in an

amount of about 4 to about 20 ng/ml in the media. It is noted, however, that the method of
culturing is not limited to this culture medium. For example, a number of media have previously

lTM

been shown to be compatible with culturing ES cells on Matrigel "-coated surfaces. For
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control well, which received the control solution. The control
solution was nedia with no Matrigel TM 100931After incubation, the
Matrigel TM dilutions and the control solution were renoved fromthe
wells via aspiration, and 6 ms of ddH20 was added in order to wash
the wells and renove unbound material. Wthin about five m nutes of
addi ng the wash solution, it was renoved via aspiration, and the

pl ates were dried overnight in a drying oven at roomterrperature wth

the lids on for at |east about 16 hours. After_the dr E%Q/C}Yde t he
pl at es weramplaRidcondigianediaedia/ @y, ctahd2094: 3tew Gofls, é’t?:g Esniel for

sterili zahh@foned HRERRSbfKovict 4181, $1085) étérﬁ@@l@b@’@@@%l”ﬁr@ Vineirs dieah! v

packaged i n noi sture-resistant vacuum seal , and stored
pronptly (atogteaﬂzussqnoagll](%mD@@efmeaiahléwaW@, %?@l ﬂ%ﬂ‘lrhid%ﬁnd{ﬁgsﬁémeéla
on the pl; b it QRRoIBE S BRMFEBh AR

bel ow in @gﬁpchﬁgl%ﬂuﬂwg?e% (%E%%/B%E!' g%i @él\ﬂgéglgk?ha{%ﬂsﬂl %F’gﬁe coatlan fions,
i ncl uded Jahege2tdepost pesliobsip fouad tolt selgl isdhisiteigard, wherei n t he tot aI
protein concentration in the coating solution was from about 10 pg/nl
to about Ing/m. In sonme enbodi nents, the total protein concentration
in the cdeed2hg sol By weyofidisstationytoBitignedhediuhcambopep3a0by duglndg | n
ot her prefe rote tion in the
cont 1 ng. BRI DRI a g et Os SEPPoTE P og e s

per f or manegaeheithtedompiirt ag dofcaseple I ENE KVD &AM, (bﬂiEMEW‘EETcoﬂfammg 4

b esence "G HroR A ATt REOREF S 1 BUSE BERFE GRS O Ubl TregRbster
i ncl udi ng day @i 30! d@hppladnfddilignidativhd gR¥vth B0k, n{cmain@gem Méreray be

prepared by, dllutlng a stock concentration of the ECM mi re to a
final totsBfcifiseby S rceieatiate Bse Bt Casts BRfleront the d Sl

3001. 19/ dhmbbhARIDAbQIco'O o8 TTied BhilaDhediad léEDlEM)S GﬁBéS mztl 19@’5:@92c ﬂﬂédkﬂﬁl
procedure is the same as that described a

di | uti ondPulaes réodrlﬁ%dﬁ%gée Sdmdalimnélﬁoxﬂl\&'ﬂ‘éwq'hﬁq#n@f%? Oh%élﬂebﬁ lﬂ§/58r¥>
pl at es Cmgﬁh aflahzg isﬂgmrué{é 9hEmML- cguﬁannﬂe %%tﬁapstomow G0 LERRIH 2850 el ow

in Exanple ults indicated that
| ami ni n/ ealutien, ﬁbwdéﬂ%o%rﬁ*@@@@t%@@rWﬁ@aéé\'l?/@lz! hugranirecombigptrbasies

coat ed Wﬁb?%%%g% PR 86! EMF], o 3130 2006hol gﬁ&ﬁ{lﬁg@&pm%%mﬂig ES medium

sur f aces IS no hat opti onal orenentione
washi ng s mpdmiédm%)DMW&WQlcaIWGQMEMmEQ%f@f' pedoldiat bayinsfserue(FBS) not

| venti o, e RS ISR i Do i 1 15 Bt and 1P LRPY. e

wel |'s ar Ve y washe ’bI ocke e sane me. The
pr esent mmraiptoemsnd’n.aﬂ?}re mefddum ¢, filfeced amd<siorpdi e, 4°leatnobbx¢gtkthng12mfeeltsh&erum+ I
surface

i t l ocki t
agent, s ’éeﬁ%ggne U%?ﬁ ewﬁh%ééqg(a W%Md%dg/gﬁ”i“{l VP %Sce'f]%éels}arn ?%18 rg'fllri ng
an a;:cel ?ﬁ?ﬁ(ﬁaﬂ:lcﬁg] iyl L-%EIltalﬁi'i‘kle ?ngbﬁmM@mc@mﬂaml Nﬁttaquaetunﬁxttep!a¢emehﬁs4c
was foun crose- ed we roomte ure or
produced Y48 |aﬁé’? BB SerHmy a°§f“§?fé? E%ﬁg%@gr@hé@(’ﬁrﬁ?y?ﬁ g'fcﬁ

Wi t hout kjbeelebRGrodd the mahbfadtureSMTIRMMUNER filtERl Snd SoshawtC fme 1e%gtmhe2
in FIG 2, where the sucrose was esent in the bl gcki ngl@rol uti on %
1. 25% w Weeks Jusbhgfors sprmBiningririth th sg%ferfe{scgn Qi Bumag e adde

bl ocki nNg ;sfHadonedhirhdondsauisL.of about 0.1 to 5 %wv. It is also well
within the contenplation of the present invention that other sugars,

such as trehal ose, or proteins, such as gelatin, would be useful in
this reggpehs The media/medium is then combined with the cells used for conditioning in an

environment that allows the cells to release into the medium the components that support
embryonic stem cells. Optionally, the cells can be inactivated (i.e., rendered incapable of

substantial replication) by radiation (e.g., about 4,000 rads), treatment with a chemical
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10097] The performance of the coated surfaces was further defined by
the results of an ELI SA assay for a major ECM conponent. These
results are described below in Exanple 2. Exanple 2 - Determ nation
of Amount of Absorbed Protein on Coated Plates [0098] The present
exanple is directed to the detection and quantitation of
extracellular matrix protein adsorbed to the coated surface using an
ELI SA assay. The ELI SA assay was designed to detect collagen IV in

the plate coatin using an anti-nmpuse_col l agen IV anti body. Coll agen
IV is a rigjclrate F SRR Of Ny thesifeshvegpgiagd. Jihs dngetiatiph of thecebls &

coating iy fl-sQar ?%&EQJ\&S ke WRI hediMinh RisBpatdi& Bkh tHetcﬁnd?{wﬁlﬁfceﬁgbéf&%@se

artisan through the use of antibodies specific for other proteins in
t he coat iimgupperipssiemiceh cullloeo9] Pl at es coated as described in Exanpl e
1 (100 Isg/nmL) and uncoated control plates were allowed to
equilibrate to roomtenperature. Coated plates were washed by addi ng
2 nL wasHOM4l f er (DhexeHbarFwelbmedio theShedimm Alr dufficiant tHee tolabonv gdeqnige

Pr oduct

o eaoh waehthich B teaia ek i chlfubid oGRS TROERI Tnlclils))
paper t owkdtsugports iﬁanwlmrmg oémbrbquustcln oelistwithost cﬁﬁ’aemfatlbﬂneTypedallg, méﬂh&n

wash proce

sol uti on P1° é?f‘%@y vljl?ug [lkﬁrc%%'\l\g? %@@%%EFBSUHP % Omc er

( ﬁat . No.cufplle Gk zm))urg ng‘Xe\Bqltb:f@mmlﬁg RIESY caats a]?ﬁlded upwareamﬂomtvbrdand
the plates were i ncupated at roomtenperature for one

end of t ﬁéterrwewsgfﬂ.paﬁalﬁpé&r Buessones by Be kg EPn el STAL SRR O { T om
the plat %n@lﬂ@estahﬁd&&ﬁﬁa pBFi QL AdidF & eting PR b EebnliifibRe hédi®S, the cells can be
[0100]Ant|-n0%a§mﬁm( %ﬁn | V ggm ry antlbody rkln%adglutlon

added t o YA grRateh wn gyeraenhen tliug KiSTRAY &Y #%n
was prepakgedasiog as #0 céllé/rb‘t)und}hehttﬂbllﬁ?to%mﬂtuﬁ{ Q6 lﬁeafrum m@ﬁlxdei]e&telrasman
(05n1_stock|nto SO The stock antib

sol ut i on FeaBEMPIE ﬁh@éhay like £olfs chr't/fiﬁfmmhffﬁ&gt%we,sé?'ewywcatﬁwﬁ'iw be
rabbi t a%wmml&%é@ﬂﬁavéﬂ(&Pﬁabm‘éym(]%éekgon Cat. # AB756P) into

bl ocki ng sol ution (above) ots of anti-nouse collagen |V
anti body were qualified by conparing dose response curves nade with

various Glbdség' ons ﬁpuée*%ﬁ\gﬁ%w 6@8&% IER caWbUﬁ];édhﬁc&ﬁi%nqhédﬁ | DEYSceRE

the first antibod i val ent utions o e new anti body | ot
wer e det eambedaingd feoranithied §Fd icd (SASED) pregihasuitable sraing.da an Hvsipdive e
curve. Aft r p

vor o1 noubEioskF st REGIR 150 BPRLRLISS B Wi 20y o AR
i ncubat i CﬂBClplﬁﬂB cmhovementqophomw lmfﬂanebadyle(rkﬁsm Robsyok atei harvested piagenta ed
fromthe

o he s Y TSR BB MBS S B B

conj ugat efentteansferred to fresh 10 cm bacterial dishes containing 2 mL trypsin/EDTA, and finely
minced. After incubating 5 min at 37°C, the trypsin is inactivated with 5 mL DMEM containing
10% FBS, and the mixture is transferred to a 15 mL conical tube. Debris is allowed to settle for
2 min, the supernatant is made up to a final volume of 10 mL, and plated onto a 10 cm tissue
culture plate or T75 flask. The flask is incubated undisturbed for 24 h, after which the medium is
replaced. When flasks are confluent (.about.2-3 d), they are split 1:2 into new flasks. Mouse
embryonic fibroblasts can be propagated in mEF medium, containing 90% DMEM (Gibco #
11965-092), 10% FBS (Hyclone # 30071-03), and 2 mM L-glutamine, T150 flasks are used
(Corning # 430825), splitting the cells 1:2 every ofher day with trypsin, to keep the cells sub-

confluent.
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hor ser adi sh peroxi dase (HRP) was added to each well (1 mi/well). The
secondary anti body working sol ution was prepared by preparing a 1:100
(v/v) dilution of a stock antibody solution (0.4 nL stock into 40 nL
bl ocki ng solution). The stock antibody sol ution (approximtely 1:100
dilution) was prepared by diluting the secondary antibody (BD

Pharm ngen, Cat. # 554021) in bl ocking solution (above). New | ots of
secondary anti body were qualified by conparing dose response curves
made with various dilutions of the new antibody ot with the sane
dilutions of the first antibody |ot. Equivalent dilutions of the new

anti body hets) Wer e ARt AR cArEH BY fisted &iffo the BERAINECHL SMtaBfe T he
dose response curve. After adding the secondary antibody working

sol ut i on,digtrhwtiph andes theenresengsof Betcerditiencd megigmy The propagatice abEPYEUr e.
At the e%%bgonmf‘en{ any hRbive dlE}ﬁ:Fs‘n%qhe Ldne 1&@&99@@-’&&41 e@,sen%f#mmshh Neth.

sol ution was renmoved fromt |'at’es and the wash procedure was
r epeat ed MéirBiel. 75:8%. 19?'0@5@2$w7t7ér1n@qm43i, B}eamsag} af primeterambeygpéorsianyeadls

(TB) (s ST Bl Bl AR Brepit RS e S AP L ROR .
I nc., Catclustérs53-00-02) was added to each well. The plates were
incubated at roomtenperature for 8 mnutes to allow the color to
devel op. After 8 mnutes, 1 nmL of an acidic stop solution (TMB stop

sol uti on [besIM KPL, A bﬁlﬁvem@ﬁtweﬁ&@d&&ﬂﬁﬁ@ whaieer adbtednit stemaehs ave differcdGfing
piL of the rea ction m x ure frome S transferred to a

56 wel | oF e ik 6 PREPHEISSISH LS R eh Bl PSRl ChEreF S

t enper at wi@pHokiaa! feadis oPlnisif@tmiatdhB8dells)are Kid@nplyaias sk1W&hﬁ thegicland

within5 nlnute after st oppi ng.the reacti on. average 0.0.
r eadi ng fl@ﬁluq;g,@p ghdwiglgarfeyjoR aﬁlalctrﬁ sslgﬂglqe@tawfliegh aﬁcf GQmpagt y formation with

cal cul at gderlyl; Jn&eh@rs%gélp}aaehdhasa&aqlgwésageegbn&ycem Maﬁulﬂgrehhﬁe f4alcagy
0.0. of the sanple wells by the nean O. of the uncoated contro

vel | s. [onfssiepw@eckﬁémngle@ﬁ“% Hewwdﬁrgaclmtefé@ alavedin 15pY; Bavevae AUSs of
at | east ghoy ré%sébwsﬁIan&gér%ﬁoeﬁﬂ%@rmlﬁaentrseafa@msau@hﬁ el ARgle pEriddne

present eXanple. These results are depicted in FIG T. The ratio of
t he opti déqalluéhpswrppaggteépeltsweH\ne‘rq adoghlingimefae sprpthap akout F0-¢¢pours.
uncoated plates was greater than about 4.0. Exanple 3 - Preparation

of Fi br ohh@s (NEF])]uﬁs%ﬂa@gteﬂn%@srmh@&@ﬁ&hﬁu\%ﬁ@%nﬁveeﬂafmhyeadheve

directed to ! t$rocedure used ﬁre are f eeder | ayers from
whi ch NVERPRIgRFIate HHBHCAERRPY IR doURHPErd s pRAIOX INBRY SGEMtY peder
| ayers were used as a control surface for culturing human enbryonic

st em cel I[gog@¢cor di i@ def cilBirb GsharanRlolf tHePpesEht ifvedthtd caf be ufRd epREtabiiqr of
Substratuanor Feeder Cells [0105] I nactjvated MEF feeder cells

(i rradi atieidbisys eristipHptarntodeterraige Q‘G‘reﬁe%l"f’*’ieﬁ%“ﬁrc&[rlﬁmdy Stimulators can include

growth factors, which are known in the art. For example, these can include one or more of
platelet derived growth factors (PDGF), e.g., PDGF AA, PDGF BB; insulin-like growth factors
(1GF), e.g., IGF-1, IGF-II; fibroblast growth factors (FGF), e.g., acidic FGF, basic FGF, -
endothelial cell growth factor, FGF 4, FGF 5, FGF 6, FGF 7, FGF 8, and FGF 9; transforming
growth factors (TGF), e.g., TGF-P1, TGF B1.2, TGF-p2, TGF-p 3, TGF-B 5; bone morphogenic
proteins (BMP), e.g., BMP 1, BMP 2, BMP 3, BMP 4; vascular endothelial growth factors
(VEGF), e.g., VEGF, placenta growth factor; epidermal growth factors (EGF), e.g., EGF,
amphiregulin, betacellulin, heparin binding EGF; interleukins, e.g., IL-1, IL-2, IL-3, IL-4, IL-5,
[L-6, IL-7, IL-8, IL-9, IL-10, IL-11, [L-12, IL-13, IL-14; colony stimulating factors (CSF), e.g.,
CSF-G, CSF-GM, CSF-M; nerve growth factor (NGF); stem cell factor; hepatocyte growth
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ATCC, Manassas, VA) are seeded on gelatinized cell culture dishes in
‘order to provide better support for long culture periods. In
particular, culture dishes are coated with a 0.1%gel atin sol ution
foll owed by incubation for about 1 hour to overnight at room
tenperature. Thereafter, the gelatin was renoved, and the

gel atin-coated dishes were rinsed with cal cium nagnesiumfree
Phosphate Buffered Saline (PBS) just prior to plating the inactivated
feeder cells thereon. Thawing and Culturing of the Feeder Cells
[0106] A Veesar: a5 ciiary @U(mrpplaa?a&f%&%%a lrgreyih dctors aregeseribyl iRGPorsent:
1040. 1 1 o ATB&dtille WRswih Fh&brs bRPTRSE ¥ 8681, Iss;srlﬁ eRfg, iNew Vork (P060)

wat er bath. AS soon as the cells were thawed e vial' was r enoved

f rom t he whighes hasehtyrincosprdatechiey igtprasicel elefterfm‘?@rwarfa%% ip dmdeditoRneaPAER,
ethanol . ,Thep uhi %@&m\ﬁ@&t&pmﬁﬂmsy%@d.gcb@émn% m;@sme@@!enmre the
rernaumnéJ ste procedure vere performed asepti cal

cel | contcbmcseraauanve agreabth fastos wald bpreadi determinable blepﬁtrmsmllqdv)mﬁh%arbf
pre-warned MEF nmedi a. Subsequently, the cells were spun at 1000 rpm

and the ﬁb{%@’:nat anlfa \gfh%g%rggrq avai Ejﬁlecc@rlnheﬁgllgg%ﬁ%déﬁ%uw&rgﬁga in

48 mMs o medi a IS ce pensi on were

di spensefhpmicabied. ,IStdtougﬂem j @@ltaéeraﬁvw%dsear@ boeslex Epakienzyas, duslridgbed
above. T ep e | Faat
37 appr ot B Eesh S bl Ry AT ieara i Nk, G hlaiisgh Heffed o’
was repl an@dl%@,fﬁrﬁncﬁlstaod NY. Thescoofmer¢iddlyalyhidebte grendihdmtas mafESe nigdined in
(if the %e redteo S “§E’>E 'ghe next day) and the plates were
returned °f ”?Wéa FHcibat ope Igrfpl e 4 - Feeder-free Culturing of Human
Enbryonic Stem Cel | s [0107] The present exanple is directed to the’
cul t uri ng00st] hunarTterdfory.dnivarias emb¢diBES)ts, dhel dresentrinenti@Qpeidest fetithe stable,
surface p d as I Y

cul tured ??15%? "gprBPa&lEej%"cée}rpl mpﬁ/@ﬁpcon nclsger?éﬁeqﬁgrh?swmﬁﬁhggpgﬁgr@ gna?%dﬁ
of whi ch stage viemartiietig hdteder. layer td sipprot thel grohavwelithe cells. hﬁhosb hﬂi athdrt uri ng
met hod of th resent venti S no

1 or st GEPRERE SRt B e S pRinten of Dhielin? pEpeginh P e
successf uéllomﬁgdetamwdesenptlsﬁw&urekaﬁ;ﬁa-ylemmgmdmf; fredddn torjanedibt ivitherld and
defi ned msdl a herein descrjb d ngggq@tl on of MEF- cf:on[ i tioned Mediu um
[ 0108] MEFSIPIERGLP: t'&feﬁcF%m%ﬁ"é‘“éulgt"ﬁ? wingfEAMRISE Ag I platlye RYRyses an
above i n akxaiMtddsd toNERn #8¢eimiCHt bfibotafichdinatues oathe@&se.aﬂn@:ﬁhdzs/ cne
in MEF nedium The follow ng volunmes were used: 3m/well for a 6-well
plate; 10 M for a 75 m tissue culture flask; and 20 M for a 150 mi
tissue c ’ ask. The MEFs were cul tured overnight. The nedi um on
t he I\/EFsmggaced with hES cell nedi um supplenented with 4-10

ng/ M hbExampha NDpiviizbedoefECMr Ceréd Sirfidae condi ti oned medi um

Condi ti oned nmedium from feeder plates or flasks was collected after

cont ai ot A9 10° ngie ik EEbreRL sl s Rte PR e BRI, 2o

process MamgletMMatmg(CIah &Noc 834284 ;dBeeton] Qiakinsdnck Cowmds Byst ttaaivh@c\term@tawc

condi ti oned re e [.d
cond for B el loERSBa et i HRuh PRt Wither MSpi{ @ gr ot 6,
medi um  Re300) 1:30000820,000) asihg cuid (ﬂgCh[EﬁEge(Gas Noam03add]2ﬂ; leniabgdh) ngKi@d- of
hbFG Wa%l\%llg[ 8at ~810 %%2&8[1?'112\!&?&%% fl'ﬁgéo‘%sr?z mis/well) of each of the five diluted

Matrige!l solutions and a contro! solution were added to the wells of a 6-well plate (Cat. No.

353046; Becton, Dickinson & Co.), swirled gently to coat the entire bottom surface of the well,

and incubated at room temperature for about two hours. Each 6-well plate included at |east one
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Cul turing hES cells Using MEF-conditioned Medi um On ECM coat ed
Surfaces 101091ECM coated pl ates prepared as in Exanple 1 were thawed
at roomtenperature. Then, 2 m of MEF-Conditioned nedi um

suppl emented with 8 ng/m of hbFG- were added to each well of the
6-wel|l plate, and the plate was placed in a CO2 incubator for up to 2
hours. After optionally hydrating the plate in this way, 0.5 m of
hES cel | suspension in MEF-conditioned nedi um suppl enented with 8
ng/ M of hbFGF (Becton, Dickinson & Co.) was added to each well, and
the pl at soned well,agech ioeriveditire qohiol GaRtipm dheantie! fodutiopwas miediatwith no
|ncubat| 1317 C. This corresponded to Day 0. On Day 3, the nedium
is repl ace th fresh nmedi um Thereafter the mediumis repl aced
with fresh mediumdaily up to W% T | oni es of hES cells were

obser vabll@%hder a‘\ﬂfﬁrm%@péhe wigel "V Bintinas pnd theeanirot sedion werraemped
passaged, t:

G 71 or oniioay AEVEIME gl IR GERED Bl o ik Puh B chiPlnd |
Exanpl e 5emcExanlpJ:lued Blaterlbhﬁi]tho‘ca,bbwtdhemieutcwfﬁddin@dm veasl @iut@pTihwas
present exa

I
to test for° qg? Ff g?pérﬁtm'ataggﬁgﬁﬁ % anc?{"ef er 8"%;' gﬁ mﬁ‘E@{% ”% & r‘3§|ﬁ tertfiFflure
parti cul a¥ith tlfdﬂﬁlsrmrf&at leafitzbdan dé keurs. rAdier fRE&BryBysdyelepthé plates #ee@aﬁagedmwe

used to termn ffer tlat n_st.atus a

berl's fr S kM ang eisted inuéted el BEv el Bht e Thesb e e RS T Fere
6-wel | t iirﬁﬁﬂ@saﬂﬁ bidkth@:dph aﬁ)eturé RiitthiGatiu @6l BESagerddstdrédyromydyal-20°8.
were washed wt of PBS. Then, the cells were fixed with 1 m of"

4% par af dehy for 20 mnutes.at .roomte rat.ure. fi xed
cel s nentahshod o Bt "5 Sioaft osaBS Fuls S Mt Seied s
Subsequentdiygel thilutelslase S&ﬁfﬂ&iribéd]ﬁkﬁdin\lﬂxhﬂﬂpﬂa 6n1fhemé re@ulﬂs%cB&eed B8 %itable
nor mal goat, ser ri t he, bl ocking, the pr ant body wor ki ng
sol ut i Oncg\%@giﬁngﬁqugﬁoswg? %ﬁf%ﬁ“ﬁg sRjuticy, e'ﬁ 19’ rﬂ%% goat
Ser um t o cgnckhtRidibn e EQEin@Ed1tRRAGYAs GORCBBI 1BTIgh thaskd 1 apnINg some
manuf acturer' s recommendations. It is noted that, for both t
3Hdlrgﬁal|toabout

bl ocki ng &BedimesH thetpa! pABInFopsaaIrgtion it thssasing splutienowas abA

Ser um Maygopge ﬁ@nhaﬂa@ﬂprweﬁsu $hddai ﬁén%@'?&&l{b%tenﬁE&%’eﬁ’t&at:@ﬁﬂﬂﬂ@bﬁn@n the
host speci es of the secondary antib 0112] After bl ockin t he

cells werselun%wabea Qi to ﬁhwwq ug&r‘l f h@peafor'm'@l oBiRe FERSUlSUIIBTCR MY
sol ution d&ﬁ{edgyg{emumfsr AleoknBand theRek 6#1:%11 Qﬁfel'eﬁnx%ﬁfn%é@@e??@r@ tﬁ@ﬁr@ﬁnce of

times PBS contai ni ng | % BSA m nut es each wash
un-differentiated markers.

[0095] ECM-coating solutions including a mixture of laminin/entactin or
laminin/collagen IV may be prepared by diluting a stock concentration of the ECM mixture to a
final total protein concentration of about 30 pg/ml-to about 300 ug/ml in media or other suitable
aqueous solvent. The coating procedure is the same as that described above for the Matrigel™
dilutions. Sample results obtained via culturing of hES celis on piates coated with mixtures of
laminin/entactin are summarized below in Example 6. These results indicated that the
laminin/entactin-coated surfaces performed as well as test surfaces coated with the Matrigel™

dilutions and feeder cell control surfaces.

[0096] It is noted that, optionally, the aforementioned washing step used to prepare the
cell culture products of the invention may be performed with a blocking solution, whereby the

wells are effectively both washed and blocked at the same time. The present inventors have
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[0113] The secondary anti body was diluted in PBS containing | % BSA
Useful fluorescent secondary antibodies included Al ex 488 or
594- conj ugat ed appropriate secondary anti bodi es (Invitrogen-Ml ecul ar
Probes). These secondary anti bodi es were used in accordance with the
manuf acturer's reconmendations. The cells were incubated with the
secondary antibody at I m/well for 60 mnutes at roomtenperature in
the dark. Subsequently, the cells were washed three tines with 2 ni
of PBS containing 1% BSA for 5 m nutes each wash. The cells were

t her eaf t épundoforsxample that toakingaf tRBBIntacgivgtha tlotkinasiuromineludine eslesht
nlcrosco Al.Ihe

B ot o fie bl 9&%@1 SR bd @Qﬁxﬁ&éaaﬂéﬁgm gﬁ%&kfg&fﬁ{é @uﬁlﬁatag&%tw
10115 1Th egmgl kesiat htggerssnspeeﬂwps elhhargigulas itdes douind gt susrdEs-hlpgkad wellgbiored at
was used I V.

cur t ur 1 nd Bl gk Bl B it e AR Gl Sl Bbianed
depends, uamqoﬂnteﬂmkmg At ghaildr, teroperanath obigs mslmim‘ ﬁ:rr eE‘cﬁl]ﬂe,llﬂl Fdg r2|, whdre t’n&

di ssoci ati on an r r rvati o Mor eoy u turin
v beont e M pEienD R Ftd Stighel S brye SHsbtf bR RiER B LRl
present  iway piekdnom, thelsleckgedortios th antdAd o} aﬂmt mm asmt w/lvn\neimal@cr welhaitkin

optimzed a culturin t hod usin D Bj oCoat M m coat ed
ool | pitsttestemp Bl ReRreisnt Ve Beuihed St it ah S pro e such
Ianlnln/ggg@gmlaomﬁgéuﬁmﬂﬁpum“egmmever t hese are exenplary coat i ngs,
and the present invention is not limted to these as descri bed

her ei n cul tur]j t hod 0 ual ified,rea , as
RO hurdSBE G o E ebanc AResd Ml e g T B e resthiSdh o
di sassoCiErISAgssiHar & RlaRREEM c({nﬂibﬂlgr]t UheftGredulits Sreffddioel] bty ariampletd,
cell lines fromWCell have been cultured on the optim zed BD

Bi oCoat TM Matri gel TM surface for over 40 popul ati on doublings with
VEF- CM suppl enented with 8 ng/m bFG-. M croscopic i mages showed t hat

these hEixceI le% -tlygér%nayon of Amount of Absorbed Protein on Coated Plates

[0098] The present example is directed to the detection and quantitation of extracellular
matrix protein adsorbed to the coated surface using an ELISA assay. The ELISA assay was
designed to detect collagen 1V in the plate coating, using an anti-mouse coliagen 'V antibody.
Collagen 1V is a major ECM component. Detection of other proteins in the plate coating is also
possible and well within the ability of the skilled artisan through the use of antibodies specific

for other proteins in the coating composition.

[0099] Plates coated as described in Example 1 (100 pg/mL) and uncoated control plates
were allowed to equilibrate to room temperature. Coated plates were washed by adding 2 mL
wash buffer (0.2 mL Tween-20 (Sigma-Aldrich, St. Louis, MO, Product # 1379) in 1L of

1 X PBS (without calcium and magnesium ions)) to each well, removing the wash buffer and
blotting each plate on paper towels to remove excess liquid on the sides of the wells. The wash
procedure was repeated two additional times. 1 mL of blocking solution (1:20 (v/v) dilution of
KPL 10% BSA Diluent/Blocking buffer (Cat. No. 50-61-10) in 1X Dulbecco’s PBS) was added
to each well and the plates were incubated at room temperature for one hour. At the end of the
incubation period, the blocking solution was removed from the plates and the wash procedure

was repeated three times.
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spread out nore on the Bi oCoat TM Matrigel Tm surface and fornmed | arger
col oni es conpared to those cultured on MEF feeders (data not shown).
101181Cells grown on the newly optim zed Bi oCoat Tm Matri ger surface

st ai ned

positive for expression of well characterized

undi fferentiated markers, Oct-3/4 and SSEA-4, and negative for the
differentiated marker, SSEAI. Sim | ar cellul ar norphol ogi es were
obtained fromhES cells cultured on the I am nin/entactin surfaces,
and the cells stained negative for the differentiated cell marker,
SSEAl . THel00bsul t sArt-mousgreatizden &4 primaryablikody weehingsolution was 2dded e ¢agk|

Lam ni n/
* SSEA 4

%vrgllef?ml/@eﬁ:flﬁ@%rifrrﬂl:mttiis&[} J&ﬁiné’?ﬁutfo%as%e%ar@@%g L6 (@%il‘lii&ﬁof
a stock antibody solution (0.5 mL stock into 40 mL blocking solution). The stock antibody
solution (approximately 1:100 dilution) was prepared by diluting rabbit anti-mouse collagen IV
antibody (Chemicon Cat. # AB756P) into blocking solution (above). New lots of anti-mouse
collagen 1V antibody were qualified by comparing dose response curves made with various
dilutions of the new antibody lot with the same dilutions of the first antibody lot. Equivalent
dilutions of the new antibody lot were determined by examining the linear region of the dose
response curve. After adding the primary antibody working solution, the plates were incubated
for 2 hours at room temperature. At the end of the incubation period, the primary antibody

working solution was removed from the plates and the wash procedure was repeated three times.

[010%] A working solution of goat anti-rabbit 1gG secondary antibody conjugated to
horseradish peroxidase (HRP) was added to each well (1 ml/well). The secondary antibody
working solution was prepared by preparing a 1:100 (v/v) dilution of a stock antibody solution
(0.4 mL stock into 40 mL blocking solution). The stock antibody solution (approximately 1:100
dilution) was prepared by diluting the secondary antibody (BD Pharmingen, Cat. # 554021} in
blocking solution (above). New lots of secondary antibody were qualified by comparing dose
response curves made with various dilutions of the new antibody lot with the same dilutions of
the first antibody lot. Equivalent dilutions of the new antibody lot were determined by
examining the linear region of the dose response curve. After adding the secondary antibody
working solution, the plates were incubated for 1 hour at room temperature. At the end of the
incubation period, the secondary antibody working solution was removed from the plates and the

wash procedure was repeated three times.

[0102] After equilibrating to room temperature, 1 mL of the horseradish peroxidase
substrate tetramethylbenzidine (TMB) (SureBlue Reserve (1-Component) TMB Microwell
Peroxidase (KPL, Inc., Cat. # 53-00-02) was added to each well. The plates were incubated at
room temperature for 8 minutes to allow the color to develop. After 8 minutes, I mL of an
acidic stop solution (TMB stop solution from KPL, Inc. Cat # 50-85-05) was added to each well.
200 pL of the reaction mixture from each well was transferred to a 96-well plate and the

absorbance measured at 450 nm at room temperature (Spectramax Plus plate reader). The plates
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positive not tested **SSEA 1 negative negative *Undifferentiated cell
marker; **Differentiated cell marker 101191Cel | ul ar nor phol ogy was
conparable to colonies cultured on freshly coated BD Matrigel TM

pl ates and consistent with previous reports (Xu et al. (2001) Nature
Bi ot echnol ogy 9: 971-974; Carpenter et al. (2004) Devel opnental

Dynam cs 229: 243-258). HI9 cells cultured continuously on the new BD
Bi oCoat TM Matri gersurface for 10 passages in nedia supplenented with
FBS wi t hout bFGF retained their ability to formenbryoid bodies based
on ni cr os¥spiead witgigegninytggafies stopring harcagtis. Jibp pyarage?-Dy rwading Fsmels t o
differ entdoﬁﬁaﬁ.lmﬁe gae{e r&%ﬁ@n AbL&E 8ds cal?Ju?Jtémeﬂ@Bé’ckQ@hﬁ’d @yg&watédm@«t

this surface wll be conpatible wth a nunb medi a

descr i bedlitidingthe awrage (Plés ofybe kaseb!s weltsdydhameap Gt *Pif IBDUM@W gsitrphMpelisnd
that this surface may al so be used to culture other ES cells, as
suggested by G eenlee et al. in 2005 (Toxicology In Vitro 19:
389-397). WHAT IS CLAIMED IS: 1. Acell culture product conprising:
a substr gog3]and aTlmaél]srm@tHeheaitedJﬂatdelmd&htopﬁzaf deDmityBo fad aitragows Ol5uising the

conprisin f, ex | ul ar, matri x_proteins and,an, .a us

CoTvent . oeRnapad THEo Bl b Bt Rt anD P aTToR SHMREoRiaH R

sol uti on Th rakQiftheltipg dedsitied oPdhO kIl oMY ddhted plates to the uncoated plates was
greater than about 4.0,

Example 3 - Preparation of Fibroblast (MEF) Feeder Lavers

[0104] The present example is directed to the procedure used to prepare MEF feeder
layers from which MEF-conditioned medium was harvested. Moreover, MEF feeder layers were
used as a control surface for culturing human embryonic stem cells according to methods well

known in the art,

Preparation of Substratum For Feeder Cells

[0105] Inactivated MEF feeder cells (irradiated or mitomycin-C treated CF-1 line from
ATCC, Manassas, VA) are seeded on gelatinized cell culture dishes in order to provide better
support for long culture periods. In particular, culture dishes are coated with a 0.1% gelatin
solution, followed by incubation for about 1 hour to overnight at room temperature. Thereafter,
the gelatin was removed, and the gelatin-coated dishes were rinsed with calcium, magnesium

free Phosphate Buffered Saline (PBS) just prior to plating the inactivated feeder cells thereon.

Thawing and Culturing of the Feeder Cells

[0106] A vial of cells (irradiated MEFs from CF-1; Catalog No. SCRC 1040.1 from
ATTCC) was first thawed by gently shaking it in a 37°C water bath. As soon as the cells were
thawed, the vial was removed from the water bath, and the outside of the vial was treated with

70% ethanol. Then, the vial was moved to a tissue culture hood, where the remaining steps of the
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2. The cell culture product of claim1l, wherein the coating is
present on the substrate in a dried state. 3. The cell culture
product of claim1, wherein the total protein concentration in the
coating solution is about 30 pg/m to about 300 pg/m. 4. The cel

cul ture product of claim1, wherein the total protein concentration
in the coating solution is about 30 pg/m to about 200 pg/m . 5. The
cell culture product of claiml, wherein the coating conprises a

m xture of at |east |lam nin and entactin. .. The cell culture

product drosefiys wees perfpraied;asentipa!ye OB GeH Gontem ‘PféPe Wiy awptic!ly GagsbmeAt

sel ect ed ¢, 1 @I TP redwarRd BHENS nSdih, rﬂb%uénﬁt’l?&hé AT %teasa@.mat 18O AR And the
sul fate proteoglycans (HSPG, growth f ors and conbi nati ons
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cell culture product of clal wherein the coatin

conpris e@bavmﬁhmﬂehwers dlea dncabiated 31504 B lgrhgmlpilﬁf@lmlt a 87y A@ﬁrOémaéﬁix h,
hepar an i ons
t her eof . %éL%%%&t@ 'ﬁ%%m%ﬁggtct o?g&¥ ﬁ@§%ﬁg$%?ﬁﬂ% e C%Q%FHQ
conpr i sesnaium mthE’Sen@ﬁa q:féﬁre mlhsvere tXibe Tted tluretekt day) 4ndrtke plateslwere retfirned to
claim?9, n the coating further conprises a conponent sel ected
fromthe ghgﬁ%a85nsisting of entactin, collagen IV, heparan sulfate
prot eogl ycans (HSPG, growth factors and conbi nations thereof. 11.

The cell culture product of claiml, wherein the aqueous solvent is a
buf f er or&@eﬂgﬁﬁsdz@i'mgﬂwz of Human Embryonic Stem Cells

[0107] The present example is directed to the culturing of human embryonic stem (hES)

cells on an ECM-coated surface prepared as described in Example 1 above. The hES cells are
cultured in the presence of MEF-conditioned medium, the preparation of which is described
below. It is noted, however, that the culturing method of the present invention is not limited to
this medium, as prior studies have established that embryonic stem cells can be successfully

cultured on ECM surfaces using different conditioned and defined media herein described.

Preparation of MEF-conditioned Medium

[0108] MEF feeder cells are cultured and inactivated as described above in Example 3.
MEF feeder cells were plated at 56,000 cells/cm® in MEF medium. The following volumes were
used: 3ml/well for a 6-well plate; 10 ml for a 75 ml tissue culture flask; and 20 ml for a 150 ml
tissue culture flask. The MEFs were cultured overnight. The medium on the MEFs was replaced
with hES cell medium supplemented with 4-10 ng/m| hbFGF the night before harvest of the
conditioned medium. Conditioned medium from feeder plates or flasks was collected after
overnight incubation of the MEFs in the hES medium. Fresh hESC medium containing 4-10
ng/ml hbFGF was added to the MEFs, and the above process of culturing the cells overnight,
followed by collecting the contiitioned medium was repeated. It was found that the MEFs could
be used for about 7 days with once daily collection of conditioned medium. Prior to use in

culturing hES cells, an additional 8 ng/m! of hbFGF was added to the conditioned medium.
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12. The cell culture product of claiml, wherein the coating on the
substrate is further of a blocking conposition conprising at |east
one bl ocki ng agent and an aqueous solvent. 13. The cell culture
product of claim 12, wherein the blocking agent is selected fromthe
group consisting of gelatin, sucrose and trehal ose. 14. The cel

cul ture product of claim 12, wherein the bl ocking agent is present in
t he bl ocking conposition in an anount of about 0.1 to about 5.0% w v.
15. A cell culture product conprising a substrate; and an

extracel | QhlawringphiES oelis iaing MEF kenditionedMediemOn BEM-oadtedSurifscendsor bed

or bound to at | east one surface of the substrate in a m ninal
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extracellular matrix conprises a m xt | am ni ns. 19

The
appar at uSUNEEr EPigrasEope, Thipehs ¢lle H@I%W? 8‘&"@{ P PasTaEFHa OF FRP EYﬁﬁiﬁ? ises a
m Xture of,qh@Bkbdheddty SHRE Lol t8ht for differentiated and undifferentiated hES cells, as

described below in Example 5.

Example 5 - Immunocytochemistry Protocols

[0110] The present example is directed to an immunocytochemistry protocol used to test
for differentiated and undifferentiated hES cells. In particular, hES marker antibodies from R&D
Systems (cat # SC008) were used to determine the differentiation status of the propagated hES

cells from Example 4. The present protocol is for cells grown in a 6-well tissue culture plate.

[0111] Cultured hES celis from Example 4 were washed with 2 ml of PBS. Then, the
cells were fixed with 1 ml of 4% paraformaldehyde for 20 minutes at room temperature. The
fixed cells were washed twice with 2 ml of PBS for 5 minutes each wash. Subsequently, the cells
were blocked with 1 ml of 0.1% BSA, 10% normal goat serum. During the blocking, the primary
antibody working solution was prepared with PBS containing 1% BSA and 10% normal goat
serum to a final desired antibody concentration based on the manufacturer’s recommendations. It
is noted that, for both the blocking solution, and the primary antibody solution, the normal serum
may be replaced with that from another species depending on the host species of the secondary

antibody.
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20. The apparatus of claim 17, wherein the extracellular matrix
conprises a mxture of lamnin and collagen IV. 21. Acell culture
product for growing cells in culture conprising: a substrate nateri al
defining a surface; and a coating deposited on the surface of the
substrate, the coating conprising at |east one extracellular matrix
protein selected fromthe group consisting of collagen, |amnin,
entactin, and heparan sulfate proteoglycans (HSPG; wherein the
density of said extracellular matrix proteins adsorbed to said
surface i91Rlich t haftet lecking the celfs weneinoytated adithd eniéwel o f{t@D)ilutadawmtibady

uncoat od STE ot S Rrad S8 C TR WY RNl RRRLER SR AL,

each sai dPE:dnmirdig Eie BSch foyS aninulilsleSA wesb.ay conpri sing the foll owi ng
st eps: (a) washing said surface to renove non-adsorbed proteins;

(D) contapl|#9 sal ghSUElas Mildhydbhs GESH Pifs c%n@rnkmwlaggt. bbady

directed agarnst said e ar matri x protern; I ng
sai d sur f foesstant seeomhaey antibadiesdnghwderdevigx 488 tor bdsongignted aeratoagéd sesandaryi d
extracel | ul

ar.. X pr i n. contactin ai.d surface wth, an
exces. of b tie Bl Rty prapL eSS bR RHen SO HoRell
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surface to.r upbound secondar nti body; f),contactin
The. oo f ottd MR T GRomtES BSrate AR it A Sbsepuauty? ot b e
form a refgkigds Witk R Wil @ PBS containing 1% BSA for 5 minutes each wash. The cells were

thereafter covered with 2 ml of PBS and visualized with a fluorescent microscope.

[0114] These immunocytochemistry results are described in Example 6 and summarized

in Table | below.

Example 6 - Results

[0115] The culturing system prepared as described in Example | above was used to
culture hES cells in MEF-CM, However, the method of culturing is not limited to this culture
medium. Culturing success depends, at least in part, on methods used for ES cell derivation,
dissociation and cryopreservation. Moreover, culturing methods that have been validated over

long periods of time, such as those of the present invention, are preferred.

[0116] The present inventors have optimized a culturing method using BD BioCoat
Matrigel™-coated 6-well plates, as well as 6-well plates coated with a mixture of
laminin/entactin, for example. However, these are exemplary coatings, and the present invention
is not limited to these as described herein. The culturing method employs pre-qualified reagents,
such as BD™ human bFGF as a media supplement and BD"" Dispase for disassociating hES

colonies.

[0117] Using this method, H9 and/or H1 cell lines from WiCell have been cultured on
the optimized BD BioCoat™ Matrigel™ surface for over 40 population doublings with MEF-CM
supplemented with 8 ng/ml bFGF. Microscopic images showed that these hES cells typically
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(g) adding an acidic stop solution to the reaction m xture foll ow ng
oxi dation of the TMB substrate as indicated by a change in the col or

of the reaction m xture; (h) neasuring the OD at a wavel ength
of 450 nm 22. A nmethod of preparing a stable, ready-to-use cell
cul turing system conpri sing: appl ying an extracellular matrix

coating solution to a surface of a substrate, wherein the total
protein concentration in the coating solution is about 10 jig/nml to
about 1 ng/nil; incubating the coating solution on the substrate

T

surface; spesadvitgort ke terRioBeat e ¥agrigat | vufasoand foroned fargamco heies civiparegdtie
washing the s i fier I Rg step; and drying the washed
substrat e{ﬂoﬁﬂf@ %9@]&%‘0%‘3%8#(%‘?%150% ,n@'f urther conprising sterilizing
the dried substrate. 24. The nmethod of claim 22, further conprising
bl ocki ng WAB]sur f a€ellndrowhen thahswivaipemized BioGohe Metmgeli reyriagesiningd gositive
prior to gr duri.n h hi.n 1. | Ay .
et udi ngoar A esBr ot SRRl e ShEthid iy aE OB FRIRSE A, W potive
The et hofbr ok diffeadnninied mavideg ISEEA 1t Rinill adlklangoghelotics sesebmoted drofiridid
the group consisting of gelatin, sucrose, and.trehal ose,, 6., The
et had of <0 ATHes.en oy s S b e Bhgy b sBUR A, o e
subst r at ediffereltistddeeh haelker, (SSEAONIAS fekilBAre summarized in Table | below.

Table1
Matrigel Laminin/Entactin
Colony formation Yes yes
*QOct 3/4 positive positive
*SSEA 4 positive not tested
**SSEA 1 negative negative

*Undifferentiated cell marker; **Differentiated cell marker

[0119] Cellular morphology was comparable to colonies cultured on freshly coated BD
Matrige!” plates and consistent with previous reports (Xu et al. (2001) Nature Biotechnology 9:
971-974; Carpenter et al. (2004) Developmental Dynamics 229: 243-258). H9 cells cultured
continuously on the new BD BioCoat"" Matrigelmsurface for 10 passages in media supplemented
with FBS without bFGF retained their ability to form embryoid bodies based on microscopic
images, suggesting that the ability of these cells to differentiate has not been altered. Preliminary
data suggest that this surface will likely be compatible with a number of media described herein
that has worked successfully with BD Matrigel™, and that this surface may also be used to

culture other ES cells, as suggested by Greenlee et al. in 2005 (Toxicology In Vitro 19: 389-397).
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27. The nethod of claim 22, wherein the washing conprises washing the
substrate with distilled water or a buffer. 28. The nmethod of claim
23, wherein the sterilizing conprises W sterilization. 29.The

met hod of claim 23, further conprising packaging the sterilized dried
substrate in noi sture-resistant packagi ng. 30. The net hod of claim 22,
conprising the steps of: a. applying a first liquid solution
containing an extra-cellular matrix in a fixed concentration to a
container suitable for cell culturing, wherein said extra-cellular
matri x coOMBAKECEARVIEDAS: of a |aminin and at | east one ot her
extracel lular matri x conponent; b. incubating said container for a
period of time sufficient to allow binding of the extra-cellular

matri x wilkth saiellcoinrapredpct cempagipd:r ating said first solution from
said container ’su&tramla'arlgatﬁg Fergo(?lr}fe[%sﬂg& bR a Qfﬁﬂg@ola{i’éfn égm i@fng fn%i;(t%fe
sol uti on remafning In nta nert and e. d ryi sal d contalner.
31. A net mfdxma‘celdnlldrnmatnmgo&nbrayd)m gyustsvleelt) \slwc&'mmhlemialmgotem concentration in

the coating solution is about 10 pg/ml to about 1mg/ml.

2. The cell culture product of claim 1, wherein the coating is present on the substrate in a
dried state.
3. The cell culture product of claim I, wherein the total protein concentration in the coating

solution is about 30 pg/m! to about 300 pg/ml.

4. The cell culture product of claim 1, wherein the total protein concentration in the coating

solution is about 30 pg/ml to about 200 pg/ml.

5. The cell culture product of claim 1, wherein the coating comprises a mixture of at least

laminin and entactin.

6. The cell culture product of claim 5, wherein the coating further comprises a component
selected from the group consisting of type IV collagen, heparan sulfate proteoglycans (HSPG),

growth factors and combinations thereof.

7. The cell culture product of claim I, wherein the coating comprises a mixture of at least

laminin and type I'V collagen.
8. The cell culture product of claim 7, wherein the coating further comprises a component
selected from the group consisting of entactin, heparan sulfate proteoglycans (HSPG), growth

factors and combinations thereof.

9. The cell culture product of claim 1, wherein the coating comprises a mixture of laminins.
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providing a cell culture product according to claim1; adding a
suspensi on of enbryonic stemcells and nedia to the cell culture
product; and incubating the enbryonic stemcells at 5% CQ2 in

hum dified air at 37C to produce undifferentiated col onies for
enbryoni c stem cell expansion. 32. The nethod of claim 31, further
conprising hydrating the cell culture product with cell culture nedia
prior to adding the suspension of enbryonic stemcells. 33.The net hod
of claim 31, wherein the providing step conprises thaw ng the cel
culture product prior to use. 34. The nethod of claim 31, wherein

the st || | | ic st |1s..35. Th
1'ai m 51 Ganette o HETE Pt af TELS SriesTiiE kil Bind opbiifcsBpBohel
The net hedec@dd fEdnpiheRloupbbistihgof dheactidblages ') hepnati dulfargebtengldeds ned

cell culture nedi
(HSPG), growﬁl factors and combinations thereof,

11.  The cell culture product of claim 1, wherein the aqueous solvent is a buffer or cell culture

media.

12.  The cell culture product of claim 1, wherein the coating on the substrate is further of a

blocking composition comprising at least one blocking agent and an aqueous solvent,

13.  The cell culture product of claim 12, wherein the blocking agent is selected from the

group consisting of gelatin, sucrose and trehalose.

14.  The cell culture product of claim 12, wherein the blocking agent is present in the

blocking composition in an amount of about 0.1 to about 5.0% w/v.

15. A cell culture product comprising a substrate; and an extracellular matrix coating thereon,
wherein the coating is adsorbed or bound to at least one surface of the substrate in a minimal

solution concentration sufficient to provide extracellular matrix proteins at a saturation level on

the substrate surface,

16. The cell culture product of claim 15, wherein the total amount of extracellular matrix

protein adsorbed by or bound the substrate surface is from about 200 ng/em? to about 650

ng/cmz.

17.  An apparatus for propagating pluripotent embryonic stem cells comprising:
a) a container suitable for culturing cells; and

b) an extracellular matrix in a fixed concentration;
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37. The nethod of clainBi , wherein the nedia is MeEF-conditioned

medi um suppl enented with basic fibroblast growh factor. 38. The

met hod  of claim 37, wherein the basic fibroblast growh factor is
present at about 4 to about 20 ng/m in the nmedia. 39. The nethod of
claim 31, conprising the steps of: a) providing an apparatus for
propagating pluripotent enbryonic stemcells that conprises: i. a
container suitable for culturing cells; and ii. an extra-cellular

matrix in a fixed concentration; wherein said eﬁtra;cellular natFix
conpri ses avhersit gaigopracelulas maprogmaise mighes of ghamiginnef ableast e&1GI ar

Matri x ComMmQpentinlafReWRehpbians dhPwrrtih 3ai€ SttabdIRar FRkrTN i¥ i $dridd stite on at
dried state on at |east one surface of said container; b) adding a

sui t abl e celfast englspiface ofsaid contain@it has been previously conditioned by
an appropriate feeder cell culture to the container; c) adding a
sui tabl e concentration of undifferentiated pluripotent enmbryonic stem

celI's to|ghe eQIBLARE of Afich M), white R dxtdcORPHaRix $Hinbiddek & nfiR0el dri on
to all owfQhint.he propagation of pluripotent enbryonic stemcells.

19.  The apparatus of claim 17, wherein the extracellular matrix comprises a mixture of
{aminin and entactin.

20.  The apparatus of claim 17, wherein the extracellular matrix comprises a mixture of
laminin and collagen IV.

21. A cell culture product for growing cells in culture comprising:

a substrate material defining a surface; and

a coating deposited on the surface of the substrate, the coating comprising at least one
extracellular matrix protein selected from the group consisting of collagen, laminin, entactin,

and heparan sulfate proteoglycans (HSPG);

wherein the density of said extracellular matrix proteins adsorbed to said surface is such that
the ratio of the optical density (OD) from an ELISA assay performed on said cell culture
product compared to an uncoated control cell culture product is greater than about 4.0 when

each said OD is obtained by an ELISA assay comprising the following steps:
{a) washing said surface to remove non-adsorbed proteins;

(b) contacting said surface with an excess of a primary antibody directed against said

extracellular matrix protein;

(c) washing said surface to remove unbound primary antibody directed against said

extracellular matrix protein;

(d) contacting said surface with an excess of a secondary antibody directed against said

primary antibody and conjugated to horseradish peroxidase enzyme;

(e) washing said surface to remove unbound secondary antibody;
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(f) contacting the surface with a volume of tetramethylbenzidine (TMB}) substrate to
form a reaction mixture;

(g) adding an acidic stop solution to the reaction mixture following oxidation of the
TMB substrate as indicated by a change in the color of the reaction mixture;

(h) measuring the OD at a wavelength of 450 nm.

22. A method of preparing a stable, ready-to-use cell culturing system comprising:
applying an extracellular matrix coating solution to a surface of a substrate, wherein the
total protein concentration in the coating solution is about 10 pg/ml to about Img/ml;
incubating the coating solution on the substrate surface;
removing the incubated coating solution from the substrate;
washing the substrate after the removing step; and

drying the washed substrate.
23, The method of claim 22, further comprising sterilizing the dried substrate.

24,  The method of claim 22, further comprising blocking the surface of the substrate after the
removing step and prior to or during the washing step with a blocking composition including at

least one blocking agent and an aqueous solvent.

25.  The method of claim 24, wherein the blocking agent is selected from the group consisting

of gelatin, sucrose and trehalose.

26.  The method of claim 24, wherein the washing comprises washing the substrate with the

blocking composition.

27.  The method of claim 22, wherein the washing comprises washing the substrate with

distilled water or a buffer.

28.  The method of claim 23, wherein the sterilizing comprises UV sterilization.

38



29.  The method of claim 23, further comprising packaging the sterilized dried substrate in

moisture-resistant packaging.
30.  The method of claim 22, comprising the steps of:

a. applying a first liquid solution containing an extra-cellular matrix in a fixed concentration
to a container suitable for cell culturing, wherein said extra-cellular matrix comprises a

mixture of a laminin and at least one other extracellular matrix component;

b. incubating said container for a period of time sufficient to allow binding of the extra-

cellular matrix with said container;
¢c. aspirating said first solution from said container;

d. washing said container to remove any of said first solution remaining in said container;

and

e. drying said container.

31. A methaod of culturing embryonic stem cells comprising:
providing a cell culture product according to claim 1;
adding a suspension of embryonic stem cells and media to the cell culture product; and
incubating the embryonic stem cells at 5% CO; in humidified air at 37°C to produce

undifferentiated colonies for embryonic stem cell expansion.

32, The method of claim 31, further comprising hydrating the cell culture product with cell

culture media prior to adding the suspension of embryonic stem cells.

33.  The method of claim 31, wherein the providing step comprises thawing the cell culture

product prior to use.
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34.  The method of claim 31, wherein the stem cells are mammalian embryonic stem cells.
35 The method of claim 31, wherein the stem cells are human embryonic stem cells.

3e. The method of claim31, wherein the media is a conditioned or defined cell culture

media.

37. The method of claim31, wherein the media is MEF-conditioned medium supplemented

with basic fibroblast growth factor.

38.  The method of claim 37, wherein the basic fibroblast growth factor is present at about

4 to about 20 ng/ml in the media.

39.  The method of claim 31, comprising the steps of:

a) providing an apparatus for propagating pluripotent embryonic stem cells that

comprises:
i. a container suitable for culturing cells; and
ii. an extra-cellular matrix in a fixed concentration;

wherein said extra-cellufar matrix comprises a mixture of a laminin and at least one
other extracellular matrix component; and wherein said extra-cellular matrix is in a

dried state on at least one surface of said container;

b) adding a suitable cell culture medium that has been previously conditioned by an

appropriate feeder cell culture to the container;

¢) adding a suitable concentration of undifferentiated pluripotent embryonic stem

cells to the container; and

d) incubating under a suitable condition to allow for the propagation of pluripotent

embryonic stem cells.
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