SYNTHETI C SURFACES FOR CULTURI NG STEM CELL DERI VED CARDI OMYOCYTES
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[0009] In an enbodinent, a cell culture article for culturing stem
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[0023] Referring to FIG 1, a schematic diagramof article 100 for
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detailed descriptions when read in conjunction with the accompanying drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A-B are schematic diagrams of side views of synthetic polymer layer coated
articles,

[0012] FIG. 2A-C are schematic diagrams of cross sections of a multi-well cell culture plate.

The plate is uncoated in FIG. 2A and coated in F1Gs. 2B-C.

[0013] FIG. 3 is a fluorescent image of stem cell derived cardiemyocytes cultured in chemically
defined medium and on a surface of formulation 1 (A), formulation 18 (B), and

MATRIGEL (C) as described in Example 1. Green: Nkx 2.5. Red: Alpha-actinin.
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[6014] The drawings are not necessarily to scale. Like numbers used in the figures refer to like
components, steps and the like. However, it will be understood that the use of a number
to refer to a component in a given figure is not intended to limit the component in another
figure labeled with the same number. In addition, the use of different numbers to refer to
components is not intended to indicate that the different numbered components cannot be

the same or similar.

DETAILED DESCRIPTION

[0015] In the following detailed description, reference is made to the accompanying drawings
that form a part hereof, and in which are shown by way of illustration several specific
embodiments of devices, systems and methods. It is to be understood that other
embodiments are contemplated and may be made without departing from the scope or
spirit of the present disclosure. The following detailed description, therefore, is not to be

taken in a limiting sense.

[0016] All scientific and technical terms used herein have meanings commonly used in the art
unless otherwise specified. The definitions provided herein are to facilitate understanding
of certain terms used frequently herein and are not meant to limit the scope of the present

disclosure.

[0017] As used in this specification and the appended claims, the singular forms “a”, “an”, and
“the” encompass embodiments having plural referents, unless the content clearly dictates
otherwise. As used in this specification and the appended claims, the term “or” is
generally employed in its sense including “and/or” unless the content clearly dictates

otherwise.

[0018] Unless stated otherwise, ratios of compounds in a composition, such as a solution, are

stated on a by volume basis.
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[0019] As used herein, “have”, “having”, “include”, “including”, “comprise”, “comprising” or
the like are used in their open ended sense, and generally mean “including, but not limited
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Tetra(ethyl ene glycol) CH3 00G | 111 H2c =¢c -¢c -0 CH2 CH2 0 CH2 CH2 O
CH2 CH2 0 wbi2eog@io7401 - C - C WD 2009/ 097411PCT/ US2009/ 032¢11sMosrearert
nane Mononer structure dinmethacrylate 1, 6-Hexanedi ol propoxyl ate

di afﬁbfé]at &s Qsed herein the term “acrylate” includes compounds containing an acrylate moiety or
a methacrylate moiety. An acrylate moiety is moiety of the following formula:
CH,CHC(0)O-. A methacrylate moiety is a moiety of the following formula:
CHC(CH3)C(0)O-, For the purposes of this disclosure, the term “acrylate” includes
specific compounds disclosed in Table 1. “Acrylate” and “methacrylate” are used herein
interchangeable, except when content clearly dictates otherwise; e.g. when a specific

compound or group of compounds are named.

[0021] The present disclosure describes, imter alia, articles having synthetic surfaces for
culturing stem cell-derived cardiomyocytes and methods for culturing stem cell-derived
cardiomyocytes on such surfaces. In some embodiments, the synthetic surfaces are used
in combination with a chemically defined medium to culture stem cell-derived
cardiomyocytes. The surfaces may be useful in differentiating stem cells, such as hESCs,

into cardiomyocytes.
[0022] 1. Cell Culture Article

[0023] Referring to FIG. 1, a schematic diagram of article 100 for culturing cells is shown. The
article 100 includes a base material substrate 10 having a surface 15. A synthetic polymer
coating layer 20 is disposed on the surface 15 of the base material 16, While not shown,
it will be understood that synthetic polymer coating 20 may be disposed on a portion of
base material 10. The base material 10 may be any material suitable for culturing cells,
including a ceramic substance, a glass, a plastic, a polymer or co-polymer, any
combinations thereof, or a coating of one material on another. Such base materials 10
include glass materials such as soda-lime glass, pyrex glass, vycor glass, quartz glass;
silicon; plastics or polymers, including dendritic polymers, such as poly(vinyl chloride},
poly(vinyl alcohol), poly(methyl methacrylate), poly(vinyl acetate-maleic anhydride),
poly(dimethylsiloxane) monomethacrylate, cyclic olefin polymers, fluorocarben
polymers, polystyrenes, polypropylene, polyethyleneimine; copolymers such as
poly(vinyl  acefate-co-maleic  anhydride),  poly(styrene-co-maleic  anhydride),

poly(ethylene-co-acrylic acid) or derivatives of these or the like.

[0024] Examples of articles 100 suitable for cell culture include single and multi-well plates,

such as 6, 12, 96, 384, and 1536 well plates, jars, petri dishes, flasks, beakers, plates,

th
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Tri met hyl gfipr gpadesiRrN 20 adiranbydtfl REREABRéd dultire slides, tubes, cover

slips, cups, spinner bottles, perfusion chambers, bioreactors, and fermenters.

[0025]

Synthetic polymer coating 20 provides a surface 25 on which cells may be cultured. The

synthetic polymer surface 20 includes polymerized (meth)acrylate monomers, selected

from the group of monomers provided in Table 1 below. Other materials (not shown),

such as peptides, may be incorporated into or conjugated to synthetic polymer surface to

produce a biomimetic surface.

Table 1: List of acrylate and methacrylate monomers

Monomer name

Monomer structure

Tetra(ethylene glycol) diacrylate (

0
1l
H,C=CH =C —~0OCH, GH, OCH, CH2)2 o)

Glycerol dimethacrylate

CHy © OH O CH,

| 01
H,0=C—C ~0 CH, CHCH, O—C—C=CH,
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dimethacrylate " o F, CH, ), H,
3
© 0

1,4-Butanediol dimethacrylate

1 I
H,C=C —C—0 CH, CH, CH, OH, 0—C—0=CH,
|

CH CH,

3
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o o)

K 1
H2C:CH—G-‘€DCH2 CH, 9-0—C—CH:CH2

n

. o o)
Di(ethylene glycol) 7 0
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CHy 0 O CH
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Monomer name
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dimethacrylate

1,6-Hexanediol propoxylate

diacrylate

o
[l 4 A
H,C=CH~C ~Q -QCSHS 0 +-CH, CH, CH,
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Neopentyl glycol diacrylate o CH, 0
| ] !
HC—CH C OCH, C CH0 C CH-CH,
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non-uniform surfaces tend to be nore variable than ce responses
across unfernmiexides aidieys oxiflooBppesyaPPhet i ¢ pol ymer coating | ayer 20
may have any desirable thickness. However, it has been found that

thi plsy] C%mea%@lyﬁmgcoaﬁﬁgraw&gﬁ) %etﬁérecﬁ;fa]ﬁﬁedt&%ﬁiéﬁia!édla]tha%M%% s,

tend to have unevénness around eri phery of the coatihg due to

surface tmasiigdl, prafeiahy w@n@%@dis ‘@Iﬁieﬂflﬁ@ sylisiraiRn Bys vaiformhiecentesli’i ng
layer 20 I't & 1111&%@ t}{apﬂ@ I%ngb (ﬂl)o gp) @%&gefo? bR e}ﬁg Gs ?c%lf% wéll (t:ultélre

t hi ckness na ess m crone ss t han "abou

m cr omet eplst;a, bcﬂs;ﬂetbllya@aa;bﬂmtaréa ai grthinketeer of ab@ssS nimaor gleatt. Whie the

m cromet etlilisck:?e{ss of & tni orm c:oatt:'&it ur(%ac]é mnelyC\;a?yna‘?cross e surface, there are no areas of
the uniformly coated surfaces through which the underlying layer (either intermediate
Jayer 30 or base material 10) is exposed. Cell responses across non-uniform surfaces tend

to be more variable than cell responses across uniform surfaces.



[ 0031] The polynmer material fining synthetic polynmer |ayer 20 may be
cross-linked to any suitable degree. Hi gher degrees of cross-1linking
may resul twonowedwged waste product and reduced cell t@gr@stp/0320032]
Article 100, in numerous enbodinments, is cell culture ware having a

vel jopz@ucynsts pex%{ek calatﬁlg ia)%r m;llntdy ne@é hnPi@tEble athlélin@ek HwBRAKE hasOr
ot her cont'ai ner "havin . Ref errgﬂ% now to 2, article 100

formed frisenbend thaitlie eapoaiiog&me fasén g@?@éﬁiéhanmb@e Menicepmmters, ygd|
50 inclu f
o synt het oy o s RS ar RSBy LT claling L Y b R chyelici™
si dewal | sexﬁ@d(mms i thluclsrmaf&lﬂ: cajamw@laymwﬂ is bmhah ghoufl(Gnictoronias.oFor
nor e i nter nmedi | ayer 30 0 etween, surface 15 or
o deval | 8mglia G EHEIERS M) Yrndios BEE PRG 20y PSR Ty ro eebb 2
[0033] | nmieadthddéts, 18%RRA 4980 Iﬁmlo@(ﬁxhét@l% BleskQBan AoLitiole SnidrokhBieksOdr/Tks¥ than
coated | ayer 20 haV|ng a surface 25 with an area greater than about 5
2. Wherborel hpégomsetesshe surface 15 is too small, reliable cel
responses may not be readily observabl e because sone cells, such as
U3?nbfﬁé0ﬁélﬁn§t AL i*o%mngrs?ntﬁ@cﬁsdﬁﬁyrﬁ&‘ ﬁ?ér% Ry Bk c?dsb@;h@écﬁtooén
ceI havi ng a di aneter” of about O. and adequate surface
is desi raﬂmt@blﬁ degers thehe*tdear@mmoseﬂmkmgmamr@atlrmtﬁd:beeudswa@fe rEerushings
to produc ive cell response. |In nunerous enbodi nents, an
article 1g$ﬁhggag&k%ﬁ& 50 having a uniformy coated surface 15, mhere
the surface 15 has an area greater than about 0.1 cnP, greater than
abol@#932). 3AxtieR, 108y matuererqusambadiventsOis 9elbpdturwarg heeingp wehamchlspapetri
lcn?. [00 2. ng . of 0 i C
pol ymer ':isyel’gl Tr‘rgﬁ) lpgats oﬂsS da@%&]&e‘fgﬁ? é{}%&g %}(%‘m{gl %g%t@?%xa%?}%%ﬁ e
via any ki@ ar afftmh‘el]l()ﬁ fdiewdlfﬂmedaqermmm 10 Risgfiacladd yne mhmrsymaﬂlhsol c

Gur /mg. tyBERaD e Gr T ot ¢ reies indelHitn B MC SR n Sirtcace

may be asgpghélcesting 20hnihe hasedatsarhal 159 BRkwalsS s\ ba as @vals@atabo Ry
non- coval ent interactions. Exanples of non-coval ent |nteract|ons t hat

may assocyidl estdo Elfat hens @ myst W@@Wﬁ%@%ﬂ@h b¢ figpaserblgtvegnesurface
i nclude c Qgﬁgl
|nterpenegﬁgkggkagsgﬁ#ggggﬁtcﬁMQ&ggﬁg%er wgg?gm?gégggﬁﬁhydrophobic

interactions, dipole-dipole interactions, mechanical interlockin
and08%hi Inaetiosembedinessts, atiglg 389 inchdosr wifpsmisigesied fryat 20 having apweface
material subsd Fn? Sg%ra 2 Bn 2 Pot 33hHY %ﬁfeg el 216a LOmE Q&‘rﬁ&ﬁ% A {Bg%m%
co- pendi ng appl fiEon serial no. , on even date herewt

nam ng Gekhae edl! mkponaﬁ maymmufo@r@dllhabaengbhtbtemeyommmﬁdet supiy a:bbuman

20726, d ti.tl ed EM CELL ,CULTURE ND, S i
ot oby | EBEROGPER S ae By IR ST R R R o BE iph &l | o
pur poses dfabblie0.exh@ntnd Badqubte sdFaR 18 Aesiebidf tol @isuei ditachniemt df seffioiRuy e

present ed here|n 0037] In numerous enbodi nents, nnnoner;gﬁ &
deposi t ed V&P e off %&% t%ﬁ’roé]u&"efi‘ rugnitatiyg gell rasprse I&ﬁ’(’:lmﬁfﬂ“? PR

situ. In a%%hclerib@@lw@%ﬁ 50"h€ﬁn§@$ﬁ1f3ﬁﬁl?rcb@dzd Wirkdce €, mefr@ﬂfeeqrfa& 15
herein as the "substrate"” on whic synthetic poJyner material is
deposi t echas mmmaai@ﬁh@rﬁbwﬂ lbenderf'eter thag gbeittidohcrph geraten fhap Abay 010
phase. [0 gznononers identified in Table 1 above are
Vi scous, Q?Béﬁéaggqg¥élra e to dilute the nononers in a suitable
solvent to reduce viscosity prior to being dispensed on the surface.
Red@34)g /i scdatiyg afbSyndiclioRolymer Lévienner and nore uni form | ayers of
the synthetic polyner material to be formed. One of skill in the art

apl W‘h t PSS a}t)il:% id\gn
SO| @Iﬁﬁ 1‘? ntB&lC eér\>lll\llEl In'?aﬁ beadl erl ZI{H ?)Lrﬁ‘%lc%gfltg ﬁee CEf F{{ culture Y
article anﬂvmrm flml['ﬁ)dmdek)ped proaesy. li’eefdaeblm ﬁblsentﬂlgtusmlmer layargmovidss a
that is nlg’quot O)ﬁ!at}(f:ertt%att Qgescr?oltldseiamma € d%lrjm L{}l}}%gal ao% uhtuEe gé?n 1onst The

synthetic polymer surface may be associated with the base material substrate via covalent



The vacuum plasma treatnments nmay be perfornmed in the presence of

reacti ve gases, such as oxygen, nitrogen, ammonia or nitric oxide.
[00431 To Worembmisynt hetic pol yner surface, one or nmBEHURINGIRSIS
presented in Table 1 above are polynerized. If one nononmer is used,

the pol yngr ndM-ddvalbs: infRfi6Rd E:QnplsdHONRBeIsHIBte@dtidnd ShafiBg r@é’ocmtef
two or nore different nononers are used, the polynmer wll be referred

to as a cHpovyheic pilymereunperoyih ghe Sphérﬁﬁ‘bm@h@? shapiptl sdeupiingy hpdrogen
monof unct b 4l grfscu%{e AataioR! iodlcIBSHaTe Neh | o A aai Ml #941BERIBRY ©
monomers are 4se he ra nDno rs may be varied.

vari ous eimmpogtitioent dipolewiipale Notemcorsr enechadca nthtdrloekingt and QWMMmﬁmme
of the fifrst Pnnoner to the second nononer ranges from between about
5:95 to abfPt95:5. For exanple, the ratio of the first nonomer to

t he second nononer ranges from between about 10:90 to about 90: 10,
abo[#03&0: BOviruabmbbdiB@ntd Othe foagninatbtalt suBOtatDsurfaca otttated CicSding o Sloare
enbodi nents, . the ratio of the first nononmer to tgﬁacfecond m)nomerhr S
about 50: $achings.of go-pgdingppy ath‘f‘ sehial PO be—underst Phafen dgg herewit

mol ecul ar nWghg tfehfibn €NE. ROINVERErs BN il¥eat@oHy bk ul¥eVAI72E Nhdtdigtled
concentration of nononers or the ratios of difunctional or

hi gher - f UREEMOBELL 3 HoES ARTIERE fgfld AEIRIBRHEN Gaoyrhénhels derebp dicaroeied
. ! ' ! SET
Crerease TSR haeickins} TELL By Bor I BABESCE 46 e QA ufPRONEY forobdlc

addi tion WﬁhtMehmﬁmmreseﬁtémheréinr m t he pol ynmer |ayer, a conposition
form ng the layer may include one or nore additional conpounds such

ants, wett ent s (o)
cat 050 o st B Buaty Bl b el sl el bR
pol yrer i zatd pﬂymlmlieﬂahcsﬂtunﬂyi doeh ennbbm;mdts thaebaeef nsiferihl wilh be hefeaed to
wll readj

| e, t,0 sel ect uitabl e initiator radi.
initiat orheiﬁ%/m 2t 489 oRYUSITHA t‘inat"%‘r’ ch F‘é‘ﬁb%mf BPUTRER’ IW? " 1tlﬁed ﬁﬁ“ter s
l'isted 'nPJi?x'%ﬁzahonhﬁy‘%@ﬁbWﬁs@lﬂﬁ&ﬂ;bh‘é@@érinbhﬂﬂhh@ht is used to
generate free radical nononers to initiate chai n pol yneri zati on.

[00461 Any suitable initiat d Exa | es af ation
i O038lor &5 Fifey Qe SFaReE GR] Hobeblad GbRBBOURLS TRR b AGase

i troso cuMpOdRencdfeyd intAdultaRs soretd 'f@-?e@@&svmcﬁﬁfﬁ%ﬁ@o BEIAPAl4P&ISed on
pyryl i um conpounds, 1 nidazoles, chlorotriazines enzoi h, benzoin

al kyl et hthe surfatek cRestreing Visseririaay allyw fndhipneisandrapis smifors Svetsed thy
t abl
sui tabl e FQEEE%%M&’:&Y%{ &Pﬂaeefo HEd " BYd k%n%ﬁftﬂe ﬂ%ﬁﬂrs B{%&'&ﬁ%ﬁ@&

i ght-activ otoinrtrators avetra enanes suc f _
| RGACURE geﬂm;; arsﬁa@@mmg?rermemw is DARECUR #RIB heanaleiDAROTRS

1173 co rc from G Speci;al t .
Tarryt ovn\T/nTE1 M\ Culg”ﬁ EJIf‘, ﬁf&f%c’gﬁﬁf ﬁﬁﬁfﬁﬁﬁdﬁsﬁ ‘Egg%e?ﬁgrg‘é‘?’g?rf’"yr that is
avai | abl endi-eaicBAIe (DRas IbetctkuredNakd ﬁha{ emza]or Anteﬁfb@et itk nisd pormemmiyn
al so be included in a s i tabl e ‘Bm tr resent at

te
phot osensieef ey sAH%m@tW@ erh'i/la ?%ﬁ% eerront (3 F r?;ﬂé t 780 §F ol an&rﬂy

m xtures theseefy. reﬁh%@&%&b%@e% Sashk Bt & 1S ABRVNY o OLAGer| ifeHEIE
benzophenone, acetop enone, benzil, benzal dehyde,

o- chl or obeﬁhapbrmya@onmtbmﬁembieh ilp guchcHewBstanpes, df g berdesigabiohal thand
ot her ar ogRfd. ¢ K818 Femd O Q1R - hSLoRdiARNS, B BVabRiY oPEIRAER heat.

i ncl ude
met hyl di eVhhtitel satvients aeteryigice o hanlptcadiyvemorabdt srdveotsam ne, phenyl net hyl
- et hanol am ne, and di nmet hyl am noet hyl benzoate. Commrercially

QIR RSP ke LR EE R, P S i e

gener al, hdéreinaimolude e@lianphohm@’aselt iazety]l acctpibiodiaiettiytivatarids BMIH raa@/
vary from abou 0. 004 | es of cationic
i nitiat or dimeH) %’gfgx al wgé}om %l”rbf)#] n §E)r(?ﬁm§'£)aarpﬂl%ﬁﬁ?oﬁwa

1¢



[ 0054] Stem cell-derived cardi onyocytes may be cultured on a

synt hetic polyner |ayer, as described above, according to any

sui t abl e pwot20@P741As used herein, "stemcell derived @erdisendyoytie”
means a cardi onyocyte obtained fromdifferentiation of a stemcell.
I'n some enbodi nent s, kA8l $1a§MBC 8| JafticAlafly BultiHP KRBt wht (PRt RBed R
pl uri pot ent stemcélls. In Some enbodinents the cells may be present
in an or gE@moye selyews pdorge palyBghzaien. | n numerous enbodi ments, the stem
cells are enbryonic stemcells, such as human enbryonic stemcells.

[ 00fpBhojECoRUSEndMTRRaF BDENAE! itk G088 by LIRS) oABYS 1) BRI dekipde0
gr own contlnua l'y 1nculture in an undifferentiated state, hES
cel | s forvigesity rand hingndnmey eeemicentrafieny  beéenstllyi thedlnﬂn%mramrmmalbns Sk

cell line, nan._e tem L.nes .t a een
establ i sh%"&"”dﬁnc%lp ud% q%“FméS & ot 4y “"Pef‘f o, gﬁ e“’wb"”ié/h ?ﬁi@g"“ﬁﬁ?
(avai | abl pohsradn \NyGehy ofaiaahld, ﬂhedor’fmynet hﬁylﬂﬂldv]efeé iviith «af etM¥neT enisdnnjo

( Thonpson 1998) Sci ence 282:1145 ), @BGN— 01, QJ;SBGN- 02, hESBGN- 03
( Br esaGenProViJE 2 compeiting hapmg bejyeen gboufyB and apgei 5470 menemer, qugigmeabout
HES- 6 (1 o kab&er!10%d AbRIRGHyORAIme. | The moRIrMGSRAY DY ,duht%Ewauh Jdﬁl%nﬁso
(fromUniversity of California at San_ Francisco),; 3, 3.3,

| 4, 1 6,thpt ghegpolymg, layer32(p achiesies viedesied ﬁm‘éﬂw&%hrﬁ‘a‘ﬁsqug%eéeqbovqagf itheut e

o ToC N gl L iSO VR B RORCRY b

NEJM 350( fuBtherl 88856 120 Bkpmprsdndri-melodGT: st&ﬂic:(sKmalsram Iohgeaveét whtn ‘{he

o R S R e SR L FHEF D A ek

ti ssEe bngfeatelatHay abbitss |n§\(;\1lﬁﬁf¢% pai s:ﬂlgarfa rdﬁﬂt@ﬁetemoﬁlﬂie(rjsmrfa&r gs ljl Iaadgg@gs
at the ast OcySt st age, I CNh wWou Qt herw he .di scarde
Car di orryo“d’g}‘?%%m %&Wﬂ@@%‘s?lﬁém CHK*/’IE?:%“F%’H a Paf’rl% °Bé sHf F@Pe‘rséﬁﬁ ‘%P?Ld

from i ndugeg PidiIiRE S ol 7 ﬂ%&n&s o 5 ﬁar Fs’é)ar@@én ifhetek B’ﬁhs @Lllﬂfa%e nef esr tO
cells, obtained froma juvenile or adult mammal such as a human,

that are genwls gw menomsiiselven comgeltlonwwb&rd@p@@ﬁql on aviacedifeol arwalor e
appropri v 5t h
phenot ype o R IRhS of SHER SHBoIGEY:, Richer SGREATRER: LPIRHME 1508 o
traits at atmnnbmldwhttﬂsesEssmmsqxgareamﬁnheteed)ﬂthe sunfabeit’® nor phol ogy
resenbling stemcells isolated froma bl astocyst as well as surface

antj ex| e e r Y
0 ), SHPLFLEN e IR0 SRR AR ESLETERR81REL Y B 1
typi cal | yml’eamedmtla deayab that isyass@iatisdf vaeln dnrtliast maieribloviatovtabas br Dmcmleh’e

type fromeach of the germ e t.oder 0

oboder m R AR S AR Ve o oK S IEREeBeg BYer ol shovn

car di ony OgYduel embBmeRS ®eldiGmeliatedaftESilt 8k herra Bhefed 18 the I“é\tb@t!ﬁﬂi@’
when injected into i muno-deficient mce, e.g., SCID mce. (Takahashi

et al., (ZOOVpickdhysynteisyolyper susfaceds deposited( 2007) Sci ence318: 5858) .
[0057] [0058] Stemcell derived cardionyocytes may be obtained by any

sui qo@bi e ma%Q§em%%¥ thORREADIMNHE BER hRb:S ;s SRS CrHeR@ftadeMmay be

Lafl amre et al "Card |orryoctyt es derived from human enbryonic stem
cel | s i n eatedstarimpieap bindieorfshemmaicse ppivmer aifagn tothe bagerapteaa) spefacs,

Nat ure Bi Btfg&{}feﬂgel rﬁ&%ﬂne@% %%?on s ﬁag‘{gﬁgl)surf%e' &f ¥ hfl%s é)f gourse, tl(lje

undi fferentr a uman e Ic stemc such as t erive
fromthe I’Baseraiaerih{?mhwhaatnemdﬁoyennlar mt:rms:with rdgamdp amaferbedsisdded bn

MATRI GEL- coat ed pl ates, a I t ut 100, 000 |1 s/ ¢

refed dai Y3'OWF teﬁgﬂ‘égleﬂ@ %heg?%%f srré %n%{a i?tf‘%)oh\)’éﬁ}fuﬂ’ f’g’g ere&%% High
repl acenmeqiifacd erﬁﬂ%)ﬂ-obtglhb]ﬁlalftdﬁe such%rdNimidhts Rajl facilit2ie Meorplies shiakdiis aﬁd 80
ng/m and TGEb 1 at 0.5 ng/m_) To induce diffe[lentl t|on rovvt

modi & may BEREBH e ENFINFRARC By FRSE GRATEYAN dBe0T FHpYed molde
I nvi trogep)iRRRBRE Shsih iRk a@RAK anki084i0 Hdtheddy NRABIILE RSIRE RAiments.
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[ 0065] 1. Coating Preparation [0066] Acrylic coating surfaces were
prepared from hononononers or copol yners of various acryl ate and
nmet hacr yl ave 2emigirer s. For copol yners two di fferent acPgl/&EszigEs241l
nmet hacryl ate nononmers were used. Briefly, the nonomers were m xed
Wi th 1% whpyy \Qafcmﬁﬂ(ﬂfa%ﬁl 'ﬁ%étﬁiteﬁ’t% ﬂa&%%@ff&w&é% tHel REseRREFIBHchiVe gases, such
Chemi scals, Inc.) and used along or blended wi'th other nononer

f or mul at msmx(vmmﬁegewmmon%omwmx@mot oinitiator) according to
volune ratio of 70:30. Then forrulation was placed in a well of a
vac 0 I r jqdl

Cor 8P o IETERGED B RChFHD MR HOR mlels pROGUIEITAY, 1
pl at e masalmw¢ ewepblymerizay. ﬂbomezxmnmah&ryis fubealy tiegpolB@ermivill Heorefarted to as a

Ul sed ( T80 BT PR REn A R 00} v AP O B e BB
(Wi th fuselll 5d telf@rdwb @Q@W))polﬁnbr bme phabasrsWehe nheftls icaptbyby ny- &5
kGy Ganma radiation prior to cell lture, [0067] 2.Cell preparation
and assafﬁ‘OTQf@@@anﬁrﬁ? igpctional, g bégbﬁéfg%“ﬁ%?ﬂak &g Ee[MOE [Rep@ners are
mai nt ai ne&eﬂ r{hé ﬂﬁo %@%efrﬁﬁ{oﬁﬂ:ﬁ RhEek %rﬁﬁe I@%r%?%%m@ﬁ@tt% nRRkRS 1 N
SR nmedi um ( ) KO- ser um repl acenent, 1 mM L-glutam ne, 0.1
mM O- mer c@ptu@@t amalrtbt ratll)?/dmdnhlms@éh@ fizst momprIer @cﬁh@wecoa NGORRET TANBFGE
and 0.5 C c

asing di r el g PR Ak B3 G ABhIRG: b RRYR SR e ARERIALAG 1o,
cells wertke Isaromésmcmdmbyra&@é‘s fdbmﬂbeﬂxzﬂeha@aﬂa@e&’ﬂ ¢ abodt $e&ledoan0:80 to

rodi um  CEPRST L GO0 o oa dil i PR TPy et U Bk g

Car di ac d;hf)ﬁd?ﬁe@@é t@tsh@umamohmw Abeds 0930, Be7D a6 1SRt MRt bel thdktdidbd
RPM - B27 nmedi um _suppl enented with 100 ng/ m human reconbi nant

acti vi n Ahpighe mplegulay weightpfdhgppolymenigasbe mﬁa%edrlz:afc‘&w&ﬁﬁtwm@maff% 4
days. cfh éﬁ oM sor CRlel SathR" &f d&hRRIGH DY Aﬁ%ﬂ& iR tib AdRdthers to
re-suspended 1n RPM -B27 nediumw o grow h fac and seeded at the
densi ty onpnagfmnadiome! @einbsnbrsrr@cmasad mmtrﬁtgan@@i MO%DF\/@1ghetpﬁlla@t@§ai
coated w 5 h dif r or MATRI GEL as
positive et nrl%% w{lﬁgﬁrlegsque &ég[ge ?g{og%ll%?ﬁgnot%éﬁ% 3 weeks with the
sanme nedi um exchange every 2- 3 days. The wells were mnicroscopically
ex ajtd4dd, Incdditiop ntha neocsels dlzet i&ngl the polyineylaysa sesaositien forjndaaby lager
the end of thedfferentlatl tocol S e h 49

bar af or P BLHGAHLE] S obeR Rl CSaRomas Sty ph St Sttt
mar ker s, ploxoinifat@engthamad idiftdtors, cﬁﬂz@stspmt/ﬁbst aa‘ldrmﬁtsu\mkﬂng agents

4' -6-Di am d| no- 2- phenylindole (DAPI) to staln the nucl eus. After

g te wth Arra can thef
analasla A bR Sy¥btrebt BEwSE Rey ey dNDte 3 30N ke oy
cell's basegsdiBbd R top@Rict b ¥eitabR] ihitiatoreg. a raawaihlﬁiﬁatoebﬁh citivmeiitiaforCM
based on ka2 5-positive cell nunber

3. Resul t sSYBy fgrjuse itk th%@ﬁaom%llst%}ry%@lg Fra?ﬁr ngw? F%lgc%;ly%ﬁeé\g g@}%d

surfaces 1§ldEg?iOLBtg%rét@ﬁe&l%hicaﬂﬁ%ﬁr%'uluﬁat%heﬁ'ﬁ BoIDinBa0NE key
characteristics and functions. Exanples of the coating surfaces which

sup&grted growh of differentiated human enbryonic cardi or’%oc ytes.in
chel@P#d! | fnpasitehlednifesen may by esed 5%9@@1?%%813!1@@&“%@?@0%8% V5] QggAgic

ratio of SERGEE é&(})cofn 0 Qoﬂﬁlﬁoﬁe%% nitﬁ) oun-ﬁge%@ylsl‘rbﬁﬁ:l@sceiﬁrdﬂﬁf)&s

character gi ve grade ase on ual i tative assessnents of
t he nor phmkmogyto otom}twné;el pwyhwd cirepoundglhésidarelaso ¢hherosiarinese ebenzoin,

Fol | owi ngrrEnph g, e BT PRARER, BF RS, (AP FRAANEOD: i)

)él el d, d@(g\ﬂq@{zﬁér&ﬁﬂjle aOillabﬁgﬁllmloaét%aﬁvatﬁ) argl wisibéer light- atcn\(/jd\m p]ilcgmhl_tlatorsd
t
ermbr yon S oEpeasREn aEchues o gbACPREA S ke IFRRRREn H4n RO Hep

IRGACURE 819, DAROCUR 4265 and DAROCUR 1173 commercially available from
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95-1 Tetra(ethylene glycol) diacrylate 100% 95-2 d ycerol

di met hacryl at e100% 90-2 Tri et hyl ene glycol dinethacrylate 100% 90-4
1, 4- But anaedoabosspmret hacryl ate 100% 95-3 Pol y( et hyl enePgFAi829p9/032411
diacrylate 100% 122-1 Tetra(ethyl ene glycol) diacrylate 70% d ycer ol

di met hacrgihatspedY Chemicals, Tarrytown, N.Y. and LUCIRIN TPO and LUCIRIN TPO-L
commercially available from BASF (Charlotte, N.C.)

[0047}) A photosensitizer may also be included in a suitable initiator system. Representative
photosensitizers have carbonyl groups or tertiary amino groups or mixtures thereof.
Photosensitizers having a carbonyl groups include benzophenone, acetophenone, benzil,

benzaldehyde, o-chlorobenzaldehyde, xanthone, thioxanthone, 9,10-anthraquinone, and

other aromatic ketones. Photosensitizers having tertiary amines include
methyldiethanolamine, ethyldiethanolamine, triethanolamine, phenylmethyl-
ethanolamine, and  dimethylaminoethylbenzoate. Commercially  available

photosensitizers include QUANTICURE ITX, QUANTICURE QTX, QUANTICURE
PTX, QUANTICURE EPD from Biddle Sawyer Corp.

[0048] In general, the amount of photosensitizer or photoinitiator system may vary from about

0.01 to 10% by weight.

[0049] Examples of cationic initiators include salts of onium cations, such as arylsulfonium salts,

as well as organometallic salts such as ion arene systems.

[0050] In various embodiments where the monomers are diluted in solvent before being
deposited on the substrate surface, the solvent is removed prior to polymerizing. The
solvent may be removed by any suitable mechanism or process. As described in
copending application serial no. , it has been found that removal of
substantially all of the solvent prior to curing, allows for better control of curing kinetics
and the amount of monomer converted. When conversion rates of the monomers are

increased, waste generation and cytotoxicity are reduced.

[0051] Whether polymerized in bulk phase (substantially solvent free) or solvent phase, the
monomers are polymerized via an appropriate initiation mechanism. Many of such
mechanisms are well known in the art. For example, temperature may be increased to
activate a thermal initiator, photoinitiators may be activated by exposure to appropriate
wavelength of light, or the like. According to numerous embodiments, the monomer or
monomer mixture is cured using UV light. The curing preferably occurs under inert gas
protection, such as nitrogen protection, to prevent oxygen inhibition. Suitable UV light
combined with gas protection may increase polymer conversion, insure coating integrity

and reduce cytotoxicity.
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di met hacr yeratve ip@dties such as unreacted monomers or low molecular weight polymer species.
In various embodiments, the layer is washed with an ethanol solvent, e.g. greater than
about 70% ethanol, greater than about 90% ethanol, greater than about 95% ethanol or
greater than about 99% ethanol. Washing with an ethanol solvent may not only serve to
remove impurities, which may be cyfotoxic, but also can serve to sterilize the surface

prior to incubation with cells.
[0053] 3. Incubating cells on synthetic polymer layer

[0054] Stem cell-derived cardiomyocytes may be cultured on a synthetic polymer layer, as
described above, according to any suitable protocol. As used herein, “stem cell derived
cardiomyocyte” means a cardiomyocyte obtained from differentiation of a stem cell. In
some embodiments, the stem cells are multipotent, totipotent, or pluripotent stem cells.
In some embodiments the cells may be present in an organ or tissue of a subject. In
numerous embodiments, the stem cells are embryonic stem cells, such as human

embryonic stem cells.

[0055] Because human embryonic stem cells (hES) have the ability to grown continually in
culture in an undifferentiated state, the hES cells for use in this invention may be obtained
from an established cell line. Examples of human embryonic stem cell lines that have
been established include, but are not limited to, H1, H7, H9, H13 or H14 (available from
WiCell established by the University of Wisconsin) (Thompson (1998) Science 282:1145
); hESBGN-01, hESBGN-02, hESBGN-03 (BresaGen, Inc., Athens, GA); HES-1, HES-2,
HES-3, HES-4, HES-5, HES-6 (from ES Cell International, Inc., Singapore); HSF-1,
HSF-6 {from University of California at San Francisco); 13,13.2,13.3,14,16,16.2,13,
J 3.2 (derived at the Technion-Israel Institute of Technology, Haifa, Isracl); UCSF-1 and
UCSEF-2 (Genbacev et al., Fertil. Steril. 83(5):1517-29, 2005); lines HUES 1-17 (Cowan
et al., NEJM 350(13):1353-56, 2004); and line ACT-14 (Klimanskaya et al., Lancet,
365(9471):1636-41, 2005). Embryonic stem cells used in the invention may also be
obtained directly from primary embryonic tissue. Typically this is done using frozen in

vitro fertilized eggs at the blastocyst stage, which would otherwise be discarded.

[6056] Cardiomyocytes according to the invention may also be differentiated from induced

primate pluripotent stem (iPS) cells. iPS cells refer to cells, obtained from a juvenile or
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[0058]

[0059]

of a pluripotent stem cell such as an hES cell. Phenotypic traifs attained by these
reprogrammed cells include morphology resembling stem cells isolated from a blastocyst
as well as surface antigen expression, gene expression and telomerase activity resembling
blastocyst derived embryonic stem cells. The iPS cells typically have the ability to
differentiate into at least one cell type from each of the primary germ layers: ectoderm,
endoderm and mesoderm and thus are suitable for differentiation into cardiomyocytes.
The iPS cells, like hES cells, also form teratomas when injected into immuno-deficient
mice, e.g., SCID mice. (Takahashi et al., (2007) Cell 131(5):861; Yu et al,, (2007)
Science318:5858).

[0057}

Stem cell derived cardiomyocytes may be obtained by any suitable methods. One way to
obtain such cells is described in Laflamme et al., “Cardiomyocytes derived from human
embryonic stem cells in pro-survival factors enhance function of infracted rats, Nature
Biorechnology, 25: 1015 - 1024 (2007). Briefly, undifferentiated human embryonic stem
cells, such as those derived from the female H7 human embryonic stem cell line, may be
seeded on MATRIGEL-coated plates at a density of about 100,000 cells/em? and refed
daily with hES cell growth medium (KO DMEM + 20% Serum replacement, 1 mM I-
glutamine, 1% NEAA, 0.1 mM 2-ME plus hbFGF at 80 ng/ml and TGFb! at 0.5 ng/ml )
To induce differentiation, growth media may be replaced with RPMI-B27 medium
(available from Invitrogen) supplemented with about 100 ng/ml human recombinant
activin A (available from R&D Systems) for about 24 hours, followed by 10 ng/ml
human recombinant BMP4 (available from R&D Systems) for four days. Of course, any
other suitable method may be employed (see, e.g., US Patent No. 7,425,4438).

Prior to seeding cells, the cells may be harvested and suspended in a suitable medium,
such as a growth medium in which the cells are to be cultured once seeded onto the
surface. For example, the cells may be suspended in and cultured in serum-containing
medium, a conditioned medium, or a chemically-defined medium. As used herein,
“chemically-defined medium” means cell culture media that contains no components of
unknown composition. Chemically defined media may, in various embodiments, contain

no proteins, hydrosylates, or peptides of unknown origin. In some embodiments,
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pol yner sesdndtesmt growth hormones. Because all components of chemically-defined media
have a known chemical structure and composition, variability in culture conditions can be
reduced and thus cell response may be more reproducible. In addition, the possibility of
contarnination is reduced. Further, the ability to scale up is made easier due, at least in
part, to the factors discussed above. Chemically defined cell culture media are
commercially available from Invitrogen (Invitrogen Corporation, 1600 Faraday Avenue,
PO Box 6482, Carlsbad, California 92008) as StemPro? a fully defined, serum- and
feeder-free medium (SFM) specially formulated for the growth and expansion of human

embryonic stem cells (hESCs) and StemCell Technologies, Inc as mTeSR™]

maintenance media for human embryonic stem cells.

[0060] The cells may be seeded at any suitable concentration. Typically, the cells are seeded at
about 10,000 cells/em? of substrate to about 500,000 cells/em®. For example, cells may
be seeded at about 50,000 cells/cm?® of substrate to about 150,000 cells/em®. However,
higher and lower concentrations may readily be used. The incubation time and
conditions, such as temperature CO; and Oy levels, growth medium, and the like, will
depend on the nature of the cells being cultured and can be readily modified. The amount
of time that the cells are incubated on the surface may vary depending on the cell

response being studied or the cell response desired.

[0061] Any suitable method may be used, if desired, to confirm that the stem cell derived
cardiomyocytes are indeed cardiomyocytes or that the stem cells employed have
successfully differentiated into cardiomyocytes. For example, the presence of certain
cardiomyocyte-selective markers may be investigated. Such markers include Nkx2.5 and
a-actinin, cardiac troponin I. Antibodies to such markers may be used in standard
immunocytochemical or flow cytometry techniques. In addition or alternatively, cellular
morphology or functionality, by observing beating cardiomyocytes in culture or by
performing various electrophysiological analyses to determine whether the cells have

characteristics of cardiomyocytes.

[0062] The cultured stem cell derived cardiomyocytes may be used for any suitable purpose,
including investigational studies in culture, in animals, for developing therapeutic uses,
for drug discovery and toxicology or for therapeutic purposes. One potential therapeutic

or investigational purpose is repairing cardiac damage due to an infarct, e.g., as described
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in Laflamme et al., Nature Biotechnology, 25: 1015 - 1024 (2007). The cells may also be
used to create cDNA libraries according to known methods. The cDNA libraries may be
used to study gene expression in the differentiated cardiomyocytes. For example the
library obtained from the differentiated cardiomyocytes may be compared to a cDNA
library from the undifferentiated stem cells from which the cardiomyocytes were derived,
thus allowing for the identification and isolation of genes related to the differentiation and

development of cardiomyocytes.

[0063] In the following, non-limiting examples are presented, which describe various

embodiments of the articles and methods discussed above.

EXAMPLES

[0064] EXAMPLE 1. Identification of Acrylic Coating Surfaces Suitable for Culturing Stem
Cell Derived Cardiomyocytes in a Chemically Defined Medium

[0065] 1. Coating Preparation

[0066] Acrylic coating surfaces were prepared from homomonomers or copolymers of various
acrylate and methacrylate monomers. For copolymers two different acrylate or
methacrylate monomers were used. Briefly, the monomers were mixed with 1% w/w of
photoinitiator Irgacure 819 (Ciba Specialty Chemiscals, Inc.} and used along or blended
with other monomer formulation (monomer with 1% w/w of photoinitiator) according to
volume ratio of 70:30. Then formulation was placed in a well of a vacuum plasma treated
cyclic olefin copolymer plate (provided by Corning Life Science Development group) at a
volume of 2.5 ul. The plate was allowed to lay horizontally flat for 30 min for the
formulation to spread out. The coatings were cured with 13mW/cm?® pulsed (100 Hz) UV
light (Xenon RC-700) for 1 min in N, purged box (with fused silica window). All the

plates were sterilized by 25-35 kGy Gamma radiation prior to cell culture.
[0667] 2. Cell preparation and assays

[0068] Prior to the experiments, H7 hES cells were maintained in the undifferentiated state on
MATRIGEL-coated plates in SR medium (KO-DMEM, 20 % KO-serum replacement, 1

mM L-glutamine, 0.1 mM B-mercaptoethanol, 1% non- essential amino acids, 80 ng/ml
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95-3 Cy 3788 24 909. 12
WO 2009/097411 PCT/US2009/032411
hbFGF and 0.5 ng/ml TGFb1). hESC-derived cardiomyocytes were generated using direct
differentiation protocol. Briefly, undifferentiated H7 cells were harvested by 200 U/ml
collagenase IV and seeded on MATRIGEL-coated plates at the density of 100,000
cells‘em” in SR medium. Cells were cultured for 6 days with daily medium exchange.
Cardiac differentiation was initiated by replacing SR medium with RPMI-B27 medium,
supplemented with 100 ng/ml human recombinant activin A for 24 h, followed by 10
ng/ml human recombinant BMP4 for 4 days. At this point, cells were detached by
Accutase treatment, re-suspended in RPMI-B27 medium w/o growth factors, and seeded
at the density 0f100,000 cells/cm* onto Corning CB/TOPAS 96-well plates coated with
different binary mixtures of acrylates or MATRIGEL as positive control. Cells were
cultured for another 2-3 weeks with the same medium exchange every 2-3 days. The

wells were microscopically examined, and spontaneous beating activity was recorded.

[0069] At the end of the differentiation protocol, cells were fixed with 4% paraformaldehyde
immunostained for cardiomyocyte (CM) specific markers, Nkx2.5 and o-actinin, and
counterstained with 4'-6-Diamidino-2-phenylindole (DAPI) to stain the nucleus. After
scanning each plate with ArrayScan, the following quantitative analyses were performed
for each surface: 1) TNC: total number of cells based on DAPI positive cell number, 2)
TNC: total number of CM, based on Nkx2.5-positive cell number, 3) CM vyield =
TNC/TNC.

[0070] 3. Results

[0071] It was found that only a small portion of the tested surfaces supported the cell growth
while maintaining some key characteristics and functions. Examples of the coating
surfaces which supported growth of differentiated human embryonic cardiomyocytes in
chemically defined medium are listed in Table 2, where the volume ratio of monomer (1)
to monomer (2) is 70:30. These surfaces were characterized and given a “grade” based
on qualitative assessments of the morphology of the cells and their adhesion to the
surfaces. Acrylate surface rating was performed based on consideration of the following
criteria: 1) total cell number, 2) total CM number, 3) CM yield, 4) presence of beating
areas, 5) similarity to Matrigel derived CM morphology. Notes on the qualities of the
differentiated embryonic myocytes that were observed are shown in Table 2, as well as
the grade that was assessed. For example, “Sim MA?” is a note that indicates that cells

growing on that surface were similar to cells growing on Matrigel™. “Sim TOP” is a
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Sim MA, beating 123-2 A
WO 2009/097411 PCT/US2009/032411

note that indicates that the cells growing on that surface were similar to cells growing on

plasma-treated cyclic olefin copolymer surface, sold as TOPAS® surface by TOPAS,

Florence, Kentucky. The notes also indicate that some of the surfaces supported

differentiated embryonic myocytes that began to beat in culture.

Table 2. Example compositions of acrylic polymers which support the culture of
hES cell derived cardiomyocytes in chemically defined medium.
Formuation | Monomer (1) Monomer (2)
ID
95-1 Tetra(ethylene glycol)
diacrylate 100%
95-2 Glycerol dimethacrylate100%
90-2 Triethylene glycol
dimethacrylate 100%
90-4 1,4-Butanediol
dimethacrylate 100%
95-3 Poly(ethylene glycol)
diacrylate 100%
122-1 Tetra(ethylene glycol) Glycerol dimethacrylate 30%
diacrylate 70%
122-3 Tetra(ethylene glycol) 1,4-Butanediol dimethacrylate
diacrylate 70% 30%
27-2 Tetra(ethylene glycol) Trimethylolpropane
diacrylate 70% triacrylate 30%
123-1 Glycerol dimethacrylate 70% | Tetra(ethylene glycol)
diacrylate 30%
123-2 Glycerol dimethacrylate 70% | Tri(ethylene glycol)
dimethacrylate 30%
123-3 Glycerol dimethacrylate70% | 1,4-Butanediol dimethacrylate
30%
123-4 Glycerol dimethacrylate 70% | Poly(ethylene glycol)
diacrylate 30%
123-6 Triethylene glycol Glycerol dimethacrylate 30%
dimethacrylate 70%
123-7 Triethylene glycol 1,4-Butanediol
dimethacrylate 70% dimethacrylate 30%
124-2 1,4-Butanediol dimethacrylate | Glycerol dimethacrylate 30%
70%
124-3 1,4-Butanediol dimethacrylate | Triethylene glycol
70% dimethacrylate 30%
124-5 Poly(ethylene glycol) Tetra(ethylene glycol)
diacrylate 70% diacrylate 30%
133-1 Di(ethylene glycol) Tetraethylene glycol
dimethacrylate 70% dimethacrylate 30%
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134-1 Tetraethylene glycol Di(ethylene glycol)
dimethacrylate 70% dimethacrylate 30%
140-1 Trimethylolpropane Neopentyl glycol ethoxylate
triacrylate 70% diacrylate 30%
TABLE3. Cell count, cell surface Marker, and functions of h7 differentiated

cardiomyocyted cultured on acrylate polymer surfaces.

ID Rating | Beating | Average | Average | Cardio yield Note
Cell % (based on
Count Nkx2.5 | count*Nkx2.5)
(per
well)
952 |A y 19970 7 1397.9 Sim MA
90-2 | C- 5420 14 758.8 Sim MA, peeled lumpy
90-4 | B- y 6907 24 1657.68 Sim TOP
953 | C y 3788 24 909.12
122-3 | B 6061 3 181.83 Sim as MA, not
beating
123-1 | B+ y 5250 5 262.5 Sim MA, beating
123-2 1 A 6327 7 442 .89 Good attachment, no
beating
123-3 | A 6223 8 497,84 Good attachment, no
beating
123-4 | B- 4954 4 198.16 Many attached, dying
123-7 | C 4246 15 636.9 peeled
124-2 | A y 3798 21 797.58 Sim TOP beating
124-3 | B ¥ 2267 8 497.84 Sim TOP beating
124-5 | C y 940 27 253.8 Beating but poor
attachment
140-1 | B- y 2886 33 952.38 Sim TOP
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123-7 C 4246 15 636.9 peeled 124-2 Ay 3798 21 797.58 Sim TOP
beating 124-3 B Y 2267

[0072]

[0073]

[0074]

WO 2000/097411 PCT/US2009/032411

For other tested homopolymers and copolymer combinations, very low or no
cardiomyocytes yield was observed at the end of the differentiation procedure, due to

either low total cell number or low Nkx2.5-positive cells present on those surfaces

FIG. 3 shows fluorescent images of differentiated cardiomyocytes cultured on surfaces of
formulation 95-2 (A), formulation 27-2 (B), and MATRIGEL (C). Cell morphology, Nkx
2.5 marker expression (green) and alpha-actinin marker expression (red) are similar to
MATRIGEL. In addition, the cells depicted in FIG. 3 exhibited beating prior to fixing
with paraformaldehyde.

Thus, embodiments of SYNTHETIC SURFACES FOR CULTURING STEM CELL
DERIVED CARDIOMYOCYTES are disclosed. One skilled in the art will appreciate
that the arrays, compositions, kits and methods described herein can be practiced with
embodiments other than those disclosed. The disclosed embodiments are presented for

purposes of illustration and not limitation.
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CLAIMS

What is claimed is:

1. A cell culture article for culturing stem cell-derived cardiomyocytes in a
chemically defined medium, comprising:
a substrate having a surface;

a polymer material disposed on the surface, wherein the polymer material

comprises

(i) a homopolymer formed from tetra(ethylene glycol) diacrylate,
glycerol dimethacrylate, triethylene glycol dimethacrylate, 1,4-
butanediol dimethacrylate, or poly(ethylene glycol) diacrylate, or

(ii)  acopolymer formed from

tetra(ethylene glycol) diacrylate and 1,4-butanediol dimethacrylate,
glycerol dimethacrylate and tetra(ethylene glycol) diacrylate,

glycerol dimethacrylate and tri(ethylene glycol} dimethacrylate,

glycerol dimethacrylate and 1,4-butanediol dimethacrylate,

glycerol dimethacrylate and poly(ethylene glycol) diacrylate,

triethylene glycol dimethacrylate and 1,4-butanedio! dimethacrylate,
poly(ethylene glycol) diacrylate and tetra(ethylene glycol) diacrylate,
di{ethylene glycol) dimethacrylate and tetraethylene glycol dimethacrylate,
tetra(ethylene glycol) diacrylate and trimethylolpropane triacrylate,
trimethylolpropane triacrylate and neopentyl glycol ethoxylate diacrylate,
di(ethylene glycol) dimethacrylate and tetra{ethylene glycol) diacrylate,
di(ethylene glycol) dimethacrylate and tri(ethylene glycol) dimethacrylate,
di(ethylene glycol) dimethacrylate and neopentyl glycol dimethacrylate,

tetra(ethylene glycol) dimethacrylate and tri{ethylene glycol)

dimethacrylate,

tetra(ethylene glycol) dimethacrylate and 1,4-butanediol dimethacrylate,
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[0072] For other tested honopol ynmers and copol yner conbi nations, very
| ow or no cardi onyocytes yield was observed at the end of the
differentiation procedure, due to either low total cell nunber or |ow
Nkx2.5-positive cells present on those surfaces [0073] FIG 3 shows
fluorescent images t&fa(&hﬁéﬁzﬁ&lﬁﬁﬁ@m&aﬂ%gﬁw@,@%@@egﬂél §tH6:8htON
surfaces of fornmulation 95-2 (A), fornulation 27-2 (B), and MATRI GEL
(C). Cell norphol ogy, Ndiagylt®s narker expression (green) and

al pha-actinin marker expression (red) are simlar to MATRIGEL. In
addi tion, the cell s.Gfbganedial pravoryl@e dincasaie widpoly (Bhgerqgypd) or to
fixing wth parafornal d@%ﬂ/’? [0074] Thus, enbodi nents of SYNTHETIC
SURFACES FOR CULTURI NG EI(@ELL DERI VED CARDI OWCQCYTES ar e

di scl osed. One skily j.n. i r i j S,
conmposi tions, kits 1&‘% Qﬁa{é%ﬁgﬁéoapgggicg [ a@%%é?@l tﬁ&ggﬁ%oéﬁﬁgg% Z{(:Jgt with
enbodi ments ot her than twos#atei scl osed. The di scl osed enbodi nents are
presented for purposes of illustration and not limtation. CLAI M
V\hiellt ids cl aidrred id_Sil,d-hé(aﬁ@iicbl_p@cLﬁokylﬁﬁ d?d’cf}iialﬁé aadt?meﬁgldiprgjm@ eyt

cell -derived cardi omyocytes in a chemcally defined medi um
conprising: a substrate(hgg’{%@‘eé&]ﬁgﬁg?‘wﬁ pol ymer material disposed
on the surface, wherein the polyner material conprises (eléﬁa

homopol ymer f or med s4-Brsapetiolprasiorylpissiacygfe and Lerhgrngdigh hoxylatzeer ol

di methacryl ate, triethylepgglycol dinmethacrylate, 1,4- butanediol

di et hacryl ate, or poly(ethylene glycol) diacrylate, or (ii)a

copol yner formed fr t ; 1 3

1, 4- but anedi ol di nen?ﬁ%ég%E%g{ﬁ%%@%@r%@%?h%#ﬁ%’g%?%?g&%g (1 EO/OH)
tetra(ethyl ene glycol) diethl gHaattybate.gt ycerol di met hacryl ate and
tri(ethylene glycol) dinethacrylate, glycerol dinethacrylate and

1, 4- but anedi ol di metebpentytlbrel diggrylaterand 1cfi-Imeceiealon] yihaxdatadiherylate.

pol y(ethyl ene glycol) diacrylate, triethylene glycol dinethacrylate
and 1, 4- but anedi ol di net hacryl ate, poly(ethylene glycol) diacrylate
and tetra(ethylene glycol) diacrylate, di(ethylene glycol)

di net hacr 9! at eTtenattidieof daitrhly véwreigthy polymdr meteha coyprses a homopolymer

tetra(ethyl ene.qgl I i acryl ate and.trimethyl ol propane t.r.i yl at e,
tri ot byl ol proan o e eSS b e e B ey B
d: acr lyl) ag e, di (I{@blyﬂeg_ﬂ?mgdrl] ﬁ-lsml()) dﬁt}eﬂiﬂelhsagilyydlﬁdiﬁle&ﬁdiylaﬁa’na(nebﬂ’e)ﬁ{ﬁne
gl yco iacryl ate,  di(ethylene glycol i met hac afe an
tri(ethyl ene geyedrimediaraiHadnsiteo! d_emitgﬁ%flﬁfs il é@@ﬁ@}e glycol
di met hacryl at eg;aReh SRR ALY L1y &rdiCRhetHidRER AR Y hduBimediol dimethacrylate,
(iv) tetra(ethylene glycol} diacrylate and trimethylolpropane triacrylate.

3. The article of claim 1, wherein the polymer material consists essentially of a
homopolymer formed from tetra(ethylene glycol} diacrylate or glycerol
dimethacrylate or a copolymer formed from (i) di{ethylene glycol) dimethacrylate
and neopentyl glycol dimethacrylate, (ii) glycerol dimethacrylate and tri(ethylene
glycol) dimethacrylate, (iii) glycerol dimethacrylate and 1,4-butanediol
dimethacrylate, (iv) tetra(ethylene glycol) diacrylate and trimethylolpropane

triacrylate.

4. The article of claim 1, wherein the polymer material disposed on the surface of the

article has a surface area greater than about Smm?.
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tetra(ethylene glycol) dinmethacrylate and tri(ethylene glycol)

di nret hacryl ate, tetra(ethylene glycol) dinethacrylate and

1, 4- but anedi ol dinethacrylate, tetra(ethylene glycol) dinethacrylate
and 1, 6- hexanedi ol ethoxyl ate diacrylate, 1,6-hexanedi ol propoxylate
di acryl ate and pol y(ethylene glycol) diacrylate, 1,6-hexanedi ol
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1, 6- hexangdi ol rg&;ﬁ%ﬁg @hﬁ 1%?.&%%%@&&@1@%&5 3B B4 plopEseBANe
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di acrylate or @ cerg e or 'a copolyner fornmed from (i)
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dlnethacrylate (tii) glycerol dinethacrylate and 1, 4-but anedi ol
di met hacryl at e, (iv) tetra(ethylene glycol) di acryl ate and

trimet hyl ol pr i rti.cle.of. claim1, wherein
t he polyngr e @%ﬁ%&éﬁgﬁgﬁ H?V@Wﬁ%s%yﬂgmegﬁﬁgglyner f or ned
fron1tetra(ethy|ene gl ycol) diacrylate or glycerol dimethacrylate or
a copol yner forned from (i) di(ethylene glycol) dinethacrylate and

neopentyl _glyc Cryl ycer ol and
tri(ethyl ’éne gf ‘;{Eﬂﬁh g"r@ﬂeﬁé I} ﬁﬁg aywedk VE@F’&I ur‘r%%’{%gfttﬁll ate
and 1, 4-but anes%ﬂ}atéﬂémﬁlbﬁ% YbBhR: m(ateﬁ)ﬂ i Eisﬁ@sé@tshﬂﬁﬁﬂﬁam' ycol )
dlacrylate and trlnethylolpropane triacrylate. 4. The article of
claiml, wherein the polyner material disposed on the surface of the
article has a surface area greater than about 5nmmR. 5. The article
of claimg, Wei&ifil BE1am, Wh@relr?th@ﬁz@i@lé(iﬁﬁzléaéd@roﬁ{ 06 @&t @basidhink U | Ng
one or nore nononers in a volatile organic solvent; dépositing the

di | ut ed monomes wulsinwelhilais st dish, ashpekercatube. aphallaie i cl e; evaporati ng
substantially all of the solvent; and polynerizing the nononmers to
formthe polyner |ayer attached to the surface. 6. The article of

claim6, yherejp t0e o PLighlchi aSfl et MHidnTy 0SB AR prising:

an article comprising a polymeric material disposed on a surface;

the stem cell-derived cardiomyocyte disposed on the polymer material; and
a culture medium in which the stem cell-derived cardiomyocyte is cultured,
wherein the polymer material comprises a

6] homopolymer formed from tetra(ethylene glycol) diacrylate,
glycerol dimethacrylate, triethylene glycol dimethacrylate, 1,4-
butanediol dimethacrylate, or poly(ethylene glycol) diacrylate, or

(i)  acopolymer formed from
tetra(ethylene glycol) diacrylate and 1,4-butanediol dimethacrylate,
glycerol dimethacrylate and tetra(ethylene glycol) diacrylate,

glycerol dimethacrylate and tri{ethylene glycol) dimethacrylate,

24



7. The article of claim1, further conprising a well, wherein the
surface of the substrate on which the polymer material is disposed is
in the well. 8. The article of claim1l, wherein the article is
selected fromthe group consisting of a multi-well plate, a petri

di sh, a beaker, a tdueesol atidicliAsknd 14-bhasddidl Uinfterydast em
cel |l -derived cardi onyocyte, conprising: an article conprising a

polynmeric material (sRPaREIRRyRtSM S RERn)IBS SIOM KR aderived
cardi onyocyte di sposed on the polyner nmaterial;” and a ‘culture nmedi um

[ whi oh the stem qellderiyedSATALOMOR e ba Gl ithucthies el 0 the

polymer material conprises’a ynmer forne rom
tri et hyl one ol yool Tver HaN D Rie e Bl e LRI REN B S e, or
ot ertyt one ety SRS B b RSB LARE LA

tetra(ethyl ene glyco I acryl ate,

o1 yeor ol ai met hacr yralaaR FPDR AR S PSRBT, .
gl ycerol dinethacr Xl.at

di met hacryl ate and %%F%{%FH%%%‘E%'g%gﬁt@ag%%do%fgeb@tlgg’t%l gl,re\ﬂl%o%%%%eh%‘%ﬁ%%’ol
L S S s
o B
roopec ) f e ot ey Ao St bl 3
gl ycol ) di met hacr I8t etﬁﬁﬁlet Y th‘fg‘F%%ﬂ@’ie?E@?r)(&hﬁﬁ%‘% ﬂ&%ﬂﬁ | at e,

di (ethyl ene glycol) di maihagdcwiate and neopentyl glycol
di ret hacryl ate, tetra(ethylene glycol) dinethacrylate and

tri(ethylene gl yC0'téﬁa§étﬁﬁ%ﬁ@g}§c}6!ﬁﬁﬁ¢ﬂl§& 16R@E8E hulregedibyERkhacrylate,
di met hacryl ate and 1, 4- but anedi ol di nethacryl ate, tetra(ethyl ene

gl ycol) di met hacr y|t@t?a?etﬁﬂ%#lﬁ:‘oﬂ%ﬁ@lﬁﬁﬁrﬂhteeahJi‘@BSM{e%&in asbyiat e,
1, 6- hexanedi ol propoxyl ate diacrylate and pol y(ethyl ene glycol)

di acryl ate, 1, 6-hexanedidstrytopoxyl ate di acryl ate and

tri met hyl ol propane benzoate diacrylate, 1,6-hexanedi ol propoxylate
di acryl ate and tri net-hsHantdivlppamesylateriineyylaie and polEethriepe ghedly|

di acrylate, 1, 6- hexanedidpgcry%gpoxyl ate diacrylate and 1, 6- hexanedi ol
et hoxyl ate diacry | ate, ’

1,6-hexanediol propoxylate diacrylate and trimethylolpropane benzoate

diacrylate,

1,6-hexanediol propoxylate diacrylate and trimethylolpropane ethoxylate

(1 EO/OH) methyl diacrylate,

1,6-hexanediol propoxylate diacrylate and 1,6-hexanediol ethoxylate

diacrylate,

neopentyl glycol diacrylate and trimethylolpropane ethoxylate (1 EO/OH)
methyl diacrylate, or

neopentyl glycol diacrylate and 1,6-hexanediol ethoxylate diacrylate.



neopentyl glycol diacrylate and trinethyl ol propane ethoxylate (1
EQ OH) nethyl diacrylate, or neopentyl glycol diacrylate and

1, 6- hexanedi ol ethoxylate diacrylate. 10. The culture of claim?9,
wherein the polymer material conprises a honmopol ymer formed from
t et r a( et hyd.enerigl dnage)of lads b yhiakén G pBlynee idterid dBipResy yoaiopo e
copol ymer fornmed from g&rz‘g di iqet hyl ene gl ycol ) di nmet hacryl ate and
neopentyl gl yclormes fie peaigtaphyaane glyeph) fiagrviaseeralycarokdimealaeiplale & and

and T, 4 but ancapon mhr SEL BRI RLRyichs bl HERRR oL ERDASHY] 21 ©
di acr y late ancelyud diidipt mim,@@)agtmée;m idixoatiydcatlase aidiivi(eTinde m;:glstca?e of
claim9, erei.n the (ner, mat.er | cQnsi s ssent.i.al 0
omopol ymer f G retiov B CEPerR R e RaRs abd T4 BB JenteRrgRscer o
di met hacryl at e(i@rnet(@ppaleirol)fddcrese bidmin(thy dpropineigngatgl ycol )
di met hacryl ate and neopentyl glycol dinethacrylate, (ii) glycerol
dimethacrylate and tri(ethylene glycol) dinethacrylate, (iii)
gl ycerol dinmethacrylate and 1, 4-but anedi ol di nethacrylate, (iv)
t et ra( et hy] enerig) dun@le)of lak by Widiéin @GolynieiRiabriaDédakioRaentdily €L Y| at e.
12. The culture of claim9, wherein culture nediumis a chemcally
def i ned medi unhomaolymiee fxmed pe tefralethdpmn gycohtbisceylaie onalyerem
cell-derived cgrdi ' UBL: &0 YO8 | dehivac
car di onyocyt e.(ﬁ%%%hgﬁy%e&{(ﬁgébﬁcgﬁngul t urdi ng §?%¥%@%I§{giﬁggrd?€eg ctftite
car di omyocyt e, andowppensil glycoldizpeibacrylaig, Gi) glyspehbinethagplafsrand irilgthyleee
he deposi ted LrBH BB yeD S SRpHRS raRE AL ol Ly o
medi um wher ei dimkthacrplatey (Y et iyliend glearpdiaa gate(@fa trimetyiolpyopete f or med
fromtetra(ethyl enia gl ycol) diacrylate, glycerol dinethacrylate,
triethyl ene gl'éé‘iﬂ’a met hacryl ate, 1,4- butanediol dinethacrylate, or
pol y(ethyl ene glycol) diacrylate, or (ii)a copolyner fornmed from
tetra(ethyl ene glycol) diacrylate and 1, 4-butanedi ol dinmethacryl ate,
gl ycerol #.nmet Raoouthmtod claimd 91 whareif eulyt ewdiugl iy e ohdmidilyadefihet medium.
gl ycerol dinethacrylate and tri(ethylene glycol) dinethacryl ate,
glycerol dinmethacrylate and 1, 4-butanediol dinethacrylate, glycerol
di met hanyiat e anduple)tf elahiy beWReraih Yiekom dipddrivk@tLdiotnfyb&ldig aenman
gl ycol di nmet hacr%at.e tand &@4 b%t aqrég)di ol ytgi met hacryl at e,
pol y( et hyl ene YGP§EHNG SIEMLEYFFAYE CAIPTRCYE( et hyl ene gl ycol)
di acryl ate, di(ethylene glycol) dinethacrylate and tetraethyl ene
gl ycol di et hagryl.at L, hyl ene al vcol ' y . and
trimethyl ol'pr o%‘anyneé dsfplé%:u?@flgé %%tﬁ rclgfrllgf:%ﬁ\é_c?? ﬁoﬁfggétér(’lﬁ%@rs i?} ate and
i ot haer yi at cRRGPER Fsp BRI B g Bt U a8 T LV Péne
gl {gglh) I gimraret Pacr?/l)@g}_en@trm;htérrai;l(aﬁf hyl ege gl ycolt ) I di Imst h?cr yl at e,

[ y gl yco i met hacryl ate and neopentyl glyco
di met hacryl at egulturing the deposited stem cell-derived cardiomyocyte in a cell culture medium,

wherein the polymer material comprises

(i) a homopolymer formed from tetra(ethylene glycol) diacrylate,
glycerol dimethacrylate, triethylene glycol dimethacrylate, 1,4-
butanediol dimethacrylate, or poly(ethylene glycol) diacrylate, or

(i)  acopolymer formed from
tetra{ethylene glycol) diacrylate and 1,4-butanediol dimethacrylate,

glycerol dimethacrylate and tetra(ethylene glycol) diacrylate,
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tetra(ethylene glycol) dinmethacrylate and tri(ethylene glycol)

di nret hacryl ate, tetra(ethylene glycol) dinethacrylate and

1, 4- but anedi ol di nethacrylate, tetra(ethyl ene glycol) dinethacrylate
and 1, 6- hexanedi ol ethoxyl ate diacrylate, 1,6-hexanedi ol propoxylate

di acryl ate and pol )glﬁiefb)?lﬂﬁﬂi%eﬁfﬂét@bﬂdtﬂ(eﬂﬁﬂéﬁb%lﬁol)&n@stﬁh%igﬁd‘l@d' ol
I a

propoxyl at e di acr yI ate and tri net hyl ol propane benzoate cryl ate,
1, 6- hexanedi ol Mol tigndilia61at¢ aldel caaﬂtaﬁédsdminliefma@}y@étepane
et hoxylate (1 EC)’ met hyl diacrylate, 1,6-hexanedi ol propoxylate

diacrylate and 1, 6-gpxanggieacBidomd @ qﬁetq#@icer%y@gedlacm&eentyl gl ycol

di acryl ate and tr| nmet hyl ol propane et hoxXyl a
di acryl ate, or neo
et hoxgl ate diacryl gﬁﬂﬁ%&%&&?&ﬁ%ﬁ%ﬁ@%ﬁ lﬁg?ur;] gohv\gerelqhﬁ)cdl turing
the d ted st
e deposited stem ?&étﬁﬁ@x{e' AL ABYAG Y eklgl&e%gcbgaﬁf{y&g&%ﬂ ed

rregl um conpri ﬁes c re’n | onyocyte n-a c
16. T
Coror s hoﬁoggrdﬁn%@ﬁ% FhEl P atet d(n A Ao
17. T
clo?rgwsgtsea copol yrreﬁg%%@ggleghf&)&%%}}%ﬁ% g?\nghdf y%rgi%ne&”"?’rnﬁlﬁélc?yl ate
d | gl 18., T
3ger2?ﬁffgzypo§yﬁ;ﬁng% o et ﬁ@gféﬁ%ﬁ}oxyéfr@a&rﬁ%t&m
Dol yeric mater al U @ﬁﬁlfc?%ézmﬂ%@%@? lx%}e g ot ﬁ%%ﬁ?b?}&’&w&me’
d h I d T
Tt hod of yfc?;?mZEf m@;a diREesthomy eanﬁ‘ére@%w%ﬁe Bl %w@;g?:ate,
I
i et hacryl at o 21 SEeNCERGD Srerely e iy i e SRR
Gracryrate ang f??ﬁ%&aﬁ%ﬁ%&@g&hﬁfr{f‘?f’%cfeﬁ%?"a%ﬁrﬁ%éﬁ A ou_of

claim 14, wherein the stemieehlatgeri ved cardi onmyocyte is a hunman
enbryoni c stem cel | -derived cardionyocyte.

tetra(ethylene glycol) dimethacrylate and 1,4-butanediol dimethacrylate,

tetra(ethylene glycol) dimethacrylate and 1,6-hexanediol ethoxylate
diacrylate,

1,6-hexanediol propoxylate diacrylate and poly(ethylene glycol)

diacrylate,

1,6-hexanediol propoxylate diacrylate and trimethylolpropane benzoate

diacrylate,

1,6-hexanediol propoxylate diacrylate and trimethylolpropane ethoxylate
(1 EO/OH) methyl diacrylate,

1,6-hexanediol propoxylate diacrylate and 1,6-hexanediol ethoxylate

diacrylate,

neopentyl glycol diacrylate and trimethylolpropane ethoxylate (1 EO/OH)

methyl diacrylate, or

neopentyl glycol diacrylate and 1,6-hexanediol ethoxylate diacrylate.
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15.

16.

17.

18.

19.

20.

21,

22.

The method of claim 14, wherein culturing the deposited stem cell-derived
cardiomyocyte in a cell culture medium comprises culturing the cardiomyocyte in

a chemically defined medium.

The method of claim 14, wherein polymer material comprises a homopolymer

formed from tetra(ethylene glycol) diacrylate.

The method of claim 14, wherein polymer material comprises a copolymer formed

from di(ethylene glycol) dimethacrylate and neopentyl glycol dimethacrylate,

The method of claim 14, wherein the polymeric material comprises a

homopolymer formed from glycerol dimethacrylate.

The method of claim 14, wherein the polymeric material comprises a copolymer

formed from glycerol dimethacrylate and tri(ethylene glycol) dimethacrylate.

The method of claim 14, wherein the polymeric material comprises a copolymer

formed from glycerol dimethacrylate and 1,4-butanediol dimethacrylate.

The method of claim 14, wherein the polymeric material comprises a copolymer

formed from tetra(ethylene glycol) diacrylate and trimethylolpropane triacrylate.

The method of claim 14, wherein the stem cell-derived cardiomyocyte is a human

embryonic stem cell-derived cardiomyocyte.
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