WO 2009/099555PCT/US2009/000597 SYNTHETIC SURFACES FOR CULTURING CELLS IN
CHEMICALLY DEFINED MEDIA RELATED APPLICATION(S) 100011 This Application claims the
benefit of U.S. Provisional Application Serial No. 61/062,890 filed January 30, 2008 and entitled
"Synthetic SHPRIEE TS Bulturing Undifferentiated Stem Cells in Chemicaltg staethmMattia” and U.S.
Provisional Application Serial No. 61/062,937 filed January 30, 2008 and entitled "Stem Cell Article
and Screening." FIELD [0002] The present disclosure relates to cell culture articles, and more
particularly to artislesToIsSIRpeUREF ers hor cfondiffeentatad sismncelinmpcchemically defined
medium. BACKGROUND [0003] PluripotentpatenrnNgal s/sonh 2s human embryonic stem cells (hESCs)
have the ability to differentiate into any of the three germ layers, giving rise to any adult cell type in the
human body. This unique property provides a potential for developing new treatments for a number of
serious cell degenerative diseases, such as diabetes, spinal chord injury, heart diseases and the like.
However there remain obstacles in the development of such hESC-based treatments. Such obstacles -

include obtainiﬁg@ggﬁﬁaﬁgqeg@ﬂgﬁ@te numbers of undifferentiated hFSCs in cell and tissue

culture and controlling their differentiation’in order to produce specific cell types. Stem Cell Cultures,
such as 'ESC cell cultures are typically seeded with a small number of cells from a cell bank or stock

and thE&08hplifies ifnpkcatientfeleimiatdd sterefiingl WO 2Bovisosss3melivusr0deicbi%e7
differentiation i figsired farR giventheraprestic aRplicRica. T accamRlishibisiihe-histkmer their

differentiated cell populations are currently cultured in the presence of surfaces or media containing
animal-derived” Biriated Stemas e der fayarealistapeBonte Merisn, BEMATRIGESIMA T hese
animal-derivedsagilitiong ©=the slliuse/esnronmeat Rxpase te palls adpetentiallydharmfidiviruses or
other infectiou%%%?nts ich could be transferred to patients or compromise general culture and
maintenance of the h %ﬁ?ﬁmg&dition, such biological products are vulnerable to batch variation,
immune response and limited shelf-life. [00041 While undifferentiated stem cells have been grown in
chemically defined media on animal-derived surfaces such as MATRIGELTm and proteins such as
serum proteins or extra-cellular matrix proteins, to date, a completely animal product free system
employing a chgmigally defined medium and a synthetic non-protein surface has not been identified for
long-term culturing of undifferentiated stem cells. BRIEF SUMMARY [0005] The present disclosure
describes s}ynthetic surfaces that may be useful in the culture of eukaryotic cells including stem cells

and untfféfentbgaucstahiissirsine TP bfinEdhistrc U pirfarsh hatderBmte aEBsay remain

undifferentiateghfofipdnihd GhMOIRPASSIAARS heRGHIIeehoRdNe syHhalic.silrstrales,e40006] In
various embodiments, a cell culture article includes a substrate having a surface. A swellable

(meth)acrylatenfg 5 disposed on the surface of the substrate. The swellable (meth)acrylate layer is
formed from a composition that includes a carboxyl group-containing (meth)acrylate monomer, a
cross-linking (di- or higher-functional) (meth)acrylate monomer, and a hydrophilic monomer capable of
polymerizing with the carboxyl group-containing (meth)acrylate monomer and the cross-linking
(meth)acrylategmonemesiiiye swellable (meth)acrylate layer has an equilibrium water content in water
of between about 5% and about 70%. A peptide is conjugated to the swellable (meth)acrylate layer.
The peptide contains an RGD amino acid sequence. The cell culture article may support culture and
maintiile IVERGNE STt SRt ESISITR K TRR e N BB RRES(eth ettt 2PEHEmically
defined mediund{foRaakidenceuin onmaspeetstharaieRIQided Gscel aaltumiadigiaysomprising: a

' substrate havitrgg %surfa e;

uman body. This unique property provides a potential for developing new
treatments for a number of serious cell degenerative diseases, such as diabetes, spinal
chord injury, heart diseases and the like. However there remain obstacles in the
development of such hESC-based treatments. Such obstacles include obtaining and
'maintaining adequate numbers of undifferentiated hESCs in cell and tissue culture
and controlling their differentiation in order to produce specific cell types. Stem Cell

Cultures, such as hESC cell cultures are typically seeded with a small number of cells

from a cell bank or stock and then amplified in the undifferentiated state until
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a swellable (meth)acrylate layer disposed on the surface of the substrate, wherein the swellable
(meth)acrylate layer is formed from a composition comprising a carboxyl group-containing
(meth)acrylate monomer which is 2-carboxyethylacrylate, a cross-linking (meth)acrylate monomer, and
a hydrophilichgaeigtseapable of polymerizing with the carboxyl group-certaining gmsth)acrylate
monomer and the cross-linking (meth)acrylate monomer; and a peptide conjugated to a carboxyl group
of the carboxyl group-containing monomer of the swellable (meth)acrylate layer. [0007] In various

embodiments, adifteattamprogisisg RCLILRUKUR AHiGIE-IRFHIRESHISPESNYIRRNSMEES Qna
substrate surfac éhe gfll (:éjléure article. The monomers disposed on the surface include a carboxyl
aif)atiyIgt

group-containing (M HFOHBIFEFY BPOURARS Y (Bt SR FAJR RS SaRRFA Hydrophilic

monomer capalierfikpolymedzingwiinife cahixiageraugeeotain g oneth peaylatsspgremer and the
cross-linking (meth)acrylate mon methad further inclydes polymerizing the monomers on the
substrate surfacgeE%gf%};%%wtgI%ef(lﬁn-{g%&acrylgﬂéefgyer aa\%ﬁe gﬁge&)éﬁ]fgﬁﬂ%g%gi’gr %‘bpﬂf]éent in water
of between abogns9sranchhbmist (86 cehie mptiodialsdiimoifides roenjug ating fofthd awelahie
(methjacrylate \aygEirBERIEMRIRMR, BERARES RAARIINRO BRMPSRIGS HA0RRL NG, more of
the various embodiments presented herein provide one or more a%vantages over prior Strraces for
culturing stem cﬁl@%ﬁé&laﬁl‘;/ Hisifeercenaheialsmenl asiidurs rrcampirbisd shatietierstidaces
reduce potentiahgeniaMminaliok issvamAsSeeiMedwith surfaces having components obtained from or
derived from animal sources. Such surfaces may also provide for improved shelf life compared to

those s s with.biological components. The abiljty to culture undifferentiated stem cells in
chomicd b it ST TEIEES foo AR CORabTRAR i SLCTTN AELARE Pl el
be less batch toabarsh-dariatosifathe patcinbicERIgabttyof thetsynthelicsufacasastenemically
defined media, resulting. in. impr r cipility of culture,results and expectations. These and
other advantag£ Qé#ﬁp%%é%%%ﬂ)}ﬂ glr?(%etﬁs%% ’rerjn %teg’fgllo%?ﬁée%sgfaﬁ%lgl gle f:gr% fgr%ge\?vﬁ %terlgad in
conjunction wittF RIS hpaemise ardofines BRIER BESCRIVEIGN @ T DRAW KRG $40009]
Fics. 1n°B are sehemalisidingranis absids.iens of sxthela e able dmethacnlate layer coated
articles. WO 2009/099555PCT/US2009/00059 7 100101 FIG. 2A-C are schematic diagrams of cross
sections of cell culture articles having a well. Uncoated (2A); coated surface (2B); and coated surface
and side walls (2C). [0011] FIG. 3A is an image of fluorescence intensity of polypeptide conjugated to
1 micrometer thick layers of swellable (meth)acrylate coating in a multi-well plate. [0012] FIG. 3B is an
image of fluoregtieiiie ShiegyRaf polypeptide conjugated to 0.1 micrometer thick layers of swellable
(meth)acrylate coating in a multi-well plate. [0013] FIG. 3C is a graph of polypeptide concentration vs.
fluores in i ides coated on 1.micrometer or 0.1 micrameter thick surfaces.
[0014] Eﬂig@ﬁ isa gég%{?%ﬁg%@gg%tﬁg ngbﬁgesﬁﬁgxt%ﬁ Svugg% egg} %Iﬁlfa:g % run 156? dati 66tained from
a QuantiPro BCAi@ssetc Tells HicRiins jem gedisheof polfiiptuétonsentratitn wscebsaribnee at 570

nm normalized fedammRashOW DGR ESIS G AR RSSRY USSIERSHRARGINE P adhgence o

HT-1080 cells to various substrates. [0016] FIG. 6 is a graph illustrating the relative number o
undifferentiated®h ST PB§F26t0 PGS Fibresscanths mtehsiigsebsttatsd in a chemically defined medium
on swellable (meth)acrylate substrates having particular conjugated polypeptides. [0017] FIGs. 7A-C
are Im&dg@86pf dolumizsotmbdiferentjated huinae enitis/onlacierseaiisautivvad in achamisally

defined mediu -LTm s bstralte EA , a swellable (meth)acrylate with conjugated peptide
(SEQ 1D NO) S SR T S e e P OR8] TG, & f 3
graph illustratiniieb dmesvramthae dfen difforerdatedhunarmestibny ot istendcelis{thoAttoPhos

fluorescence ingeagitkhcuitired iR shepuically definedmediumg,on 2 @Mﬁﬂ%@-%m%%mte

conjugated with varying concéntrations of peptide SSEQ ID NO:4) (as'identified in FIG. 6).
(meth)acrylate monomer, and a hydrophilic monomer capable of polymerizing with
the carboxyl group-containing (methjacrylate monomer and the cross-linking
(meth)acrylate monomer. The sweliable (meth)acryvlate layer has an equilibrium
water content in water of between about 5% and about 70%. A peptide is conjugated
to the swellable (methjacrylate layer. The peptide contains an RGD amino acid

sequence. The cell culture article may support culture and maintenance of
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[0019] FIG. 9 is a graph illustrating the relative number of undifferentiated human embryonic stem cells
(by AttoPhos fluorescence intensity) cultured in a chemically defined medium cultured on
embodiments of swellable (meth)acrylate substrates. WO 2009/099555PCT/US2009/000597 [0020]
FIGs. WA and 1013 are bar graphs illustrating the relative number of undifferentiated 117 hES cells
(by AttoPhos fluorescence intensity) under chemically defined medium condition on embodiments of
swellable (meth late. formulations,after conjugated. wij thf ide Ac- NGE T Y-NH2
(SEQ ID NO:4fx%cg§i?%ﬁg§g£%?§a0§é?’g%% ﬁ%ugﬁrgﬁﬁgét}ﬁe ég)llgtglv%%&u%%g?’o?uhfdﬁ %@elﬁtl ted 1-17
hES cells (by Attbirkosdtiilorescence intensity) cultured on 10-, 100- and 1000- concentrations of [-FN
(SEQ ID NO:12), s-FN (SEQ ID NO:11) and AcKGGNGEPRGDTYRAY-NH2 (SEQ ID NO:4)
conjugaiag.ip erbedimenis of-swelable (eracylaieaaalings: dQ0eshbGmb2 is a bar graph
showing relative HT-1080 attachment (via OD 570nm) to disulfide bonded, cyclized polypeptides
conjugated to a svvellable (meth)acrylate layer. [0023] FIG. 13 is a bar graph showing relative
HT-1080 attachﬁ%\ﬁ?@%&@@%a?@ﬁﬁ%ﬁb amide bonded, cyclized polypeptides conjugated to a
swellable (meth)acrylate layer. [0024] FIG. 14 is a barﬁézpﬂl%usqté?}qggﬁ he relative number of

undifferentiate@ T¥efaRieSeaiiathy AP HE RASF S PEEYON A SR Rlable |
(meth)acrylate layer with:&eningatedanmiaahondedisayelizecdipalypentigdestiiB025] FIG. 15 is a bar
graph illustrating the relative, number of gndifferentiated 1-17th %cs %etgls gggXOAttgPrﬁ?&fgyorescence
intensity) cultured on SPEREHABIR R %’fﬁ}%’fgqg%rrn\r}\ﬁtﬁl%% (gatad Gisaifide horaed, cyclized
polypeptides. [0026] Blexidkiz@giaphaa)awing thekioudting komel 4or mpoiffergntidted H7 hESCs
cultured under chemigally-defined, animal produce free medium ditions MATR1GELTm (MG)
surface, a swellable (ﬁéfﬁ%ﬁ%ﬁﬁ%ﬂf’%}%ﬁ%%%8%0%1385{%18%%‘%%é"ﬁ%&‘f%%ﬁt%%{a‘%epﬁde (SEQ ID
NO:4) (BSP), and a swelkihieg(neth)acryiiatertayemaritiné tnjugatetidefiaéafODrysitaining peptide
with a linker (BSP'PEOA'%'OLQQ@EJ}?EGS' 17A-C are images comparing the survival/proliferation of
human mesenchymalné?em cells' (hMSC) on SAP-BSP peptide-acrylate with standard TCT plastic cell
culture ware o y/ - ing. ( 28) FIG. 18 is a bar

G PORNERAING 2 WBRZIP FPRE CAOdRAWHBARAL I
graph showingnaa%ggrinpaﬁsjoﬁ%f hM§C cell %u%%%f on TCT an%agP- SP after 7 days in culture under
different media conditistineledithg shesitbderieeiaas0bolHKE. 19 is a graph showing a comparison of
the H7 hESCs doubling time when cultured on an embodiment of the cell culture surface of the present
inventj mpared to MATRIGELTm coating acrgss 10 passages, [Q0301 FIG. 2Q shows the results
ot flon Qe bt mr R S e nos, £57 A ARSRRRE e S R, oo
or SAP-BSP suiifposifigriiOnpassages: $(08bic FiE24 Afisha fleldedtrncetickagéshowingoactinin and
Nkx2.5+ staining for cardiomyocytes. differentiated on SAP-BSP pepti ju late surfaces.
FIG. 2113 shou e e AP 2T e B e 5
cardiomyocytes diffeseiricted frosth 4% YIES Groman @mipotlimdnytiofid celtcubture suerfdde of the
present invention. [0032] FIG. 22.s a bar graph comparing HT1 ell pueliferation, (via ahsorbance
at 490nm) datd’ é]]fyl[:?ﬁ cgﬁts,gi%mrgf&g%g . sc§r glcrg,n% Eﬁ%qug%r r%‘fg an?loc? E:ﬁ%gence c?? serum

[0033] FIG. 23 amssihizigeg toatipakndateenmorpieol ogyeof bifeti (B0 velis dndECoGmdetmath jaerylate
coating and Bsﬁogggjgrgagg %%%%EQ@&%&%&%PJ?& %(r)]ﬁcr? S ngvgﬁ%?g &%e%)sa%pgjfmte layer having an
equilibrium water content in water of between about 5% and about 70%. The method
also includes conjugating to the swellable (meth)acrylate layer a peptide which may

be an RGD-containing polypeptide.



[0034] FIG. 24 is a bar graph comparison of the estimated number of viable cells (absorbance of LDH
activity) on SA-Ps, Collagen | and CellBind(r) treated Topasmt [0035] The drawings depicted in FIGs.
1-2 are not necessarily to scale. Like numbers used in the FIGs. 1-2 refer to like components.
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 the other figure labeled with the same number. In addition, the use
of diffédea8hurdberstoneferad benvponentsibndinimdsdeaseyipdlibareitharanisleliferent Matbered
components CaRDALE NS SAI O SITer. Q. AONRI0RRRC ORI TIIR0NM000TR ARTALLED

DESCRIPTION In the following detailed description, reference is made to the accompanying
drawings that fsem ecpart Frerefinahd theniviefhrere %ﬁﬁwﬁﬁ tgdnes norinist st seveian ép@@ﬁic
embodiments of %}’A&%Pﬁé!?%@ﬁcéﬁ%mﬁﬁ QS ALIRER DS IS SioRe Spatibar smpogiments are
contemplated and may be made without départing from the scope or spirit of the present disclosure.
The following detailed o‘és&ript_’r&nemw@ég)im@@tdg fre tm@ﬂ‘ipdgshﬁiﬁi}ié‘-‘S@W@O@?@A!@scier_lt_ific
and technical t%%%z%ﬂ%%%ﬁé‘é’x%&%ﬁ@ﬁ&%?om%}iw% i fheAtinesS oleiss,specified.

The definitions provi erein are to facifitate understanding of certain terms used frequently herein

and are not meatis i Ihhﬂmlbedp@n@ﬂm@@ﬁeﬁéth@ismsw@q@tégﬂ mm@ﬁqmiﬁ@p‘@ciﬂ@aﬁon and
the appended gigyms, NBSIGUAT RIS 18" 1A v AR W RlAmpass,CHNoRlmRAISAaying plural
referents, unless the content clearly diCtates otherwise. As used in this specification and the appended
claims, the terrrpobilisygefietisdlyseninttipe duirfinesersecheoticifly "¢oitved’ ondis theswdngeent clearly
dictates otherwj 9 ad herein, " iding:" icle, | .contex eans
producing, pmﬁggégggfg%ﬁégﬁ?g%gp%E/i?\ég?ﬁ%}%ot e}lvl\%geglg tégf(rg%%gggrticlzﬂég% ttrﬁﬁ@h%%ﬁicle may
be used in the siethogef0odDpPeptidy sederstes omrdfeddtbrotefeiibsd thescopleorsterend by their
three letter codes Thgge C%%%ﬁ w@/@g g&%%%l;g&gd%g . [0041] As used herein, "monomer"

0 [ th anot

read )}
means a compoun capall%lfe polymerizing her monomer, (regardless of whether the
"monomer” is of the same or different compound than the other monomer), which compound has a
molecular weight of less that about 1000 Dalton. In many cases, monomers will have a molecular
weight of less than about 400 Dalton. WO 20091099555PCT/US2009/000597 [0042] As used herein,
"synthetic coating .9t - | rG jayer, layer of polymer material disposed on a cell
culture substra@ﬁe%%%@fgﬁ%sﬁ W&fﬁ%g animal-derived materials or ingredients. For
example, a synthetic coating does not have proteins isolated from an animal source. In embodiments,
swellajiet@hetiiesylata {Byens (Sehtayetis) abadesoibed hedeinypeovidea synthetiic coutiFgldn
embodiments, a suitable.adhesion polypeptide or combinations of polypeptides may be conjugated to
the synthetic cgrélﬁllr!lh al%%% QF%?ESOE% a Iéelldfr%eth)acrylate- peptide conjugated layers (SAP layers).
[0043] As used herein "peptide” and "polypeptide" mean a sequence of amino acids that may be
chemically synthesized or may be recombinantly derived, but that are not isolated as entire proteins
from animal sources. For the purposes of this disclosure, peptides and polypeptides are not whole
proteins. Peptides and polypeptides may include amino acid sequences that are fragments of proteins.
For example peptides and polypeptides may include sequences known as cell adhesion sequences
such as RGD. In some embodiments, the peptides of the present invention are between three and 30
amino acids in length. In some embodiments, the peptides of the present invention are 15mers,
12mers, IOmers or the like. In embodiments, peptides may include linker sequences such as KGG
(LysGlyGly) or KYG (LysTyrGly) which provide a Lys residue which may provide a functional group for
conjugation of the peptide. Peptides may be acetylated (e.g. Ac-LysGlyGly) or amidated
(e.g.SerLysSer-NH2) to protect them from being broken down by, for example, exopeptidases. It will
be understood that these modifications are contemplated when a sequence is disclosed. In additional
embodiments, peptides may be conjugated to spacer moieties such as PEO. PEO may be present as,
for example, PEO4 or PEO012 or any length spacer. [0044] As used herein, a "(meth)acrylate
monomer" means a compound having at least one ethylenically unsaturated moiety (an acrylate
moiety or a methacrylate moiety). "Poly(meth)acrylate”, as used herein, means a polymer formed from
one or more monomers including at least one (meth)acrylate monomer. [0045] The term "hydrogel”
has been used to describe cell culture surfaces. "Hydrogel" has been variously defined to include a gel
or gelatin that can absorb water in an amount WO 2009/099555PCT/US2009/000597
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greater than or equal to 30% or up to 10,000% of its dry weight When contacted with water, hydrogels
swell but do not dissolve. The term "hydrogel" is a very broad term, describing a wide range of
materials, having a wide range of water swelling and water absorbing characteristics. 100461 As used
herein, "swelblgiitdFFacrylate” or "SA" means a polymer matrix made Frormstoease e
ethylenically unsaturated monomer (acrylate or methacrylate monomers) having at least some degree
of cross linking, and also having water absorbing or water swelling characteristics. Swellable

(meth)agsyiates ey be-gyntbetig.fhat if gaﬂéﬂefrw&e%@aiedygﬁ%&?@tﬁ&t}@#&%@&ﬂé{%g@m

animals or animal extracts. Swellable (meth)acrylates may be conjugated to polypeptides or proteins
("swellable (methfAkri{BE8ssLisAdmRied symace i eparisoand sabos puiviptiads @ heptides are
fragments of proteins and may be synthesized, making them synthetic, non-animal-derived materials.
Proteindi#B4) beFidslaled froam amimel- dérivedanaterdalnEhis:s A apdiSAR Matesighgapabe referred to
as a layer, a Co?ﬁii'égoﬂ?? {ﬁgﬁ,} material, gr.any other teilli known (Ln the art to refer to a surface
suitable for cell culture?‘léﬁe part%ﬁ SP%SW%%B%%@JS% (laétensfgjy}Y bé f‘ﬂr%hlg}ii%é‘?ﬁlﬁ I&teFor example, a

SAP surface maé;( be conjugated with a ROD-containing pQIypéptide and may be identified as
SAP-RAYI8r, A¥nP3EiaR ARRh L dHiaRRSaYD WisaFHE U IRbDRBBRAtaRvRERRtide, Gor example

KGGNGEPRG DI ¥RASEQ Ry s witrme(alas eRRRAdhe sion apitopobRanesialo protein
(BSP) from mouse may be conjugated to a swellable (meth)acrylate polymer (SAP) to faun art

SAP BSRESRUIaCn seodments ofie pieseat dsglosue dheeri, suelaple (nethiagilate
represents a range of cross-linke acrylgte or methacryFéjte materials which absorb water, Swell in
water, and do nBP dRgBIdesipriatern Thiy siemsicalos Srbimdcorastuttnstiowvdse described and
measured by equilibrium water content (EWC) as shown by Formula 1: Formula 1: EWC (%)= [(Wgel -
Wdry) /[owigigl)] FIKDO4 [04 & A usesbhgyaindehaxeenth@dngrs. bl eccinelsgingy, eomprse”,
"comprising” or t%%ﬂ,‘é% are us§d in tpeirBo(E) n ended sense, and generally mean "“including, but not
limited to". It wil’ & URderetood At "EQASTS iﬁ‘@SQ@/SsentiaHy of', "consisting of', and WO
2009/099555PCT/US2009/000597 the like are subsumed in "comprising” and the like. Accordingly, a
SA surffdd $orfd&frd s a srwiurs BPhRaTbdferssSHIpIioNy S Hyrirbphikcahoitome noarcrbesdlinking
monomer and aashexM, SFRMANEONRINAY MNAMLLMAYLE-foied Mgt iR Sensisting
essentially of, oy consisting of, a hydrophilic monomer, a cross-linking monomer and a carboxyl
group-containin%{%ri]o(ﬁg&rﬁ%ﬂf3 [80#8P#RE"BREGS St disclosure describes, inter cilia, articles having
synthetic surfaces for culturing undifferentiated stem cells. The surfaces may support proliferation and
mainter®iidd ofllfdiffers riceglstémstelingn bhemigalhy vefibed ofedidi otk CalESuligke Article
100501 Referring i G A Aseheatis diao s aLa Sifs,viaw.of.an iels JPQ or cultung cells is

shown. The article 100 includes a base material strate 10 having a‘surface 15. K'swelable
(meth)acrylate EWatRY ISR Hissubsaans itaisamaticuBroinisssutssnelinentisese material 10.
While not shown, it will be understood that swellable (meth)acrylate coating 20 may be disposed on a
portion (65T sFatesor haSexraatexink 16, Tensushsitralel B Rasanateriah omswhe asy material

suitable for cultyri lls, including a ceramic,substance, a gl tic, @ polymer or copolymer,
any combinatio(r:]%lt 8%26?, %r%‘%%é%’r%' o%%mﬁlg%g}%aﬁg?lor? %n‘%t@?@%ﬁubsﬂ%%ﬁ btk fhaterials
10 include glassvradabitalmstivhcas dodaHimeghass: pyrantigaéSEQyE0r §lash, Guartengiass;isilicon;
plastics or poW@‘ﬁﬁ?ﬁB"(ﬁ%@P%‘ﬁgﬁjﬂtﬁn@ﬁ%ﬁi@&ﬁﬁtéﬁﬁﬂe oly(vinyl chloride), poly(vinyl alcohol),

poly(methyl methacrylate}j, poly(vinyl acetate-co-maleic anHydride), poly(dimethylsiloxane)

mono rylate, cyclic olefin polymers, fluorpcarbon polymers, polystyrenes, polypropylene,
polyetﬂyﬁlbeq%c' mﬁée*} 'cgpéfyl’?we%ag cHHSTERGiMS| AEEHLE-CYRPsTeitlanRifeyuated human
poly(styrene-cceemtateioiarsiydriciy, (olyletbBlesdiooraetylic asiehsor fetrathemnaf thesaqnthe like.
[0051] As used jherein, "cyclic olefin copol r' means a polymer formed frgm mare than one
monomer spectliigﬁsﬁ,n W erré%agtnllg};\stoélneaof %xé%]lr%glneo énreé%eggg 18 a QUHES S in oMier®hd at least
one other moneprerBpRitias 48 protelc B dle Mo ienmdsmsifiediés FGn@ny embodiments, cyclic
olefin copolymers are formed from ethylene WO 2009/099$55PCT/US2009/000597 and norbonene

monomesss Cyslicolefincapghumeriirsingiate spmmersially.ayelanle with #rads-namet LOPAS(r)
from Boedeker Plgstics, Inc. [0052] Examples of articles 100 suitable for cell culture include single and

multi-well plate¥ SHEs"E™ 5208 (T8 IHd IS IS URSAPIST B ISRT LY b ERER 8 715BRBISANi-layered
flasks, beakersjqilatésnedilan bolties: sidesbstieheas shawtiage (@nghnauviichagiesae culture slides,
tubes, cover slips, bags, membranes, hollow fibers, beads and microcarriers, cups, spinner bottles,
perfusion chambers, bioreactors, CellISTACK(r) and feimenters. [0053] Swellable (meth)acrylate (SA)
coating 20 provides a surface 25 on which one or more polypeptides 70 may be conjugated. Of
course, the one or more polypeptides 70 may also be conjugated to the SA layer 20 at locations
beneath the surface 25. As used herein, "conjugated” means covalently bound. Covalent binding of
polypeptide 70 to SA layer 20 may occur through a linker. The polypeptide 70 may be cyclic or linear,

or may contain portions that are cyclic and portions that are linear. [0054] For the purposes of this
dicelneiire "nantide" and "nalvvnentide" cran he 11eed intearchanneablvy Anv criitabhle KA coatina 20 mav



pyrrolidone,acrylamide,3 -sulfopropyldimethy1-3 -methylacrylamideopropyl- ammonium, and the like.
Regardless of whether a (meth)acrylate monomer or other monomer is employed, a hydrophilic
monomer, in various embodiments, has a solubility in water of 1 gram or more of monomer in 100
grams of wate®. 2a¢yostitable di- or higher-functional (meth)acrylate monamerysuobvasetra(ethylene
glycol) dimethacrylate or tetra(ethylene glycol) diacrylate, may be employed as a cross-linking

monomer. Any suitable %meth)acr late monomer having a carboxyl functional group available for
WL o g i

conjugatin MhigadzH Bress iesmehbitiesttinecbryshiteenmny enel Spddduemipes by

polymerization majyibaEinplsyed. AtvPiearloxkiunatinralsgroupienakiesspnjugatiomedianpeptide or
polypeptide using NHJIERG.C Isir I f suitable carboxyl group-containin eth)acrylate
include 2-carboxyethg;rl acry gte ané§ aﬁ%&é@%ﬁ%&éﬁ% va %%% %’rﬁﬁ*gﬁ}%’%ﬁ%’tﬁ%’l@g& ;E;/er 20 is
formed from monotfi §%ﬁ?pﬁ%1ﬁ&@@£%§€r%@ﬂw&¥%%miﬁ@"r‘l‘éth)acrylate monomer (-60-90),
carboxyl group-containing (meth)acrylate monomer (-10-40), and cross-linking (meth)acrylate
monomer (88210, Fd&pddtiieeh bir eitibeilirtiarion g thedt the reeuitib nill mdifitembetste H7(ERYC) of the
chA layerfnr&axc/]I be ﬁg;at_iowdm&ﬁm@m@ﬁ@%f%& péeﬂﬁtg;_%ié%llax@r; H%?]e@é@pk%olé._higher
egree of hydrophilicity and a higher percentage of the rophilic mongmer should result in a more
swellable SA Iayerc\‘?\ﬂf%"g ﬁfﬁﬁ%r%ﬁﬁH&gﬁﬁeﬁ?th&qﬁ% b Mteide by IReHAsHG thE percentage,
or increasing the fHCHDGEIRRBP TR ArdSSHNKER IMBM @ )\wincjughel|toreshiseitihenabitify of the SA
layer to swell and gq@ggﬁgt@,%mgymg@@tmgy_arious embodiments, the specific monomers employed
to form the SA layer and their respective weight or volume percentages are selected such that the
resulting Sfydayer EWC of between.about 5% out 70%. Due i to the yse of a
carboxyl contal ingﬁbi%%ear%\rtﬁgpéﬂsog % lf?lg)atfis" %n‘%ﬁg |m§rtf?§hdrées"ér€5’éldﬁ1%?g.&lrfr? EEWC may be
pH dependent. Fopdhidersiedethexcine oplyarntdtacasatrdyiheshicinbid irpiospivite butier (pH 7.4)
than in distilled, deionized water (pH -5). In various embodiments, the EWC of an SA layer in distilled,
deionized @48} isEHe. BWE (irbavagephofi®As gfrifiveiprd$EAMIR antitimenaywiangp etweem5% and
70%. between 5%gag 803AbegEn 53 AONARYHRIGED 2 AN BEMEGRShN] ~ 12 - WO
2009/099555PCDUS2009/000597 35%, between 10% and 70%, between 10% and 50% between 10
and 40%, lﬂﬁm en.5% and 35%, between 10% and 35% or between. 15%.and 35% | r. In further
embodiments, ftgggfg'e%{\:\}alﬁag?é %é%h’)élérﬁg? S ea{/%a een %néyﬁ\%ﬁé}%t%nég \%vf% erﬁ?p%?&é%?@?ﬂ, the
EWC of embodimépits 6nSAR besHuprsseneinviention nsalised for exarsipibiebamatbiaartdte 40% in

water (data not shgw)w[g(&mdgaﬁﬁlhﬁﬁﬁ@ggﬁg@gﬁg%g%g@@&@@ exposed to an aqueous
environment for extended periods of time. Surfaces that absorb significant water, surfaces that are

highly hydf@@ﬂﬂikﬁl@% t@'hd&&%?iem aHQé[‘h% SRRV PSS RETRIIR 20,39 HGUS
environment. T all

is may be especially true when'these materials are exposed to an aqueous
environment for eRERY/ HEGAS Bairseersn dnensitor s Brred sreadapdiaeandbigrdaisdasrdingly, it
may be desirable fokiSAmnaSNR-tayRIsSHenbay e tonved EMYeepiaasurements, so that they do not
absorb as much water, to reduce the likelihood of delammating. For example, SA surfaces having an

EWC beloyse@?o mwy. ipe @%rgﬁﬂmhbﬁ’m&?@@d@fbﬁklgﬁﬁéi@& GRUFIR AU e NRlHR g YN
embryonic stem cel%éogﬁ&.ltr\/lll b launders,tood that the cgnjugation of a polypeptide 70 to an SA
S

layer 20 may affect’ SITHBHIE 460 C e utbGn REESCEortent (BSVET of 18X &, denerally
increasing the EWMATRESENBUIMSE)p elyfrentideseatipbiatédetd) iy ayeisyte nditodoej vaatiable and can
change depending g the ﬁ@ﬁgg&ﬁgi%yep%&gy%%m%di I 4)th€8|§gz’c gr{aa §A§9J%M%jeotide layers

prepared in accordance with a standard protocol may be variable. For plrposes of reproducibility, it
may be desirable B85Sty EWEh seaingasd deBrrst RERsAGaRsE drptde polbpeBoks. with this
noted, in some eniBBeliPReAlS, after the SAs have been conjugated with polypeptides (SA-polypeptide),
the EWC of embodiments of SA-polypeptide layers may be between about 10% and about 40% in

water, (00§t vamigus eaeosHmRRLe:s RgsMiaYes RviRaAseRahimerizadMisitiasiate monomers
formed from a mix%ure %ﬁluﬁ%gjdro%%methacrylate 2- carboxyeth Iacr¥late, and tetra(ethylene
glycol) dimethacryfate. 'h P8 Sning‘i’HS"?&E-‘(éatW\}%‘ufﬁﬁaﬁ% ydtoRiFstsy Fllethacrylate,
2- carboxyethylactylie, veanel qe tiay Sthytesedjhycol) dimethacrylate used to form the SA WO
2009/099555PCT/US2009/000597 layer 20 is about 80/20/3 (v/viv), respectively. In some
embodiments, the SA is formulated using the following liquid aliquots of monomers (by volume):
hydroxyethyl methacrylate (-60-90), 2-carboxyethylacrylate (-10-40), and tetra(ethylene glycol)
dimethacrylate (-4-10), respectively. In numerous embodiments, the SA layer 20 consists essentially of
polymerized hydroxyethyl methacrylate, 2-carboxyethylacrylate, and tetra(ethylene glycol)
dimethacrylate monomers. In various embodiments, the SA layer 20 is substantially free of polypeptide
crosslin.kers. 100601 In numerous embodiments, the SA is formulated using the monomers (by
volume for liquid monomers or weight for solid monomers): Monomer X (80), 2- carboxyethylacrylate
(20), and tetra(ethylene glycol) dimethacrylate (3). Monomer X is: Hydroxypropyl methacrylate,
2-Hydroxyethyl acrylate, | -vinyl-2-pyrrolidone, di(ethylene glycol) ethyl ether methacrylate, acrylamide,

othvieane nlvieol methvl ether methacrvliate Ar



the polypeptide 70 may include an amino sequence, or a cell adhesive portion thereof, of collagen,
keratin, gelatin, fibronectin, vitronectin, laminin, or the like. In various embodiments, polypeptide 70
includes an amino acid sequence of YaaiXaa,,ArgGlyAspXaa",Yaal (SEQ ID NO:1) (RGD) where Xaa
and Yea repré&efit®da¥sdimino acid, synthetic or naturally occurring and nEfifdtstigandeesany integer
including 0. SA layers as described herein provide a synthetic surface to which any suitable adhesion
polypeptide or combinations of polypeptides may be conjugated, providing an alternative to biological

substrajge,gy SarE) HAtNVEHBKIANA SOMPAHDl GHTEe HhRSH Ciurs Rtapticeritis knpwn that
some cell typesﬁgﬁe}zguwe the presence of a blologlcal(ﬁgypeptlde or combination of peptides on the
t

culture surface foriHeSEerteh hdmerénsuliws rdeeiieren srdiisanitamunsdidies 8xariple,
HepG2/C3A hepatagyte cells can attach to plastic culture ware in the presence of serum It is also
known that serum can provide polypeptides that can adhere to plastic culture ware to provide a
surface ic rtain cells.can attach. However, biologjcally-deri ubsirates and serum contain
ko B B e e
(peptides) of sevuiiimsd wologicemhpabrivat slidbaraield thdtwauseiaed aftdbhmesserlrdkisoien those
known peptides;cap hesyihesRagmane applied a0 RALlavgLas described herein to allow the cells

to be cultured on a synthetic surface having no or very few components of unknown origin or
composition. [006:3) In,some embodiments, peptide 70 includes an amino acid sequence of
YaaiXai&grnglgiép%ﬁﬁ, 5&%@6@5‘1@8@7%&?&%@@7 ﬁ?fe‘é%%%‘%eﬁf iﬁ ?g%ﬁeﬁtgﬁer of 0 to
5, 1is 0 or 1 préidétthatithepeptida TRIGELBescatidast DhR-B AR sedate Xad (spadependently any
native or biomimetic amino acid, and Yaa is any native or biomimetic amino acid, where either Xaa or
Yaa hagigtiopality saat epablesduclenrnilic AddleR:gd M aMida hepdformation, Jog free

carboxyl group of SA surface. In various embodiments, Xaa or Yaa may be lysine, cysteine,

homocysteine, FEAIRMIATHES AHHfHHEIEGHASH o EpRSRIPEEHco FeERsh dENBIE aBE2f0D64] In
some embodimerts, polypeptide fihinslugesan amineaedd searenee PldaaXaassygsisspXaa“,Baa

(SEQ ID NO:2), where n is an jnteger of 0 to 4, m is an integer of.0 to 5, eac&;( is independently
any native or bionTTRatic § nég c%foén%l 9?%‘9%3%%@%%%@ 9%%§%99“Z%% and Baa
are each indepemtiedtiyeanyfriative! beubiomn mndiic: ahihoraeidih awegtieavalent bonds formed between
atoms of their respective side chains to form a cyclic polypeptide or portion thereof In various
embodigesis, 498 apd Bag ae linked vianpLisylfigebepd-donfiamRaienZa053ammay he cysteine,
homocysteine or penicillamine. In some embodiments, Zaa and Baa are linked via an amide bond. For
example, one o‘?ﬁ&&’éﬁ%g AN SRsHOCRCIEWItRAE SRR hiafachalitly e s b 1S such as
lysine, omithineyfdiaanoproprionic acid, or diaminobutanoic acid, and the other of Zaa and Baa is an
amino acid with a side chain having a free carboxyl group, such as aspartic acid, glutamic acid, or
homogkisic 3gld: Ig:same;emhocigieis,d RVBERIAS IR 26paidingdn SHR IR NQ:2 migy be further
defined as including an amino acid sequence of Yaal aa"fgaXaanArgGIyAstaar"Baa XaamYaal
(SEQ ID No:3)£rmﬂ§%h@wli%ﬁqﬁieganéfféﬁﬂb PIVESIanh MRS of O IBeEd8cE 6rd Presviekedithat the
polypeptide incliydgs at least one Yaa or Xaa, each Yaa and Xaa is independently any native or
biomimetic amino acid, and Zaa and Baa are each independently any native or biornimetic amino acid

having tken nds,formed between atoms of their.respective side chains to.form a cyclic portion of
the PO R T of X ] RV T Blo i AT ARG R
enables nucleophilictaddition, I avievayhicteSoiid, fG ritation] 40 feiBicef teplgt Giopasf SA layer.
While not intending to be bound by theory, it is believed that cyclization of a polypeptide containing an

RGD sggpasncermayfeip@ipiain acpniormation sthuctbie iRRayecus enviranmesisdepigserve

biologic function relative tq linear counterpart polypée%tides, particularly when the polypeptides consist

of relatively fewPSmnts akitseET0IHKE SRERATIIB0EE R Sonticrathbodhdrsire b bi8sMte %
comprises an aminmseidcesfienoe0t bypGlya VAN GlEGIUDIOArGGIvASPERIZY rir gT tie(SEQ 1D

NO:4). In some embodiments, pgl tide 70 cansists essentially of an aminp acid sequence of
AsnGIyGIuPro&?&@Rﬁ&%ﬁﬁ@?ﬁ%&%‘ﬁr I@E%g Iﬁ%@h %f%es%m%%m&aﬁéﬁ%,tg%&%é) 0 consists

essentially of adifferinoracidsedquesice tofcomponents is not intended to indicate that the different
LysGIyGIyLys%}g@&@g&&%lg%&?ﬁg@%%%'}[)D({Aﬁgg? (SEQ ID NO:6), where Lys4 and Aspl7
together form an amide bond to cyclize a portion of the pgfypéptide. In some embodiments, peptide 70
consists essentially of an amino acid sequence of LysGlyGlyLys4G1uProArgGlyAspThrTryArgAspi3
(SEQ ID NO:7), - 16 - WO 2009/099555PCT/U52009/000597 where Lys4 and Aspl13 together form an
amide bond to cyclize a portion of the polypeptide. iPsome embodiments, polypeptide 70 consists
essentially of an amino acid sequence of
LysGlyGlyCys4AsnGlyG1luProArgGlyAspThrTyrArgAlaTyreysi7 (SEQ ID NO:8), where Cys4 and
Cys17 together form a disulfide bond to cyclize a portion of the polypeptide. In some embodiments,
polypeptide 70 consists essentially of an amino acid sequence of
LysGlyGlyCys4G1luProArgGlyAspThrTryArgeysl13 (SEQ ID NO:9), where Cys4 and Cys13 together

form a diciilfide hond to cvelize a nortinn 0f the nolvvnentide In variniiec emhbhodimente nantide 70



[0069] Polypeptide 70 may be conjugated to the SA layer 20 at any density, preferably at a density
suitable to support culture of undifferentiated stem cells or other cell types. Polypeptide 70 may be
conjugated to SA layer 20 at a density of between about 1 pmol per rnm2 and about 50 pmol per lIM2
of surface 2%8f8R/eFafhg 20, which can be estimated by the area of suPEE&s2EhEee material
substrate 10 that is coated in embodiments where surface 15 is uniformly coated by SAP layer 20. For
example, the polypeptide may be present at a density of greater than 5 pmoUmm2, greater than 6
pmol/mm2, greater than 7 pmol/mm2, greater than 8 pmol/mm2, greater than 9 pmol/inrn2, greater
than 10 pmol/m_m2, greater than 12 pmol/mrn2, greater than 15 pmol/mm2, or greater than 20
pmol/mm2 of thg} urface 25 of the SA coating 20. It will be understood that the amount of polypeptide
70 present can fr ‘ﬁ%&?ﬁ&%ﬁ%@@g{nposition of the SA layer 20, the thickness of the SA layer 20
and the nature of the polypeptide 70 itself. As discussed below in the Examples, higher densities of
polypeptidaé]0 maifsheittipabiailedsdippoptiaiaeltnent anthatotidaratawhpaditgaatiaigd stem
cellsina chemi%%{%defige%rrtr}legiuph;l OYQV]B;I\ﬂet@ag%%tg monomers may be synthesized as known
in the art or obtaied fromfa commeriat ven ocr, &lich'as on‘éfg“Péﬂcéslf n%.?gfﬁr‘ﬁé EHER Inc., and
Sartomer, Inc. Ralppdistictes 30 deaicdse syarthesimeldrasthadvnlinithes drt (ordeitenodtithely gieduced

through molecuyfigiaaical Jechniuash el SRIINSLIRA CAMMPIIRlYE0dRL Wehas Agrerican

Peptide Company, CEM Corporation, or GenScript Corporation. s 80"may be synthesized as
known in the artBiFipptdicerseont dschrrerdiat (ellnsdetriles diessranipropethifienesgloes! (APEG)
linkers available,frep-RianiamiaPesen, Ltd. [0071] As shown in FIG. 1B, an intermediate layer 30
may be disposed between surface 15 of base material 10 and the SA coating 20. Intermediate layer 30
may be igured WO, 2009/099555PCT/US2009/000597 to imprave binding qf coating 20 to
substra{gagétp to‘%ﬁcﬁﬁ%@%ﬁ@rﬁ%‘%ﬁ%&%ﬁ% %8%‘2% g}npo?ﬁgnnsl%ﬂﬁ%sscl?%%%b‘fﬁ%i ﬁr(ﬁﬁ ncoated
cytophobic to emgoundgge cehegrovetsmmriCedtedizre dsfitoiprovideraideubsteata compatifalaivith a -
monomer of SOl wEHENG MeRMELA salvenlisNcompalbleadl iie base pAlRlielA0. to
provide topographical featuéres it de_s%{rg t rough%%lr gxagr%%]f%, patterne print%ng, ora%%%ﬁeé For
example, if substRe cEGhs preserisisghnsiete, it may be desirable to treat a surface of the glass
substrate with an epoxy coating or a silane coating. For various polymer base materials 10 it may be

desirablpaasproyisiesan interimegkaidayer aiahpalymmide, qpalyinaidesipalypropyene; payethylene, or

poly(meth)acrylate..\WWhile not shown, it will be understood that SA coating 20 may be dispgsed on a
Porton of ntemmbgiali acBr AL B ARG e QLB I e RIS A T e
disposed on a pbeties ofthase snatasiakdd JfOdR}Heciaritivs embidimerisiauciace] hofibase material
10 is treated, eitypr B?&i@?&ig&%g&‘é%%ﬂ%‘%@@%Ml‘ﬁgl"%9!909“983&% Qlcharagienstig to the
surface 15. For example, and as discussed below, surface 1$ may be corona treated or plasma
treated. ExampBsi8eya815a1issr atmospheric pressure plasma include radio frequency RF and
microwave plasmas both primary and secondary, dielectric bather discharge, and corona discharge
generai@dig; malecutar praiixegrgagisshaludiigiain ey gemeRitcfyemaigo meadeR adiexide, nitrous
oxide, or water vapor. f0073] SA coating layer 20, whether disposed on an.intemiediate layer 30 or
base material 16?%&5%?‘% ?/Llﬁlﬁl 8ﬁ$ﬂys/uc,ggala¥}s/n %ﬁr%é‘r’fﬁﬁ&%‘ﬁ%éﬁ%te? §§/nptijen|8f)o%yd&% ’ftééﬁ, itis
meant that the kypb2@seddgiremetieal. for example a surface of a well of a culture plate, completely
coats the area at a thickness of about 5 nm or greater. While the thickness of a uniformly coated

surfacejgoay)vapLariosedha sy facecthgta asemBrareasiphithaendiesmiy cogtedisurtaeasdbrough
which the underlying I%\ﬁl‘er (either intermediate layer 30 or base material 10) is exposed. Cell

responses acro¥¥ fonURTGrAT s iaRebaas (3 5EHABFEA Fiable than cell responses across uniform
surfaces. f00741 SA polymer coating layer 20 may have any desirable thickness. In various
embodil¥fédits, the wérhgeimféhnessl@f’thematiﬁgﬂ;awcﬁ@amw@sﬁmlmﬂ@ﬁaingmﬁm@mrs. For
example, the aygiagednickhessBay e Igethan,abaubroAe 200309R53aEE U 3A909(P00597

micrometers, less than about 2 micrometers, less than about 1 micrometers, less than about 0.5

micrometers, b&AREERNEHOAR B (fithea REcaBBe 3 0dutinc Gre@BIG iR fieisaviaersipio PSJeFhe polymer
material forming,@Atauen gonmayibe crossaipkeddo aavsuHiabigdedwee kndearegghegsslinicing
may result in partial or complete SA layer dissolution and lower polymerization reaction efficiency. hi
various embodﬁ?’?éﬁ@?mﬂ?égglﬁﬁf%"density of SA layer 20 is between about 0.9% and about 9%.
[0076j Article 100, in numerous embodiments, is cell culture ware having a surface suitable for cell
culture, such as a 6, 12, 96, 384, and 1536 well plates, jars, petri dishes, flasks, multi-layered flasks,
beakers, plates, roller bottles, slides, such as chambered and multichambered culture slides, tubes,
cover slips, bags, membranes, hollow fibers, beads and microcarriers, cups, spinner bottles, perfusion
chambers, bioreactors, CellSTACKS and fermenters. In numberous embodiments these cell culture
surfaces are contained in a cell culture well. Referring now to FIG. 2, article 100 formed from substrate
or base material 10 may include one or more wells 50. Well 50 includes a sidewall 55 and a surface
15. Referring to FIG. 28-C, a SA coating 20 may be disposed on surface 15 or sidewalls 55 (or, as

diceriicead abhove with recaard to EICC 1 one or more intermediate laver 20 mav he diennced hatween



layer provides a uniform layer that does not delaminate during typical cell culture 5 conditions. That is,
the SA layer is attached to the substrate or base material. The synthetic SA surface may be
associated with or attached to the base material substrate via covalent or non-covalent interactions.
Examples ofWfdRAWHERSAt interactions that may associate the synthetic X BEIS20e/ Wi the substrate
include chemical adsorption, hydrogen bonding, surface interpenetration, ionic bonding, van der Waals
forces, 10hydrophobic interactions, dipole-dipole interactions, mechanical interlocking, and
combirlggms tﬁ@@é&ﬁ[ﬁ&%ﬁ% 4@%@1&%@@%@@@@?@5&1&%@%@&@1@ r}i%k:?u Qﬁé@x&e Syffacefs coated
according to the teachings of co-pending application serial no. 12/362,782, filed on even date
herewith, namPR)PHE (Patea APRAEMHBR Sttt bl CUICROR AR FRERE fSANE
SCREENING, ittial: appheatienveiherabydncerpasaiedhererp e reigiRNce sinticadtiadider all
purposes to thg extentt that it does not con lict with the disclosure ﬁ%gsée?r}?te herein. In %}ﬁ erous
embodiments, TSN B SR AR UERSRYA Sh TR AREBIY N & e B SRERTed in situ. In
such embodimantd)theybasaymatétial aykibe refemetb2Diatierpiovid:thayisihbstratetiap. which the
synthetic swell meth)acrylate material is depasited. While polymerization ma .Ee daone in solution
onase o m bl e e e O PG Do, n st
polymerizationby isidjsgeiedlfcthnsemtipfscwatiat b enfmoriecsvetnmsérictbiadadeteTrieptidtworked
polymeric surfagg:is not BRdRiesRenalFaling polymeric network. In 25 embodiments; the networked
polymeric surface provided by in situ polymerization attaches to the substrate, does not delaminate,

and survives in the agueous environment of cell cultyre without delaminating for.perjods of time that
are rellUSR fof S NEGRE |RBH Boct e ML onBIFErE SFEHENE eI B Ha RSO
2009/099555P¢ thdB2009/000b&T - vik 0o sityy rhayeatiowi fanthinken atcbmane: undoonilayaes of the
synthetic swell sbé% rr{[’\e%?l%r?y e ma’&relgfll ct;gr Qees fof«%}et?le One gsf gkiltli[giis:h(fls%{t Wi|é be@a%lﬁj% Sto readily
select a suitable solvent. Pre eraBTyaﬂ‘lme solvent’is compati%‘llépmﬁﬁ the ma erla(fsflcl)rrr’n})nél e cell culture
article and the ambmoHipgBlifermary nedediekbpreteisle cbeptidhremdhpeliwapidesxisato thelusislls to be

cultured and thatigges notdnterfere withhe molymerization reactiop,Alieratively, ardo aggition,

selection of a solvent that can be substantially completely removed or removedto an extent that it is

non-toxic or n@YERGEHSEFIRYSEANIS peAyRMsFz KHBW s Bk BSHEBIscIHeBERhsevR whBdRces, it may
be desirable thatsig.sohtathenteadlpepmpyalzigwiRoshatehansiionsydcihas ¥aguem or

extreme heat. Volatile solvents are %(Jamples of such readily removable solvents. [00831 Some

solvents that rAZYBeETaBIE I VariBlL ST SIS B U athioPARHIES HsHife SEFH5BL ABFBHPhclude
ethanol, isopropahdhaceighacetate; ety tediate, idimetbyifaatanpideidE k) i asidddimethysulfoxide

(DMSO). As described in co-pendi lication, seri . IVIL$S4, filed.on even date herewith,
entitled CELL %ﬂ}ﬁl‘?%ﬁéuﬁ%%g@%@ El\ﬂf\%@\%lgﬂé—ﬁ géﬁ\}/lé’ﬁts‘.v hslﬁcrpéosvgac?e o?fg,s methanol,
ethyl acetate, mtémné}iahemﬂtrﬂ@,viwpmmmpaﬁid @{_blnafml,ca}nﬁlgma_noﬁfmhy lpepsaiticularly
suitable solvenis,hendhis dasisihios AMovE. SONER GRATCIo:RRlmE fealions 10084l g nonomers

may be diluted with solvent by any suitable amount to achieve the desired viscosity and’'monomer

concentration.%%‘T’?érﬁﬁ%tﬁéo%dﬁgﬁﬁéﬁ%?ﬁp%%Mu@d%é@ﬁﬂéin‘@‘ﬂmﬁ@d@&éﬁiﬁbéﬁ"ﬂ#e‘%"ented herein

contain betwegndaledOuHorHRa0AUEIRYE MONPMQI B MA¥ OhaXAMRIG LR MeNpiRRiKLAaY be
diluted with an ethanol or other solvent to provide a composition having between about 0.1% and

about 50% mdRdtHEF B HIRPATRTE 1 D5RBSH SO 656 HBHEH RS 1y WBRGMBRSIES aB560t%.19% to

about 5% morkEDeriBOvekinte pEsEmmsaiouixArdel @B UL PRONGamelchykahire, The monomers
may be diluted with solvent so that the swellable (meth)acrylate layer achieves a desired thickness. As

discusgi gboxe uLLINREROSIEABINOMEL ALSIARNickaf NOCHRIRAT SRS SN BRUIL and the

coating may likely de-laminate after contact with an aqueous medium.
2009/099555F8 T epsabpopneingted moiety (an acrylate moiety or a methacrylate moiety).

“Poly(meth)acrylate”, as used herein, means a polymer formed from one or more

monomers including at least one (meth)acrylate monomer.

[0045] The term “hydrogel” has been used to describe cell culture surfaces. “Hydrogel” has

been variously defined to include a gel or gelatin that can absorb water in an amount

-8-



[0085] In various embodiments, the synthetic swellable (meth)acrylate layer is deposited on a surface.
of an intermediate layer that is associated with the base material via covalent or non-covalent
interactions, either directly or via one or more additional intermediate layers (not shown). In such
.embodiments} gtesiptithediate layer will be referred to herein as the "subSwatedovtesvhich the
synthetic swellable (meth)acrylate layer is deposited. [00861 In various embodiments, the surface of
the base material is treated. The surface may be treated to improve binding of the synthetic swellable
(meth)acrylate Jayer g, e pasenalafial surlack 19 (Reliale monomes shreading pihepase material
surface, or theTike. O course(,q e base matefial may be treated for similar purposes with regard to an
intermediate lay&k Wevarkodsoambeuii dnisiametstimateeis Drasema frepdeesaighstrradacefergy
obtainable fror. sych. keRtMents; mavkaciliiate SONoMES SPLeaRin %.apd HnIQRP LAAlAG 1087 In
addition to the monomers that form the swellable (meth)acrylate layer, a composition forming the layer
may include o6 ARSTEP BdHBRaIEEHffounds such as surfactants, wetting agents, photoinitiators,
thermal initiators, catalysts, activators, and cross-linking agents. [0088] Any suitable polymerization
initiatoj0iny besenmelkd ek rievadl bitilkinhe arwiideadifig B8 ablentoasptéetrarsuitaiteninidiator, e.g. a
radical initiator,Qr a cationic initiat uitable for use with the monomer vari iments, UV
light is used toég%)ﬁe?gtgﬁgeoggdi%a fﬁ%lr%??ri}l/er%£ %ﬁgﬁ\t{:%%e%ﬁg?n SBI n?traﬁnl%g%icg%. 008%] nglysuitable
initiator may benasenieBxdmptes of [solinsenzatiegrénivatorssndinieorgani@iserbrides Hier
compounds, qyingngs, NiFAsRGOMPOHRES AEYLhaldes, hydrazanesqmairape.campaungds, pyrylium

compounds, imidazoles, chlorotriazines, benzoin, benzoin alkyl ethers, diketones, phenones, or

mixtures there8fiEgai pldsiobstheh e comrrarem ipastirah dhl pav ietst firtearima Y idivle
light-activated gheigiritiaiors have lradenameReHthashREACERREMI BGAGHIREILS4:
IRGACURE 369, IRGACURE 819, DAROCUR 4265 and. DARQCUR 1173 commergially, available
from Ciba SpeREHPE et e TErRR RISy 2R RS 90000095 SEPEFHL 2d§9/§(%’5 7 LUCIRIN
TPO and LUCIRENepR@slocpepriescially vatabile dfamBAS rChanobte siiGe 09 @)aking
photosensitizef,may also be lncluded.ina suitalis dnijatqr system, Represenialye phgigensitzers
have carbonyl groups or %el’tlary amino groups or mixtures thereor Photosensitizers having a carbonyl
groups includedoenzbphnieheT hsciophehBag, henrdl trerteldehygd loashidasboniidelyde,

xanthone, thioxathonc,,2,10x apiiAaRANEARARINGE ajomalie kelppes shinpiosersiizess having

tertiary airlines include met%ldiethanolamlne, ethyldiethanolamine, triethanolamine,
phenylmethylethBrfaliine Tap @ ey BPARSRHSY Setsdste resnimdrehny wraiidsh phdtosensitizers

include QUANZIEHHRE B4 FQEJABETICYRE Q¥ {ld ANEI C U BB BntaibA\DEpd ke BIRD from

Biddle Sawyer Corp. 10091] In general, the amount of photosensitizer or pho%o initiator system may

vary from abo8 0% YrRB9EhISwa At SO0 T B IEBICRASHE FORERAS tRIARE SHE D onium
cations, such asGrystitigiing npsatise asorelk asmeg A TameiiR SIS $HetYag 38 atbnaiSystems. [0093]
In various embodiments whe e monomers are diluted in solvent b ing deposited on the
substrate surfégce? Oéaseos\lll{/%%ﬁélhr”e%\% on%}: ep°o|y%%??é?%Pﬁﬁ%%Z%%%t%°§3 be tl?";eemmg?\%d by any
suitable mechamismmoggrdcess wgkagealmbhiu@gttcopohorer dBad)90vEwmmior & Ab&H5% or
more, or aboutcgﬁ%)g(_)r mgre &L&?ﬁ%@nt @a)(gge ﬁg%ygddgggrsg%polg@eggﬂ{lons‘.ﬁélg&ggcrlbed in
copending application serial no.- |fed on even date herewith, naming Zhou et al. as inventors, and
entitled CELL CUTURBARECtEUNDSER EERNGadhachdats fumgtHat st dvalcersubstantially

all of the solvephREOLHQAINNF.2IQWSIfoR hetier, cartrah of GUHRSKRECSARY. the BRQi0f monomer
converted. When conversion rates of the monomers are increased, waste generation and cytotoxicity

are reduced. [6DYAPPE FHRFATIESMABRE SRRATHNG AT PRI He YRR SHE e are
polymerized. i wtheispatymesizedria ik phase (substantially solvent free) or solvent phase, the
monomers are polymerized via an appropriate initiation mechanism. Many of such mechanisms are
yvell known in Hb%ﬁ'ﬁh EPW@WF‘.‘ @g@ 200 [ E;?%Eggﬂu%gQQQIOOOSQ? temperature may be_
increased to activate a thermal initiator, %hotomlt tors may be activated by exposure to appropriate
wavelength of light, or the like, According to numerous embodiments, the mopomer or. monomer
mixturg’ﬁ%%re%ﬁdgﬁ?g‘ﬁvlﬂghha’fﬁe cOFAGEpre Bl ocdi i tder iEPERAE protCRIBK ®ich as
nitrogen proteetidi Kgaay esddoxy gl nbibitiadedSuiiad|lent Pnkghitanhirtédcvidingasupratection may
increase polymer. canversion,.jnsure cogting integrity and reduce. cytotendcity. [0095] J.he cured
synthetic swel largitee%%oethﬁ)%‘é’rig/‘&teel}%?/%& r%%gytggwcffsﬁ%iesaf\’ﬁiﬁ? Sé%%/%r(ﬁ 8%1% ocr0¥r§1sc{)§3[én§r%g§ %(r)ﬁremove
impurities such as unreacted monomers or low molecular weight polymer species. In various
embodiments, the layer is washed with ethanol or aff ethanol-water solution, e.g.-70% ethanol, greater
than 90% ethanol, greater than 95% ethanol or greater than about 99% ethanol. Washing with a 70%
ethanol solvent may not only serve to remove impurities, which may be cytotoxic, but also can serve to
sterilize the surface prior to incubation with cells. [00961 Swellable (meth)acrylate layers produced in
accordance with the teachings herein form a single polymeric matrix layer. While such layers may

include local variations in structure and properties, the variations tend to be random, as opposed to
intarneneatratinn netwaorke deceribed hyv othare Ac dicericead abhove in manvy emhbhodimente A



WO 2009/099555PCT/US2009/000597 converting it to an amine reactive NHS or sulfo-NHS ester,
allowing for a two step procedure. Following activation of the swellable (meth)acrylate layer, the
polypeptide may then be added and the terminal amine of the polypeptide can react with the amine
reactive est&GitEStable amide bond, thus conjugating the polypep®dd A& tHe/aléNable
(meth)acrylate layer. When EDC/NHS chemistry is employed to conjugate a polypeptide to the
swellable (meth)acrylate layer, the N-terminal amino acid is preferably an amine containing amino acid
such as lysine, gifiiaeiamnphuvic-acid,ALdiRMIRgRIRPiRDICc ﬁ&%@ﬁ@?%@@%@g&epwble

nucleophile may be employed, such as hydroxylamines, hydrazines, hydroxy s, and the like. [0098]

EDC/NI-IS chertEH§ &M< iri<saio 96 ABPR CRSSS FIIRG Brb Sy HHtRfE 0 T SR fa i S 1Pth)acrylate

layer 20. Linkersi:spagsismerenas ebieinyene -ghmahhinkets teme: myailRbiefiemduanta
BioDesign, Ltd.gﬂ\rz\vith a terminal amine_mﬁ?/ %e added.tg the N-t rrg:rn?%@mino acid of olx eptide 70.
When adding a TRREFS RS OR Airiatvinh LIRS RAARiE SreroRiBlf SNBBLHiGEPEGx-acid
where PG is a pigteginggiaapaadchcastheFpnoe-gioitpnthe B@ehgtoup, the CBZ group or any other
group amenable to peptide synthesis and X is 2, 4, 6, 8, 12, 24 or any other discrete PEG which may

be avai'gpj@.] [0698] JreyvariousmBodimeniR:a 12, M.n 2598V palyReryde diid cempostion, such

as a solution, suspension, or the like, is contacted with an activated swellable (meth)acrylate layer to

conjugate the p BEde R EREARS estE (56Kbe phitfe LBHESH RO APRET HEBRRI-ET 288Ut 100 pM
and about 2000piiMtehetvvegabortHRRBdandaRoutchaRR-HV: @iraawRH0 pM. It will be

understood that the volume of the polypeptide composition and the concentration may be varied to
achiev sired density of Rolypeptide conjugated to the swellable (meth)acrylate layer. [00100] The
polypeget%ﬁéﬁma?/ be c?%gg %%%%ﬁ&gt a cyclic portion. Any suitable method for forming cyclic
polypeptide may be employed. For example and with reference to Example 4 below, an amide linkage
created HP - cIBfigrRe fed’ 5%iﬂ&fuﬁd¢gﬁWoW%a§bﬁgﬁri%{f@ asiohcn arislentth 29 a free
carboxyl group efiariappEnpiatBAminTRCEHzIde o NSO Witk referenceusExamplediielow, a
.di-sulfide linkage WO 2009/099555PCT/U$2009/000597 may be_created between, free sulfydryl
groups of side gh%%%p%?fo’%r%@%ﬁ%é%ﬁé“ﬁ%’@‘é %%%e?éeecﬁ&g}n@eﬁﬂﬁ?%ﬂﬁgﬁ tséléﬁa igue may
be employed toiformtbyclibaiypeptidessieteriol tidns Widteab)t By wayiofvkdmplelemietibtdsidescribed
in, e.g., W01989005150 loyed rm li lypepti ead-1o:tail i lypeptides,
where the polypept'ijsé_t)zé3 @1{% )Eaagrz%{l%ggg%ﬁ%O%Eg{rﬁéé%gtﬁé%(gg%o%%ﬁrﬁ%ﬂiﬁ%ﬁ tﬁ‘;g%/(rgr%i?r;:f)a%tgerminus
may be employ@étenal difernalivesubwneiclisuficie oririvodR bea diselenitedohdwusihig tivo
selenocysteines graiged aelpiiisy e and, eguandescibed INKAIte elah 1893, Goem. Pharm.
Bull. 41(3):502-6; Koide et al.,1993, Chem. Pharm. Bull. 41(9):1596-1600; or Besse and Moroder,
1997, Journal GTDERTdEScromiangBpes, thamafn 97 [DELHIAL MR MME b IR R KthetitSwellable

(meth)acrylate layet-geatnosaeiugatar nolygeptide [02402) Auerlheulurainttidriiayinga swellable

(meth)acrylate layer with conjugated polypeptide as described aboye may be sgeded with cells. The
cells may be o %ﬁ’cgfﬁfp@.gﬁ%r pgg’f’ SRR HES Bh A8 R)grtc’l’séﬁcé‘géﬂ%%cﬁ’iéﬁ’éﬁal cells,
endothelial cellsplyepatocyties; skeletablor@moothhiukile celtsyiveart milscleiGellsoivtestihal cells,
kidney cells, or cells fr ther organs, stem cells, islet. cells..blood vessel cells hocytes, cancer
cells, primary crerzll%,%;éﬁ w?%s, ?%Eéqﬂfle. ?‘%eemgee—ﬁsourrﬁg% Se ﬁ%&%‘%ﬁgﬁgn gg}ﬁsﬁ%@%@ﬁ?ﬁ%{rﬁan cells,
but may also benpepmethasrriian @&I@sat_ﬂﬁasmmgl, ﬂ@&&p@bpﬂamwg@m@mqmmerous
embodiments, ggels pis SR GRlRHGcS il WdPLstand (0e allieles agels tha have

the ability to continuously divide (se f-renewalj and that are capable of differentiating into a diverse
range of specidiZededis. MigGHEemevamestsatiedsiden cenly eibyisaripowayiotipg@entor
pluripotent stergeceis ibabimmsberigalaiied from an organ or tissue of a subject. Such cells are capable
of giving rise to a fully differentiated or mature cell types. A stem cell may be a bone marrow-derived
stem cgj},gytol r otherwise, a neuronal stem cell, or an_embryopic stem cell. A stem cell may
pe nea e e R B RIS e
cell derived fropee pithslintasrgccipodetissubs suamilidathcombhiond, fiveiehiain arcbithekdigan. In
various embodjentsethed WO 200 /R09RRE RIS 289I000RT stemcalls A Pliringlent stem

cells, such as pluripotent embryonic stem cells isolated from a mammal.” Suitable mammals may
include rodentSRGM-adthild b eraRe dpRtR e MR HORRIRRETE AeniPmARATRANTET M various
embodiments, the swellable (rneth)acrylate - polypeptide layer supports undifferentiated culture of
embryonic stem cells for 5 or more passages, 7 or mare passages, or 10 or more passages. Typically
stems cells are passaged to a new surface after thé}q'éach about 75% confluency. The time for cells
to reach 75% continency is dependent on media, seeding density and other factors as know to those
in the art. It has been found that stem cells cultured as described in the Examples below reach about
75% continency is between about 3 days and about 7 days, generally being about 5 days. [00104]
Because human embryonic stem cells (hESC) have the ability to grown continually in culture in an

undifferentiated state, the hESC for use in this invention may be obtained from an established cell line.
Evamnlec of hiirman emhrvonie ectem call linece that have heen actahliched incliide biit are not limited



WO 2009/099555PCT/US2009/000597 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, eMddEMHHI%ARE mesoderm. The iPS cells, like hESC, also formReRAGRamensen injected into
immuno-deficient mice, e.g., SCID mice. (Takahashi et al., (2007) Cell 131(5):861; Yu et al., (2007)
Science318:5858). [00106] Prior to seeding cells, the cells may be harvested and suspended in a

suitable mediurg, $Ueh 353 SRS LB JERENHIBIGRIS XG0 Le Qulthigdaneasegagrd onto the

surface. For example, the cells may be suspended in an(ii??:rtltured in a serum-containing medium, a
conditioned me&ilﬁgrﬁ’ e Y AR EHEermResdrkondasss Msrein, "chemically-defined medium”
means cell culture media that contains no components of unknown composition. Chemically defined
cell cultjpgszediamayednianiels etsxadishenfs; cahtailne jprdidinsppicras yadesyell péptides of
unknown compggifon. In some efppodinenss, cendiioned media confainsRolipaRIdgs erproteins of
known composi%lon, such as recombinant growth Brmonds. Because a ' components of
chemically-defirffledkndutisk sy @latdn onliec hefiifsak Btierctone) vashpinbgiedcuitlreudorigindagdnd thus

variability in cell fasponge;can fectedugsd. Lra%rs?aﬁ repegucibiling Jncaddiin, thepassibility of

contamination is reduced. Further, the ability to scale up is made easier due, at least in part, to the
factors discusséd SBeRE eth EHNb IR TR TAtcs! RuRurehBWRRTe: dmRieriRIF diRiianik fom
Invitrogen (Invitgagea-&erpesation, 1600 Faraday Avenue, PO Box 6482, Carlsbad, California 92008)
as STEM PRO, a fully serum- and feeder-free (SFM) specially formulated from the growth and

expansi ge bryonic stem cells, Xvivq (Lonza),-and Stem Cell Techpalogies, In¢. as mIeSRTmI
mainter@?wsg mrg i%ﬁ?c!frf: ‘htiman i S@Fﬁodfgl%)sctzg%m @ Fﬁ?(‘)’i%ef]a(fﬁreags r%%%él gvrov?}%h_o%er: %Itﬁré?r actors may
be added to theprigpiptivias Whiohydel|scajegaied b4 danitis tHe syatbeniesvasiabdetidse ) aetylate layer
conjugated to pgﬂy&%gt&%%j(éé@a-Jﬁﬁef%%%syép% faciitaie.celhdlrnpralitesation. aghesion,eq

self-renewal, differentiation, or the like. Examples of factors that may be added to or included in the
medium includehﬁﬁa@@|‘@W%@’ém%am@v%@nww%%cLﬁawéﬁ@&m}a&%mﬁ%&%ﬂmc; F),
interleukins, neryg prwth faelohdNEhicerRraRRietimpRlatRlet R 70 may be cyclic or linear,
2009/099555PCTIUS20091000597 derived growth factor (PDGF), epidermal growth factor (EGF),
activin A (ACT) SURAYROBRTRCRI9RS At Gpo G E S PBR AP FHERES F}@ﬁ‘h%ﬂ?%{cid (RA), interferons,
fibroblastic growth factors, such as basic fibroblast growth factor (bFGF), bone morphogenetic protein
(BMP), i98pdibe Yrovitls faomrsehepfatihidtirigsgrowitbefdslor (B GEpegratdsyteagrdwitisfaétor, tumor
Necrosis factof%@%ﬂ&#&%@f(ﬁ%féﬁm%@@cbm' hrapsiemipggrowihfaginis shehas

transforming growth factor-P p1), and colony stimulating factors. 100108] The cells may be

seeded at any SttEsfe CopEEtratsHatryHically, i#ecre b saetedft 2HotRABDEORRIEFEM2 of
substrate to abeyh50Q,0Rtells/cn e FaiRamplescellsMayhrsegdad - abewt BRRGMGells/cm2 of

substrate to about 150,000 cells/cm2. However, higher and lower, concentrations may readily be used.
The incubation HREPAHE Y RABORS S PEE tg?nﬁ‘é%fé‘tu@", é’b%‘ﬂ&f&fré% 3 gf&ﬁﬁ?ﬁl@%@l‘ﬂ% and the
like, will dependimshendtidresefifiemelsheihgayltucechanshean badeadtyomodifiedcabbexgimount of
time that the cells ar(gcin(‘tgbated on Otpn% surf, ceg‘rlrﬁ%)ga}r1 e ;%gi?ﬁ g%atlge %l r%srpoglpe%emdesired.
[00109] The culflifed ¢e slrfﬁ%% Beeed or ar?'y suita eIe%ur;ﬁc‘?se, holudin z% og}amlng sufficient
amounts of undiffereplicted sthrmydis clifuiteblohyaimphitieticnsthiauasie anchemtcaliyciistined medium
il diemaciaudevaiennRbeRRinypes 0 tiniesiieationgisiucies of

for use in invesﬂlgg;'
the cells in culture, (iii) for'developing therapeutic uses, (iv) fortherapeutic purposes, (v) for studying

gene expressioBlyeq. Bty athsy BEikes Tt isiead dhel (@D fdr SuTeR)p GERGYERE o BriRPRREening.

[001101 As desgriRssdisBag delriinthadExrmplesPelowsd hashaemionaddhatihe pagifferentiated
state of stem cells, such as embryonic stem cells, can be maintained for 5, 7, or 10 or more passages

on articles havif'h BRrePEis RSO A% RDBSHAEAsP5 898 8P dPe, B09B of AiSré70%6 or
more, or 80% oryufighdidieeelisciein@imandiffere BiaiedBiet eachipissagrofne shitdbldavay to
determine Whetherageiells%re ndif.ferentlated IS to de%grmint th%%fr sence oLth g&;’?n@g{rléer, e.g. as
described in mJf& getall et \?\f%:ﬂ%’eq%?gf%ﬂ%@glrﬁl/ari{)mu% e)rzﬁ (%lF:nqu“{ln({s,If.‘l]ﬂler W

2009/099555P @3l 82 09810005972 iatdiffenetifateri stelms:cés chitemplen SloBgurfaicesfbe 5, 7, or 10
or more passagescialn the, ALY, (0 ATRGERTRICY, OISR ths Rlowing, ao7-Upiing examples
are presented, which describe various embodiments of the articles and methods discussed above.
EXAMPLES 1001121 EXAMPLE 1: Coating Preparation f001131 Swellable (meth)acrylate coating
surfaces were prepared from LTV polymerizable mandmers and include a hydrophilic monomer, a

- carboxyl group containing monomer, and a crosslinking monomer. Table 1 shows the combination of
swellable (meth)acrylate monomers employed. As shown in Table 1, formulations SA IA and SA | have
the same monomer composition. They differ from each other in that SA1A is diluted in ethanol in a
0.1% concentration v/v while SAl is diluted in ethanol in a 0.25% v/v concentration or higher. The

dilutions of monomers diluted in ethanol are shown in Table 3. Table 2 shows the chemical structures
nf the monomeaere 1icaead Tahle 1-wellabhle (fmethYacrviate formiilationone emnloved



Formulation No. Hydrophilic Monomer (vol. %) Carboxyl group containing monomer (vol. %)
Crosslinking monomer (vol. %) SA1Aor SA1 hydroxyethyl methacrylate (80) 2-carboxyethyl acrylate
(20) Tetra(ethylene glycol) dimethacrylate (3) SA3 hydroxyethyl methacrylate (60) 2-carboxyethyl
acrylate (40"e&RAAPRAENe glycol) dimethacrylate (3) PCT/US2009/060597 '

pyrrolidone, acrylamide, 3-sulfopropyldimethyl-3-methylacrylamideopropyl-
ammoniur, and the like. Regardless of whether a (meth)acrylate monomer or other
monomer is employed, a hydrophilic monomer, in various embodiments, has a
solubility in water of 1 gram or more of monomer in 100 grams of water. Any
suitable di- or higher-functional (meth)acrylate monomer, such as tetralethylene
glycol) dimethacrylate or tetra(ethylene glycol) diacrylate, may be employed as a
cross-linking monomer. Any suitable (meth)acrylate monomer having a carboxyl
functional group available for conjugating with a polypeptide 78 after the monomer is
incorporated into the SA coating 20 by polymerization may be employed. The
carboxyl fupctional group enables conjugation of a peptide or polypeptide using
NHS/EDC chemistry. Examples of suitable carboxyl group-containing {methjacrylate

include 2-carboxyethyl acrylate and acrylic acid.

{0855] In various embodiments, the SA layer 20 is formed from monomers comprising (by
percent volume): hydrophilic (meth)acrylate monomer (~60-90), carboxyl group-
containing (meth)acrylate monomer (~10-40), and cross-linking (meth)acrylate
monomer (~1-10), respectively. It will be understood that the equilibriurmn water
content (EWC) of the SA laver may be controlled by the monomers chosen to form
the SA layer. For example, a higher degree of hydrophilicity and a higher percentage
of the hydrophilic monomer should resuit in a more swellable SA layer with 2 higher
EWC. However, this may be attenuated by increasing the percentage, or increasing
the functionality, of the cross-linking monorﬁer, which should reduce the ability of the
SA layer to swell and reduce the EWC.

[0056] In various embodiments, the specific monomers employed to form the SA layer and
their respective weight or volume percentages are selected such that the resulting SA
layer has an EWC of between about 5% and about 70%. Due in part to the use of a
carboxyl containing monomer in the SAs of various embodiments described herein,
the EWC may be pH dependent. For example, the EWC of particular SAs may be
higher m phosphate buffer (pH 7.4) than in distilled, deionized water (pH ~3). In
various embodiments, the EWC of an SA layer in distilled, deionized water is the
EWC (in water) of SAs of the present invention may range between 5% and 70%,
between 5% and 60%, between 5% and 50%, between 5 and 40%, between 5% and

-2 .



SAGS poly(ethylene glycol)(600) dimethacrylate (80) 2-carboxyethyl acrylate (20) SAl | hydroxyethyl
methacrylate (90) 2-carboxyethyl acrylate (10) Tetra(ethylene glycol) WO
2009/099555PCT/US2009/000597 dimethacrylate (3) SAI 2 hydroxyethyl methacrylate (70)
2-carboxyetyPacsyleaEsI30) Tetra(ethylene glycol) PCT/US2009/000597

35%, between 10% and 70%, between 10% and 50% between 10 and 40%, between
5% and 35%, between 10% and 35% or between 15% and 35% in water. In further
embodiments, after the swellabie (meth)acrylates have been conjugated with peptides
(SAP), the EWC of embodiments of SAPs of the present invention may be, for

example, between 10 — 40% in water (data not shown}.

[0657} In cell culture, prepared surfaces are exposed to an aqueous environment for extended
periods of time. Surfaces that absorb significant water, surfaces that are highly
hydrogel-like, may tend to delaminate from a substrate when exposed to an aqueous
environment. This may be especially true when these materials are exposed to an
aqueous environment for extended periods of time, such as for 5 or more days of cell
culture. Accordingly, it may be desirable for SA and SAP layers to have lower EWC
measuremernts, so that they do not absorb as much water, to reduce the likelihood of
delaminating. For example, SA surfaces having an EWC below 40% may be
particularly suitable for supporting cells in culture, including human embryonic stem

cells.

[0¢58] Tt will be understood that the conjugation of a polypeptide 76 to an SA layer 26 may
affect the swellability and equilibrium water content (EWC) of the SA layer,
generally increasing the EWC. The amount of polypeptide conjugated to SA layers
tends to be variable and can change depending on the thickness of the SA layer.
Accordingly, the EWC of a SA-polypeptide layers pfepared in accordance with a
standard protocol may be variable. For purposes of reproducibility, it may be
desirable to measure the EWC of SA layers prior to conjugation with a polypeptide.
With this noted, in some embodiments, after the SAs have been conjugated with
polypeptides (SA-polypeptide), the EWC of embodiments of SA-polypeptide layers

may be between about 10% and about 4(0% in water.

60591 In various embodiments, the SA layer 20 includes polymerized (meth)acrylate
monomers formed from a mixture including hydroxvethyl methacrylate, 2-
carboxyethylacrylate, and tetra(ethylene glycol) dimethacrylate. In numerous
embodiments, the ratio (by volume) of hydroxyethyl methacrylate, 2-
carboxyethylacrylate, and tetra(ethylene glvcol) dimethacrylate used to form the SA

-13 -



dirnethacrylate (3) SA13 Hydroxypropyl methacrylate(80) 2-carboxyethyl acrylate (20) Tetra(ethylene
glycol) dimethacrylate (3) SA14 2-Hydroxyethyl acrylate(80) 2-carboxyethyl acrylate (20)
Tetra(ethylene glycol) dimethacrylate (3) SA 15 1-vinyl-2- pyrrolidone(80) 2-carboxyethyl acrylate (20)
Tetra(ethylemeoghypatytimethacrylate (3) SA16 Hydroxyethyl methacrylate-@03 466 ae@xyethyl
acrylate (20)

layer 20 1s about 80/20/3 (v/v/v), respectively. In some embodiments, the SA is
formulated using the following liquid aliquots of monomers (by volume):
hydroxyethyl methacrylate (~60-90), 2-carboxyethylacrylate (~10-40), and
tetra(ethylene glycol) dimethacrylate (~1-10), respectively. In  numerous
embodiments, the SA layer 20 consists essentially of polymerized hydroxyethyl
methacrylate, 2-carboxyethylacrylate, and tetra(ethylene glycol) dimethacrylate
monomers. In various embodiments, the SA layer 20 1s substantially free of

polypeptide crosshinkers.

[0660] In numercus embodiments, the SA is formulated using the monomers (by volume for
ligwid monomers or weight for solid monomers): Monomer X (80), 2-
carboxyethylacrylate (20), and tetra(ethylene giycol) dimethacrylate (3). Monomer X
1s: Hydroxypropy! methacrylate, 2-Hydroxyethyl acrylate, 1-vinyl-2-pyrrolidone,
di(ethylene glycol) ethy! ether methacrylate, acrylamide, ethylene glycol methyl ether

methacrylate, or 3-sulfopropyldimethyl-3-methacrylamidopropyl-ammonium.

[0861] Any suitable polypeptide 70 may be coniugated to the SA layer 2. Preferably,
polypeptide 70 includes an amino acid capable of conjugating to the SA layer 26; e.g.
via the free carboxyl group formed from the carboxy! group-containing (meth)acrylate
monomer. By way of example, any native or biomimetic amino acid having
functionality that enables nucleophilic addition; e.g. via amide bond formation, may
be included in polypeptide 70 for purposes of conjugating to SA layer 26. Lysine,
homolysine, ornithine, diaminoproprionic acid, and diaminobutanoic acid are
examples of amino acids having suitable properties for conjugation to a carboxyl
group of the SA layer 20. In addition, the N-terminal alpha amine of a polypeptide
may be used to conjugate to the carboxyl group, if the N-terminal amine is not
capped. In various embodiments, the amino acid of polypeptide 7¢ that conjugates
with the SA layer 20 is at the carboxy terminal position or the amino terminal position

of the polypeptide 70.

[00662] In numerous embodiments, the polypeptide 70, or a portion thereof, has cell adhesive
activity; i.e., when the polypeptide 70 is conjugated to the SA layer, the peptide
allows a cell to adhere to the surface containing the SA-P layer. By way of example,
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Tetra(ethylene glycol) dimethacrylate (I) SA17 Hydroxyethyl methacrylate (80) 2-Carboxyethyl acrylate
(20) Tetra(ethylene glycol) dimethacrylate. (10) SA 18 Di(ethylene glycol) ethyl ether methacrylate(80)
2-carboxyethyl acrylate (20) Tetra(ethylene glycol) dimethacrylate (3) SA 19 Acrylamide(80)
2-carboxyetMf? B/REX20) Tetra(ethylene glycol) dimethacrylate (3)  PCT/US2009/000597

the polypeptide 70 may inchide an amino sequence, or a cell adhesive portion thereof,
of collagen, keratin, gelatin, fibronectin, vitronectin, laminin, or the like. In various
embodiments, polypeptide 70 includes an amino acid sequence of
YaaXas,ArgGlyAspXaay, Yaz, (SEQ ID NO:1} (RGD) where Xaa and Yaa represent
any amino acid, synthetic or naturally occurring and n and m can be any integer
including 0. SA layers as described herein provide a synthetic surface to which any
suitable adhesion polypeptide or combinations of polypepiides may be conjugated,
providing an alternative to biological substrates or serum that have unknown
componenis. In current cell culture practice, it is known that some cell types require
the presence of a biological polypeptide or combination of peptides on the culture
surface for the cells to adhere to thé surface and be sustainably cultured. For
example, HepG2/C3A hepatocyte cells can attach to plastic culture ware in the
presence of serurn. It is also known that serum can provide polypeptides that can
adhere to plastic culture ware to provide a surface to which certain cells can aftach.
However, biologically-derived substrates and serum contain unknown components.
For cells where the particular component or combination of components (peptides) of
serum or biologically-derived substrates that cause cell attachment are known, those
known peptides can be synthesized and applied to an SA layer as described herein to
allow the cells to be cultured on a synthetic surface baving no or very few

components of unknown origin or composition.

[0063] In some embodiments, peptide 70 includes an amino acid sequence of
YaaXaa,ArgGlyAspXaay,Yaza (SEQ ID NO:1), where n is an integer of 0 to 4, m 18
an integer of 0 to 5, 1 is 0 or 1 provided that the peptide 74 includes at least one Yaa,
each Xaa is independently any native or biomimetic amino acid, and Yaa is any native
or biomimetic amino acid, where either Xaa or Yaa has functionality that enables
nucleophilic addition; e.g. via amide bond formation, to a free carboxyl group of SA
surface. In various embodiments, Xaa or Yaa may be lysine, cysteine, homocysteine,

peniciliamine, ornithine, diaminoproprionic acid, or diaminobutanoic acid.

[0064] In some embodiments, polypeptide 70 includes an ammo acid sequence of
ZaaXaaArgGlyAspXaa,Baa (SEQ ID NO:2), where n is an integer of 0 to 4, m is an

integer of 0 to 5, each Xaa is independently any native or biomimetic amino acid, and
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SA20 Ethyleneglycol methyl ether methacrylate(80) 2-carboxyethyl acrylate (20) Tetra(ethylene glycol)
dimethacrylate (3) SA21 3-sulfopropyldirnethy1-3- methacrylamidopropyl- ammonium(80)
2-carboxyethyl acrylate (20) Tetra(ethylene glycol) dimethacrylate (3) SA22 Di(ethylene glycol) ethyl
ether methati§teaEFHydroxyethyl methacrylate(40) 2-Carboxyethyl act{IEESI2@) 0T tatethylene
glycol) dimethacrylate. (3)

Zaa and Baa are each independently any native or biomimetic amino acid having
covalent bonds formed between atoms of their respective side chains to form a cyclic
polypeptide or portion thereof. In various embodiments, Zaa and Baa are linked via a
disulfide bond. For example, Zaa or Baa may be cysteine, homocysteine or
penicillamine. In some embodiments, Zaa and Baa are linked via an amide bond. For
example, one of Zaa and Baa is an amino acid with a side chain having a free amino
group, such as lysine, ornithine, diaminoproprionic acid, or diaminobutanoic acid, and
the other of Zaa and Baa is an amino acid with a side chain having a free carboxyl
group, such as aspartic acid, glutamic acid, or homoglutamic acid. In some
embodiments, a polypeptide 76 according to SEQ ID NO:2 may be further defined as
including an amino acid sequence of YaaXaanZaaXaa,ArgGlyAspXaanBaa
Xaag Yag (SEQ 1D NO:3), where n is an integer of 0 to 4, m is an integer of 0 to 5, [ is
0 or 1 provided that the polypeptide includes at least one Yaa or Xaa, each Yaa and
Xaa is independently any native or biomimetic amino acid, and Zaa and Baa are each
independently any native or biomimetic amino acid having covalent bonds formed
between atoms of their respective side chains to form a cyclic portion of the
polypeptide, and Yaa or Xaa is any native or biomimetic amino acid having
functionality that enabies nucleophilic addition; e.g. via amide bond formation, to a
free carboxyl group of SA layer. While not intending to be bound by theory, it is
believed that cyclization of a polypeptide containing an RGD sequence may help
maintain a conformation structure in aqueous environments to preserve biologic
function relative to linear counterpart polypeptides, particularly when the

polypeptides consist of relatively few amino acids; e.g. less than 10.

[0065] In some embodiments, polypeptide 7¢ comprises an amino acid seguence of
LysGlyGlyAsnGlyGluProArgGiyAspThrTyrArgAlatry (SEQ 1D NO:4). In some
embodiments, polypeptide 7¢ consists essentially of an amino acid sequence of
AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:5). In some embodiments,
peptide 70  consists essentially of an amino acld sequemce of
LysGlyGlyLys' AsnGlyGluProArgGlyAspThrTyrArgAlaTyrAsp!’ (SEQ ID NO:6),
where Lys® and Asp'’ together form an amide bond to cyclize a portion of the
polypeptide. In some embodiments, peptide 70 consists essentially of an amino acid

sequence of LysGlyGlyLys4GiuProArgGIyAspThrTryA.rgAspi3 (SEQ ID NO:7),
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WO 2009/099555PCT/U52009/000597 SA23 Acrylamide (40) Hydroxyethyl methacrylate(40)
2-Carboxyethyl aerylate (20) Tetra(ethylene glycol) dimethaerylate. (3) SA24 Ethylene glycol methyl
ether methacrylate (40) 2-Hydroxyethyl methacrylate (40) 2-Carboxyethyl acrylate (20) Tetra(ethylene
glycol) dimethaepjrite?ss) SA25 3-sulfopropyldimethyl-3- methacrylamid &§FBp§roeapAasHTium inner salt
(40) Hydroxyethyl methacrylate (40)

where Lys* and Asp13 together forfn an amide bond to cyclize a portion of the
polypeptide. In some embodiments, polypeptide 70 consists essentially of an amino
acid sequence of LysGlyGinysdAsnGlyGluProArgGlyAspThrTyrArgAlaTerysI7
(SEQ ID NO:B), where Cys® and Cys' together form a disulfide bond to cyclize a
portion of the polypeptide. In some embodiments, polypeptide 70 consists essentially
of an amino acid sequence of LysGinlyCys“GiuProArgGlyASpThrTryArgCysi3
(SEQ ID NO:9), where Cys* and Cys"” together form 2 disulfide bond to cyclize a
portion of the polypeptide. In various embodiments, peptide 70 consists essentially of
an amino acid sequence of XaaGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr
(SEQ ID NO:10), wherein Xaa 1s any amino acid. In numerous embodiments, Xaa of
SEQ ID NO:10 is lysine. In some embodiments, polypeptide' 70 consists essentially
of an amino acid sequence of GlyArpGlyAspSerProLys (SEQ ID NO:11).

[6066] In some embodiments, polypeptide 70 consists essentially of an amino acid sequence

of LysGiyGlyAlaValThrGlyArgGlyAspSerProAlaSerSer (SEQ 1D NO:12).

[0067] For any of the polypeptide sequences discussed herein, it will be understood that a
conservative amino acid may be substituted for a specifically identified amino acid.
A "conservative amino acid", as used herein, refers to an amino acid that is
functionally similar to a second amino acid. Such amino acids may be substituted for
each other in a polypeptide with a minimal disturbance to the structure or function of
the polypeptide according to well known technigues. The following five groups each
contain amino acids that are conservative substitutions for one another: Aliphatic:
Glycine (G), Alanine (A), Valine (V), Leucine (L), Isoleucine (I); Aromatic:
Phenylalanine (F), Tyrosine (Y), Tryptophan (W); Sulfur-comtaining: Methionine
(M), Cysteine (C); Basic: Arginine (R), Lysine (K), Histidine (H); Acidic: Aspartic
acid (1), Glutamic acid (E), Asparagine (N), Glutamine (Q). '

{0068} A linker or spacer 80, such as a repeating poly{ethylene glycol) linker or any other
suitable linker, may be used to increase distance from polypeptide 78 to surface 25 of
swellable (meth)acrylate layer 20. The linker 88 may be of any suitable length. For
example, if the linker is a repeating poly(ethylene glycol) linker, the linker may

contain between 2 and 10 repeating ethylené glycol units. In some embodiments, the
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2-Carboxyethyl acrylate (20) Tetra(ethylene glycol) dimethacrylate. (3) Table 2:Structures of
Monomers 2-hydroxyethyl methacrylate 0 F120,y...t) a-13 ..,..OH 2-Carboxyethyl acrylate 0000 H

Tetra(ethylene glycol) dimethacrylate
WO 2009/099555 PCT/US2009/000597

linker is a repeating poly(ethylene glycol) linker having about 4 repeating ethylene
glycol umits.  All, some, or none of the polypeptides 70 may be conjugated to SA
layer 20 via linkers 8¢. A SA layer chain which provides a conjugation group may
also act as spacer for conjugated peptides. Other potential linkers are polypeptide
linkers such as poly(glycine) or poly{B-alanine).

[0069] Polypeptide 70 may be conjugated to the SA layer 20 at any density, preferably at a
density suitable to support culture of undifferentiated stem cells or other cell types.
Polypeptide 70 may be conjugated to SA layer 20 at a density of between about I
pmol per mm® and about 50 pmol per mm” of surface 25 of SA coating 26, which can
be estimated by the area of surface 15 of base material substrate 3¢ that is coated in
embodiments where surface 15 is uniformly coated by SAP layer 20. For example,
the polypeptide may be present at a density of greater than 5 pmol/mum?, greater than 6
pmol/mm’, greater than 7 pmol/mm®, greater than 8 pmol/mm? greater than 9
pmol/mm?, greater than 10 pmol/mm?, greater than 12 pmol/mm’, greater than 15
pmol/mm’, or greater than 20 pmol/mm? of the surface 25 of the SA coating 20. It
will be understood that the amount of polypeptide 70 present can vary depending on
the composition of the SA layer 24, the thickness of the SA layer 20 and the nature of
the polypeptide 78 itself. As discussed below in the Examples, higher densities of-
polypeptide 70 may be better able to support attachment and proliferation of

undifferentiated stem cells in a chemically defined medium.

[6676] (Meth)jacrylate monomers may be synthesized as known in the art or obtained from a
comrnercial vendor, such as Polysciences, Inc., Sigma Aldrich, Inc., and Sartomer,
Inc. Polypeptides 70 may be synthesized as known in the art (or alternatively
produced through molecular biological techniques) or obtained from a commercial
vendor, such as American Peptide Company, CEM Corporation, or GenScript
Corporation. Linkers 80 may be synthesized as known in the art or obtamned from a
commercial vendor, such as discrete polyethylene glycol (dPEG) linkers available
from Quanta BioDesign, Ltd.

{0071] As shown in FIG. 1B, an intermediate layer 30 may be disposed between surface 15
of base material 1¢ and the SA coating 20. Intermediate layer 30 may be configured

- 18-



Q H Tetra(ethylene glycol) diacrylate 0.,00, "...,cy. r.,...0 H2 poly(ethylene glycol)(600)
dimethacrylate =~ WO 2009/099555PCT/1JS2009/000597

[0072]

[0073]

[0074]

WG 2009/099555 PCTUSIO69/060597

to improve binding of coating 20 to substrate 19, to facilitate monomer spreading, to
render portions of the surface 10 that are uncoated cytophobic to encoﬁrage cell
growth on coated areas, to provide a substrate compatible with a monomer or solvent
where the monomer or solvent 1s incompatible with the base material 18, to provide
topographical features if desired through, for example, patterned printing, or the like.
For example, if substrate 10 is a glass substrate, it may be desirable to treat a surface
of the glass substrate with an epoxy coating or a silane coating. For various polymer
base materials 10 it may be desirable to provide an intermediate layer 36 of
polyamide, polyimide, polypropylene, polyethylene, or poly(methj)acrylate. While
not shown, it will be understood that SA coating 20 may be disposed on a portion of
intermediate layer 30. It will be further understood that intermediate layer 30 may be

disposed on a portibn of base material 10.

In various embodiments, surface 15 of base material 10 is treated, either physically or
chemically, to impart a desirable property or characteristic to the surface 15. For
example, and as discussed below, surface 15 may be corona treated or plasma treated.
Examples of vacuum or atmospheric pressure plasma include radio frequency RF and
microwave plasmas both primary and secondary, dielectric barner discharge, and
corona discharge generated in molecular or mixed gases inchuding atr, oxygen,

nitrogen, argon, carbon dioxide, nitrous oxide, or water vapor.

SA coating iayer 20, whether disposed on an intermediate layer 30 or base material
10, preferably uniformly coats the underlying substrate. By “uniformly coated”, it is
meant that the Jayer 20 in a given area, for exanipie a surface of a well of a culture
plate, completely coats the area at a thickness of about 5 nm or greater. While the
thickness of a uniformly coated surface may vary across the surface, there are no
arecas of the uniformly coated surfaces through which the underlying layer (either
intermediate layer 30 or base material 18) is exposed. Cell responses across non-

uniform surfaces tend to be more variable than cell responses across uniform surfaces.

SA polymer coating layer 260 may have any destrable thickness. In various
embodiments, the average thickness of the coaﬁng layer 20 is less than about 10

micromeiers. For example, the average thickness may be less than about 5
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------- c-f, Hydroxypropyl methacrylate H2co'N/ThDH CH 2-Hydroxyethyl acrylate O
1-vinyl-2-pyrrolidone ----- NO Di(ethylene glycol) ethyl ether rnethacrylate 0 H2CO'---""----r'%0CH3

CH Acrylamide

WO 2009/69955 PCT/US2009/000597

th

micrometers, less than about 2 micrometers, less than about 1 micrometers, less than
about 0.5 micrometers, between about 50 nm and about 300 nm, or about 0.1

micrometers.

{6075] The polymer material forming SA layer 20 may be cross-linked io any suitable
degree. Low degree of crosslinking may result in partial or complete SA layer
dissolution and lower polymerization reaction efficiency. In various embodiments, the

crosslinking density of SA layer 20 is between about 0.9% and about 9%.

[0076] Article 106, in numerous embodiments, is cell culture ware having a surface suitable
for cell culture, such as a 6, 12, 96, 384, and 1536 well plates, jars, petri dishes, flasks,
multi-layered flasks, beakers, plates, roller bottles, slides, such as chambered and
multichambered culture slides, tubes, cover slips, bags, membranes, hollow fibers,
beads and microcarriers, cups, spinner bottles, perfusion chambers, bioreactors,
CellSTACK® and fermenters. In numberous embodiments these cell culture surfaces
are contained in a cell culture well. Referring now to FIG. 2, article 100 formed from
substrate or base material 10 may include one or more wells 56. Well 50 inchudes a
sidewall 55 and a surface 15. Referring to FIG. 2B-C, a SA coating 20 may be
disposed on surface 15 or sidewalls 55 (or, as discussed above with regard to FIG. 1
one or more mtermediate layer 30 may be disposed between surface 15 or sidewall 55
and SA coating 20) or a portion thereof. As shown in FIG. 2C, 55 may be coated
with SA layer 2¢.

[0077] In various embodiments, article 100 includes a uniformly coated layer 20 having a

| surface 25 with an area greater than about 5 mm®. Of course, the surface 25 may be
of any suitable size. When the area of the surface 15 is too small, reliable cell
responses may not be readily observable because some cells, such as human
embryonic stem cells, are seeded as colomies or clusters of cells (e.g., having a

diameter of about 0.5 mm) and adequate surface is desirable to ensure attachment of

sufficient numbers of colonies to produce a quantitative cell response. In numerous
embodiments, an article 100 has a well 50 having a uniformly coated surface 15,

where the surface 15 has an area greater than about 0.1 cmz, greater than about 0.3

cm’, greater than about 0.9 cm?, or greater than about 1cm’.
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0 C H2N2 Ethyleneglycolmethylether methacrylate H2COOCH3 C H3 3-sulfopropyldimethy1-3-
methacrylamidopropyl-ammonium ocH, H3co-/N-ii.,:--7-"---9-0 - a-iCH.,O Isobutyl acrylate 0 H2c ,c Fls
CH3 [00114] Briefly, the monomers were diluted in ethanol to the concentration of (0.1%) or 0.25% by
volume, and Durocur 1173 (3% volume/monomer volume) photoinitiator - 34 -

2. Coating of Synthetic Swellable (meth)acrylate Layer

A synthetic swellable (meth)acrylate (SA) layer may be disposed ou a surface of a cell
culture article via any known or future developed process. Preferably, the synthetic SA

layer provides a uniform layer that does not delaminate during typical cell culture

5 conditions. That is, the SA layer is attached to the substrate or base material. The
synthetic SA surface may be associated with or attached to the base material substrate

via covalent or non-covalent interactions. Examples of non-covalent interactions that

may associate the synthetic SA surface with the substrate include chemical adsorption,
hydrogen bonding, surface interpenetration, ionic bonding, van der Waals forces,

10 hydrophobic interactions, dipole-dipole interactions, mechanical interlocking, and

combinations thereof.

[0086] In various embodiments, the base material substrate surface is coaied according
to the teachings of co-pending application serial no. 12/362,782, filed on even date
herewith, naming Zhoy et al. as inventors, and entitled CELL CULTURE ARTICLE
15 AND SCREENIN’G, which aﬁplicaﬁon .is fxeréby incorporated herein by reference in its

entirety for all purposes to the extent that it does not conflict with the disclosure

presented herein.

In numerous embodiments, monomers are deposited on a surface of a cell culture
article and polymerized in situ. In suchembodiments, the base material will be referred
20  to herein as the “substrate” on which _the synthetic swellable (meth)acrylate material is
deposited. While polymerization may be done in solution phase or in bulk phase, in
embodiments of the present invention, polymerization in bulk phase, in situ
polymerization, vields a cell culture surface that is a networked polymeric surface.
This networked polymeric surface is not an interpenetrating polymeric network. In
25  embodiments, the netwo;;ked polymeric surface provided by in situ polymerization
attaches to the substrate, does not delaminate, and survives in the agueous environment
of cell culture without delamiriating for jﬁeri‘ods of time that are relevant for cell culture.

In embodiments, the monomers are less than 1000 daltons.

As monomers may be viscous, it may be desirable to dilute the monomers in a suitable

30 solvent to reduce viscosity prior to being dispensed on the surface. Reducing



WO 2009/099555PCT/US2009/000597 was added. The diluted monomer swellable (meth)acrylate
formulations were added to a well of a plasma treated cyclic olefm copolymer 96 well plate (prc;ided by
Coming Life Science Development group) at a volume of 2u.L using BioTek Precision Pipetting
System. [00 MBS PRAEHIFEI received a predeteimined swellable (meth)acrytatesmansanveyformulation,
with some wells being coated with MATRIGELTm as a positive control. The coatings were applied to
result in an average thickness of 0.5 micrometers or less. Unless stated otherwise, the resulting

swellable (meth)eistykite ragtalgsahas andverage Higkagss:af ahewt BelypiciomelierswEridfe wells

gme h)acrylate mog)grger formulations, the ethanol solvent was removed by
r

ted with b I i '
cvaporation at roLeL SHAEA (LSO S AR PTG A BafifigeilhereAtlencctredinith

evaporation at room
13mW/cm2 pulsedel00 #4pbY tigiivegX errefRELBO a0 vaniniin AN parsrdbex (Mathflused silica

window). [001164,EQr r of,the swellable (meth)acrylate formulatjons, a well of a 96-well plate
was coated with 5 mic%olﬂl'%%(!;r}f:l,%?])fcd'.}f\l/r/f\:/fﬁort é‘fl?aﬁ%q g% uﬁ)gﬁoé%féryﬂ& PBnBMETEBPY ATRER of 0.25
vIV% ethanol soR#isitothatiylerronisethe kedis|tinbeinStmad alité thofimenemiersrfes Wik (03165
cm2) and a coatipgthickngss af-Qil3020dnigrometsrs, The:various formulations and concentrations
and volumes employed are Iiste%l in Table 3 bello%l}gTabileal?:8 }é\(/)éllﬁgg%r%ﬁgcsrojﬁgftcgrartnﬁzimations and
concentrations\RSISHiER A ep Pl aved o TomaySiricroksesi0IRE %o ian2nminrsliters SALA

SA1 X SA3 X $dMger interferes with polymerization may be desirable. In such circumstances, it may
be desirable that the solvent be readily removable without harsh conditions, such as
vacuum or extreme heat. Volatile solvents are examples of such readily removable

solvents.

[0083] Some solvents that may be suitable in various situations for coating articles as
described herein include ethanol, isopropanol, acetyl acetate, ethyl acectate,
dimethylformamide (DMF), and dimethylsulfoxide (DMSO). As described in co-

&, filed on even date herewith, entitled

pending application serial no.
CELL CULTURE ARTICLE AND SCREENING, volatile solvents, such as acetone,
methanol, ethy! acetate, butanone, acetonitrile, 1sopropanol, and 2-butanol, and
ethanol, may be particularly suitable solvents when it is desired to remove solvent

prior to polymerization.

[0084] The monomers may be diluted with soivent by any suitable amount to achieve the
desired viscosity and monomer concentration, Generally the monomer compositions
used according to the teachings presented herein contain between about 0.1% to about
99% monomer. By way of example, the monomer may be diluted with an ethanol or
other solvent to provide a composition having between about 0.1% and about 50%
monomet, or from about 0.1% to about 10% monomer by volume, from about 0.1% to
about 5% monomer by volume, or from about 0.1% to about 1% monomer by volume,
The monomers may be diluted with solvent so that the swellable {meth)acrylate layer
achieves a desired thickness. As discussed above, if the deposited monomers are too
thick, a non-uniform surface may result and the coating may likely de-laminate after

contact with an aqueous medium.
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WO 2000/099555 PCT/US20069/600597

[0085]

[0086]

[0087]

[0088]

[0089]

In various embodirnents, the synthetic swellable {(meth)acrylate layer is deposited on a
surface of an intermediate layer that is associated with the base material via covalent
or non-covalent interactions, either directly or via one or more additional intermediate
layers (not shown). In such.embodiments, the intermediate layer will be referred to
herem as the “substrate” onto which the synthetic swellable (meth)acrylate layer 1s

deposited.

In various embodiments, the surface of the base material is treated.” The surface may
be treated to improve binding of the synthetic swellable (meth)acrylate layer to the
base material surface, to facilitate monomer spreading on the base matenal surface, or
the iike. Of course, the base material may be treated for similar purposes with regard
to an intermediate layer. In various embodiments, the surface is plasma treated. High
surface energy obtainable from such treatments may facilitate monomer spreading and

uniform coating.

in addition to the monomers that form the swellable (meth)acrylate layer, a
composition forming the layer may include one or more additional compounds such
as surfactants, wetting agents, photoinitiators, thermal initiators, catalysts, activators,

and cross-linking agents.

Any suitable polymerization initiator may be employed. One of skill in the art will
readily be able to select a suitable initiator, e.g. a radical initiator or a cationic
initiator, suitabie for use with the monomers. In various embodiments, UV light is

used to generate free radical monomers to initiate chain polymerization.

Any suitable initiator may be used. Examples of polymerization initiators include
organic peroxides, azo compounds, quinones, nitroso compounds, acyl halides,
hydrazones, mercapto compounds, pyrylium compounds, imidazoles, chlorotriazines,
benzoin, benzoin alkyl ethers, diketones, phenones, or mixtures thereof. Examples of
suitable commercially available, ultraviolet-activated and visible light-activated
photoinitiators have tradenames such as IRGACURE 631, IRGACURE 184,
IRGACURE 369, IRGACURE 819, DAROCUR 4265 and DAROCUR 1173
commercially available from Ciba Speciaitf Chemicals, Tarrytown, N.Y. and
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[0090]

[0691]

[0092]

[0093]

[0094]

WO 2009/099555 PCTAIS2609/000597

LUCIRIN TPO and LUCIRIN TPO-L commercially available from BASF (Charlotte,
N.C.)

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.

in general, the amount of photosensitizer or photoinitiator system may vary from

about 0.01 to 10% by weight.

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

salts, as well as organometallic salts such as ion arene systems.

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. In general about 80%
or more, about 90% or more, about $5% or more, or about 99% or more of the solvent
may be removed prior to polymerization. As described in copending application
serial no. 5 filed on even date herewith, naming Zhou et al. as inventors,

and entitled CELL CULTURE ARTICLE AND SCREENING, 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.

To form the synthetic swellable (meth)acrylate surface, the monomers are
polymerized. 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,
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X SA23 X SA24 X SA25 X [00117] EXAMPLE 2: Polvpeptide conjugation to swellable
(meth)acrvlate surface [00118] In a series of experiments designed to evaluate polypeptide
conjugation to the swellable (meth)acrylate coatings prepared as described above, a mixture of
polypeptide A&y BH&lySerAspProlleTyrLys-NH2 (SEQ ID PCT/US2009/000597
NO:3)/RhodGlyArgGlyAspSerProllefteLys-NH2(SEQ ID NO:4)) was conjugated to a swellable
(meth)acrylate coating of Formulation SA1A (see Tables 1, 2 and 3) comprising 1-

ethy1-343-dim@éﬂﬁﬁﬁﬁﬂ&@%%%l%&%@éﬁi@@ MWQQWQHQ%?%}AMJM&MEH&%@Qﬁégebé'\‘HS)

chemistry. Briefly, 50 p.L of 0.1 mM EDC and 0.05 mM NHS solution in' DMF were dispénsed into a
well of 96-well &GS EBpBfer PRIPEG R RiensthenbbrN tnrstadktaté formimgtion. The

activation of carbexyhgrenpsmasone thip MREeR I kndrhlix AR thendhasivating splution was
aspirated. Im dia?t/gé%laﬁer that, 50 uL of polypeptide solution in 25mM phosphate buffer pH 7.4 were
dispensed into tH& & REF TFE Pl RS, SN WIPS BFRIEEIRI SUSE 8P SUFREFR BERIEBAFhary amine

groups was cateigtesuitab:aphienhinnciiduinbk Snvatidihesibapeptide salyiondias aspirated.

Immediately afltl%r EQ?L %93181" of 1M ethanolamlnem%tH 8.0-8.5in \é/at r were dls)g;ensed into the well

. HICrease €1 CONVETSIOn, IMSUre ¢o. nteors e.mft ! . :
and the blocking reaction was carriad out at ambienttcondition Tor ok, e?%? %mélocklng solution

WO 20(19/099555PCT/ES2009/000597 was aspirated and the well was washed with phosphate
buffer, [P98% D SRottrshs R iR AW riisimsthwardatriavre suonee Washedusittifely asinge @ Tecan

microarray scafpg! iaarmativehsthemaivpeptides were faifigd NithaheQuantiRieBeA assay kit
available from S%%ﬁ a-Aldrich. The pe&tide_solution contained 1000 Qil, 100 MM, 50 MM, 10 MM, 5

MM, 1 MM, or BNV BSYETHE SRERST alfle HPuh Bbe LBt tig ot B3 S iasis ¢ iEih s At surfaces

and tested in hieSthaultukater solution, e.g. 70% ethanol, greater than 90% ethanol, greater than
95% ethanol or greater than about 99% ethanol. Washing with a 70% ethanol solvent
may not only serve to remove impurities, which may be cytotoxic, but also can serve

to sterilize the surface prior to incubation with cells.

{0096] Swellable (meth)acrylate layers produced in accordance with the teachings herein
form a single polymeric matrix layer, While such layers may include local variations
i structure and properties, the variations tend to be random, as opposed to
interpenetrating networks described by others. As discussed above, in many
embodiments, a swellablel (meth)acrylate layer as described herein is polymerized

from monomers in situ while in contact with the substrate of the cell culture article.

[0097] A polypeptide may be conjugated to the palymerized swellable (meth)acrylate layer
via any suitable techmique. A polypeptide may be conjugated to a polymerized
swellable {meth)acrylate layer 20 via an amino terminal amino acid, a carboxy
terminal arnino acid, or an internal amino acid. One suitable technique involves 1-
ethyl-3-[3-dimethylaminopropyl]  carbodiimide  hydrochloride  (EDC)Y  N-
hydroxysuccinimide (NHS) chemistry, as generally known in the art. EDC and NHS
or N-hydroxysulfosuccinimide (sulfo-NHS) can react with carboxyl groups of the
swellable (meth)acrylate layer to produce amine reactive NHS esters. EDC reacts
with a carboxyl group of the swellable (meth)acrylate layer to produce an amine-
reactive (O-acylisourea intermediate that is susceptible to hydrolysis. The addition of

NHS or sulfo-NHS stabilizes the amine-reactive O-acylisourea intermediate by
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Peptide ID Peptide sequence (SEQ ID NO:1) ROD YaaiXaanArgGlyAspXaa",Yaa JSEQ ID NO:2)
cyclic ZaaXaanArgGlyAspXaar'Baa (SEQ ID NO:3) (cyclic with conjugation sites)
YaaiXaa",ZaaXaanArgGlyAspXaa",Baa XaaY aa, (SEQ ID NO:4) BSP (mouse)
LysGlyGlyASHERAYERASFEArgGlyAspThrTyr ArgAlaTyr (SEQ ID NO: 5) BSPCEHE5I&)000597
AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:6)

converting it to an amine reactive NHS or sulfo-NHS ester, allowing for a two step
procedure.  Foliowing activation of the swellable (meth)acrylate layer, the
polypeptide may then be added and the terminal amine of the polypeptide can react
with the amine reactive ester to form a stable amide bond, thus conjugating the
polypeptide to the swellable (meth)acrylate layer. When EDC/NHS chemistry is
emploved to conjugate a polypeptide to the swellable (meth)acrylate layer, the N-
terminal amino acid is preferably an amine containing amino acid such as lysine,
ornithine, diaminobutyric acid, or diaminoproprionic aicd. Of course, any acceptable
nucleophile may be employed, such as hydroxylamines, hydrazines, hydroxyls, and

the like.

[0098] EDC/NHS chemistry results in a zero length crosslinking of polypeptide 76 to
swellable (meth)acrylate layer 20. Linkers or spacers, such as poly(ethylene glycol)
linkers (e.g., available from Quanta BioDesign, Ltd.} with a terminal amine may be
added to the N-terminal amino acid of polypeptide 70. When adding a linker to the N-
termninal amino acid, the linker is preferably a N-PG-amido-PEGx-acid where PG is a
protecting group such as the Fmoc group, the BOC group, the CBZ group or any other
group amenable to peptide synthesis and X is 2, 4, 6, 8, 12, 24 or any other discrete
PEG which may be available.

[0099] In various embodiments, a 1 pM — 2500 uM polypeptide fluid composition, such as a
solution, suspension, or the like, is contacted with an activated swellable
(meth)acrylate layer to comjugate the polypeptide. For example the polypeptide
concentration may be between about 100 uM and about 2000 uM, between about 500
pM and about 1500 uM, or about 1000 uM. It will be understood that the volume of
the polypeptide composition and the concentration may be varied to achieve a desired

density of polypeptide conjugated to the swellable (meth)acrylate layer.

[00100] The polypeptide may be cyclized or include a cyclic portion. Any suitable method for
forming cyclic polypeptide may be employed. For example and with reference to
Example 4 below, an amide linkage created by cyclizing the free amino functionality
on an appropriate amino-acid side chain and a free carboxyl group of an appropriate

amino acid side chain. Also with reference to Example 4 below, a di-sulfide Iinkége
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cyclic BSP LysGlyGlyLys4AsnGlyGluProArgGlyAspThr TyrArgAlaTyrAsp 17, Lysl-Asp 17 amide cycle
(SEQ ID NO:7) cyclic BSP LysGlyGlyLys GluProArgGlyAspThrTyrArg Aspl3, Lys4 -As 13 amide cycle
(SEQ ID NO:8) cyclic BSP LysGlyGlyCys AsnGlyGluProArgGlyAspThr TyrArg AlaTyrCys17,
Cys4-Cys17"isaffeedBinided cycle (SEQ ID NO:9) cyclic BSP PCT/US2609/000597
LysGlyGliCys4G1luProArgGlyAspThrTyrArg Cys17 Cys -Cys13 disulfide bonded cycle (SEQ ID NO:
10) BSP (mouse) XaaGlyGlyAsnGlyGluProArgGlyAspThrTyr ArgAlaTyr (SEQ ID NO: 11) short FN (s-

FN)(human) GlyirgblyAspee 2rabys £2EQIRING p1e)lonasiy d:EN) 4;5}5%8}%% amino acids

in the peptide sequence. Any suitable technique may be employed to form cyclic
polypeptides (or portions thereof). By way of example, methods described in, e.g.,
WO1985005150 may be employed to form cyclic polypeptides. Head-to-tail cyclic
polypeptides, where the polypeptides have an amide bond between the carboxy
terminus and the amino terminus may be employed. An alternative to the disulfide
bond would be a diselenide bond using two selenocysteines or mixed selenide/sulfide
bond, e.g., 25 described in Koide et al, 1993, Chem. Pharm. Bull. 41(3):502-6; Koide
et al 1993, Chem. Pharm. Bull. 41(9):1596-1600; or Besse and Moroder, 1997,
Jourpal of Peptide Science, vol, 3, 442-453.

[00101} 3. Incubating cells on synthetic swellable (meth)acrylate layer containing

copjugated polypeptide

[00102] A cell ‘culture article having a swellable (meth)acrylate layer with conjugated
polypeptide as described above may be seeded with cells. The cells may be of any
cell type. For example, the cells may be connective tissue cells, epithelial cells,
endothelial cells, hepatocytes, skeletal or smooth muscle cells, heart muscle cells,
intestinal cells, kidney cells, or cells from other organs, stem cells, islet cells, blood
vessel cells, lymphocytes, cancer cells, primary cells, cell lines, or the like. The cells
may be mammalian cells, preferably human cells, but may also be non-mammalian

cells such as bacterial, yeast, or plant cells.

{00163] In numerous embodiments, the cells are stem cells which, as generally understood in
the art, refer to celis that have the ability to continuously divide (self-renewal) and
that are capable of differentiating into a diverse range of specialized cells. In some
embodiments, the stem cells are multipotent, totipotent, or pluripotent stem cells that
may be isolated from an organ or tissue of a subject. Such cells are capable of giving
nse to a fully differentiated or mature cell types. A stem cell may be a bone marrow-
derived stem cell, autologous or otherwise, a neuronal stem celi, or an embryonic
stem cell. A stem cell may be nestin positive. A stem cell may be a hematopoeietic
stem cell. A stem cell may be a multi-lineage cell derived from epitheiial and adipose

tissues, umbilical cord blood, liver, brain or other organ. In various embodiments, the
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LysGlyGlyAlaValThrGlyArgGlyAspSerProAla SerSer (SEQ ID NO:13) CYR61 (mouse laminin)
LysGlyG)yGlyGInLysCyslleValG1nThrTlu-Ser TrpSer G1nCysSerLysSer (SEQ ID NO:14) Human
thrombospondin 1 LysTyrGlyLeuAlal euGluArgLysAspHisSer Gly (SEQ ID NO: 15) SN (mouse
laminin) LysBRS&NEEAEAsSnAsnAsnArgTrpHisSerfie TyrlleThr ArgPheGIyASaNEGINS&Y7(SEQ ID
NO:16) AG32 (mouse laminin) LysGlyGlyThrTrpTyrLyslleAlaPheGInArgAsn ArgLys WO
2009/099555PCT/US2009/000597 (SEQ ID NO:17) 068 (mouse laminin)

LysGlyGlyThrSeyfig Qﬁﬁ%@égﬁkﬁ&&y b &l%&ﬂa@é@i@&@ﬁ@bmmc stem cells isolated

from a mammal. Suitable mammals may include rodents such as mice or rats,
primates including human and non-human primates. In varicus embodiments, the
swellable (meth)acrylate — polypeptide layer supports undifferentiated cultore of
embryonic stem cells for 5 or more passages, 7 or more passages, or 10 or more
passages. Typically stems cells are passaged to a new surface after they reach about
75% confluency. The time for cells to reach 75% confluency is dependent on media,
seeding density and other factors as know to those in the art. It has been found that
stem cells cultured as described in the Examples below reach about 75% confluency

is between about 3 days and about 7 days, generally being about 5 days.

[00104} Because human embryonic stem cells (hESC) have the ability to grown continualiy in
culture in an undifferentiated state, the hESC for use mn 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, HI3 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, 3,7 3.2 (derived at the Technion-Israel
Institute of Technology, Haifa, Israel); UCSF-1 and UCSF-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.

[006105] Other sources of pluripotent stem cells include induced primate pluripotent stem (iPS)
cells. iPS cells refer to cells, obtained from a juvenile or adult mammal, such as a
human, that are genetically modified, e.g., by transiection with one or more
appropriate vectors, such that they are reprogrammed to attain the phenotype of a
pluripotent stem cell such as an hESC. Phenotypic traits attained by these

reprogrammed cells include morphology resembling stem cells isolated from a
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C28 (mouse laminin) LysTyrGlyThrAsplleArgValThrLeuAsnArgLeu AsnThrPhe (SEQ ID NO:19) 064
(mouse laminin) LysTyrGlySerGluThrThrValLysTyrllePheArg LeuHisGlu (SEQ ID NO:20) A208
(IKVAV) (mouse laminin) LysTyrGlyAlaAlaSerfieLysValAlaValSerAla AspArg (SEQ ID NO:21) 016
(mouse lamitil2e8ppgpeslyLysAlaPheAsplleThrTyrValArgLeu LysPhe (SBQIVDsSh@2@)54073 with
LysTyrGly linker LysTyrGlyArgLysArgLeuGInValGinLeuSerlle ArgThr (SEQ ID NO:23) RNIA with
linker LysGlyGlyArgAsrilleAlaGlullelleLysAsplle (SEQ ID NO:24)

blastocyst as well as surface antigen expression, gene expression and telomerase
activity resembling blastocyst derived embryonic stem celis. The iPS celis typically
have the ability to differentiate into at least one cell type from each of the primary
germ layers: ectoderm, endoderm and mesoderm. The iPS cells, like hESC, 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).

[001066] Prior to seeding celis, 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 a serum-
containing medium, a conditioned medium, or a chemically-defined medium. As
used herein, “chemically-defined medium” means celi culture media that contains no
components of unknown composition. Chermcally defined cell culture media may, in
various embodiments, contain no proteins, hydrosylates, or peptides of unknown
composition. In some embodiments, conditioned media contains polypeptides or
proteins of known composition, such as recombinant growth hormones. Because all
components of chemically-defined media have a known chemical structure, variability
in culture conditions and thus variability in cell response can be reduced, increasing
reproducibility. In addition, the possibility of contamination is reduced. Further, the
ability to scale up is made easier due, at least in part, to the factors discussed above.
Chemically defined cell cu}turé media are commercially available from Invitrogen
(Invitrogen Corporation, 1600 Faraday Avenue, PO Box 6482, Carlsbad, California
92008) as STEM PROC, a fully serum- and feeder-free (SFM) specially formulated
from the growth and expansion of embryonic stem cells, Xvivo (l.onza), and Stem
Cell Technologies, Inc. as mTeSR™1 maintenance media for human embryonic stem

cells.

[00107] One or more growth or other factors may be added to the medium in which cells are
incubated with the synthetic swellable (meth)acrylate layer conjugated to polypeptide
(SAP). The factors may facilitate cellular proliferation, adhesion, self-renewal,
differentiation, or the like. Exazﬁples‘ of factors that may be added to or included in
the medium include muscle morphogenic factor (MMP), vascular endothelium growth

factor (VEGF), interleukins, nerve growth factor (NGF), erythropoietin, platelet
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AG-73 ArgLysArgLeuGInValGlinLeuSerlleArgThr (SEQ ID NO:25) RNIA peptide
ArgAsnlleAlaGlullelleLysAsplle (SEQ ID NO:26) 016 (mouse larninin)
LysAlaPheAsplleThrTyrValArgLenl,ysPhe (SEQ ID NO:27) Synthetic peptide (scrambled ROD)
ArgGlyGlySEHALBIBAEFyrLys (SEQ ID NO:28) Labeled ROD PCT/US2009/000597
Rhod-GlyArgGlyAspSerProllelleLys-NH2 (SEQ ID NO:29) VN (human)
LysGlyGlyProGInValThrArgGlyAspValPheThr MetPro (SEQ ID NO:30) ROE

derived growth factor (PDGF), epidermal growth factor (EGF), activin A (ACT) such
as activin A, hematopoietic pgrowth factors, retinoic acid (RA), interferons,
fibroblastic growth factors, such as basic fibroblast growth factor (bFGF), bone
morphogenetic protein (BMP), peptide growth factors, heparin binding growth factor
(HBGF), hepatocyte growth factor, tumor necrosis factors, insulin-like growth factors
(IGF) I and 1, transforming growth factors, such as transforming growth factor-f1

(TGFB1), and colony stimulating factors.

[060108] The cells may be seeded at any suitable concentration. Typically, the celis are seeded
at about 10,000 celis/cm” of substrate to about 500,000 cells/cm?®. For example, cells
may be seeded at about 50,000 celis/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 O, levels, growth medium, and the like,
will depend on the nature of the cells being cuitured and can be readily modified. The
amount of time that the cells are incubated on the surface may vary depending on the

cell response desired.

[006109} The culiured cells may be used for any suitable purpose, including (i) obtaining
sufficient amounts of undifferentiated stem cells cultured on a synthetic surface in a
chemically defined medium for use in investigational studies or for developing
therapeutic uses, (i) for iovestigational studies of the celis in culture, (iii) for
developing therapeutic uses, (iv) for therapeutic purposes, {v) for studying gene
expression, e.g. by creating cDNA libraries, and (vi} for studying drug and toxicity

Screening.

[00110] As described in more detail in the Examples below, it has been found that the
undifferentiated state of stem cells, such as embryonic stem cells, can be maintained
for 5, 7, or 10 or more passages on articles having an SA-P substrate. In various
embodiments, 50% or more, 60% or more, 70% or more, or 80% or more of the cells
remain undifferentiated after each passage. One suitable way to determine whether
cells are undifferentiated is to determine the presence of the OCT4 marker, e.g. as

described in more detail below in the Examples. In various embodiments, the
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GlyArgGlyGluSerProlleTyrLys (SEQ ID NO:31) 13SP (modified)
LysGlyCilyAsnGlyGluProArgGlyAspThrArg AlaTyr 1001191 Many of these sequences have a
Lys-Gly-Gly (KGG) amino acid sequence at the N-terminus. The Lys amino acid has a side chain
containing aY @& ¢@ap and is used for conjugating the peptide to the B¢ Rm(ImeEtT)acrylate
coating. The Gly-Gly amino acids were used to serve as a spacer designed to project the putative
ROD epitope away from the coated surface to enable optimal bio-specific interaction of the peptide
with the cell surface receptors, It is conceivable t e linker sequence is.not required or a shorter
sequence can @eéﬁ?tﬁéfé{ﬁmﬁ?% ﬁ'ihgggiﬁgir?}ﬁons-u-r% 2 i%élep Or T0'6F ot passages
2009/099555Pekii Js200a0bodi &mmuizeid based linkers (such as poly ethylene oxide linkers or
the like) may be used as spacers (see, for example, FIG. 6). It will be understood that this sequence

may bgmﬁﬁp%omb%&mmtnQegimgﬁﬁﬁgaf%@mﬂ%ss%@mg, Qlits RIQRemkinventien. 001201
FIG. 3 shows fluorescence data regarding the ability of a mixture of peptides

(AcArgGlyGly SBIesimesiratyheatiets REDBP RIS ArgGlyAspSerProllelleLys-N1-12
(SEQ ID NO:28)) to conjugate to a swellable (meth)acrylate coating of Formulation SA1A prepared as
described above. FIG. 3A is an image of the fluorescence intensity of peptide conjugated to average
approximately 1 micrometer thick layers of the swellable (meth)acrylate coating, in increasing
concentrationsef peptids;from 0 to 1000 uM. FIG. 313 is an image of the fluorescence intensity of

peptide conjugated to average approximately 0.1 micrometer thick layers of the swellable
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WO 2009/099555PCT/US2009/000597 polypeptide conjugation "RUE" is SAP-RUE (SEQ ID NO:30).
ROE is a nonadhesive peptide. [001251 HT-1080cellsadheredspecificallytoadhesivepeptideAc-
LysTyrGlyArgLysArgLeuGlriValGIinLeuSerlleArgThr-NH2 (SEQ ID NO :22) (AG-73) and did not adhere
to surfaces (WxA* B blocked with ethanolamine prior to peptide conjugtior2(ehowssas bAG-73, or
blockedAG-73) or (2) where a nonadhesive peptide Ac-GlyArgGlyGluSerProlleTyrLy-NH2 (SEQ ID
NO:30) (RUE) was conjugated. 100 tiM peptide solution and 10 uM AG-73 peptide solution resulted in
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[00134] FIG. 6 shows the results from the screening assay for peptide support of undifferentiated stem
cells using Formulation SA 1A. Ac-KGGNGEPRGDTYRAYI1*12 (SEQ ID NO:4), the BSP sequence

demonstrated a significant ability to support undifferentiated stem cells (56-60% AttoPhos
fluorescenceMRtENSIAIFH) compared to MATRIGELTm control. Some peptidasweretsstijugated to
PEO spacers/linkers (SEQ ID NO:25 and SEQ NO:26) as follows: NI-I2PE04-

ArgAsnlleAlaGlullelleLysAsplle-N112 (SEQ ID NO:25) or NI-12-PE04-

wibar

LysAlaPheAspieThriyrval r“Leaf.'aIf%:aP“"%NHZ SE 'EQC%%}%G‘ where-th
s'? [tur %

PE012. As showhAda FIG. 7, dolonias o m cells cu gsurface

Ac-KGGNGEPRGDTYRAY-NH2 (SEQ ID NO:4), thel BSPa&dlence ( FIGE?B) Yemonstrate
colony morphology to MATRIGREFRAFIG. 7A) as agsessed by BCIP stainfigotiedeild) or

stem cells wag not observed on the qm{e(lr%% le (meth)acrylate substrate (fa
metnacryiate
7C). FIG.8 shaws AttoPhos easurement

expressed as a percentage of MATRIGEL Tm

DEA ld e DI
PEO-—coutdbeEO4 or
(]

domatatirign

rmulation no. 1) ald

performance, fafSA1 formu|ddbrisigivireragiSing peptidertertditration 6

As shown in F|G. 8, adhesioraschgravdiiat vdifferentated gtem cells on swelfpble (meth)a
formulation SA IA surfaces containing Ac-KGGNGERRGDTYRAY-N}12 (S EQetirdda#) (e
sequence was peptide concentration dependent. Together, these data suggest that

AcKGGNGEPRGDTYRAY-NHESEGEYNO:4), the BSP sequence, conjligated using 1000

1 similar
owth of

ne (FIG.

tHeth@erh@Gand 1000 u.M.

Crylate
BSP

UM

concentration, can support adiesieniaadigyowth of undifferentiated H7 hES cells under chemically

defined mediumrcondition: 1@;%31 RCi uigg naw-tg G, "éﬁ_‘vyay v
(meth)acrylate 8éé¥ing is prépare ant t e cofponehts of e

the swellable (metm&stykie affect
ability of AcKGGNGEPRGDTHRAY PRy iD NOY e HEP seque 1%1—3/?81@%'[ grow

undifferentiated stem cells. Casioiuis innecatedi@yclic olefin copolymer cg

hichrthe-sweltabte

xr_nﬁtga_c

the
th of

2009/099555RCT/US2009/000597 culture ware (plasma treated TOPAS([L0). SA1A is a swellable
(meth)acrylate formulation with and without conjugated Ac-KGGNGEPRGDTYRAY-NH2 (SEQ ID
NO:4) (as identified in FIG. 6} SH&YS RFHATVESwellable (meth)acrylate formulation shown in Table
1 with or withdut conjugated MSKGGNGEPRGDTYRAY-NH2 (SEQ ID NQ:4). MG is MATR1GELTm

control. As showrminmFtG9; FormutationSAS did not providea coatiny that supported undifferentiated
hES cell culture in the presence of chemically defined media comparable to that shown by
MATRIGELTm. Without being limited by theory, this could be because there may be a significant

amount of poly(Bibjdene glycibh.60=withbithoatbaxyethyl acrylate copolymerized at the ends, possibly

creating a brush layer on the SA surface, instead of a network of polymers. As shown in FIG.

AcKGGNGEP:

Formulation SA1A, which showed about 60% of MA
Ac-KGGNGEPRODTYRAY-NI-12 (SEQ ID NO:4), the

QI%ELT AttoPhostgl with conjugated
BSPséquarice(as Shown in FIG. 6 a

As discussed above, the components of Formulations SA1 SA1A were essentially identi

9,

cal, with
ers; SA1l:

only the manner in which the coating layers were prepared diffséring (SA1A:0.1% at 5 microli
0.25% at 2 microhtebeyyathd thitkifess of the coating|may be important. For example, in embg

it may be impgrtant to maintain the SA coating thickness below 0.5um. A
which the swellable (meth)acrylate substrate is prepatézl-

swellable (meth)acrylate structure can affect the ability of a peptide- conjugated swellable

ordingly, the mani
ical compositio

(meth)acrylate SeeietEriereghiseh dmetreatimdifferdntiated stem cells in a chemically defineg

medium. [00136] EXAMPLE 7: Testing of additional SA co&ings ce njugeed to

AcKGGNGEPRGDTYRAY-N1-1, (SEQ ID NO:4). the BS® seque ; ‘Additional swe
- s

(meth)acrylate layers (SA layers or coatings) conjugated to*AcKGGNGE

BDTYRAY-NH2

NO:4), the BSPregguensenweraarenaisd-and tested according to the EXAMPLES above. FI(
s d¢f attachment and growtlj ofClEJ{ndiffe

ent
H7 hES cells t44- WO 2009/099555PCT/US2009/000587 ueidier Chémmicatly defmed-metium

and FIG. 10B iare bar graphs of AttoPhos measurem

on different swglahlgnimethiaaiatedormulations affer conjugated with peptide
Ac-KGGNGEPRGDTYRAY-NK2 (SEQ ID NO:4). The AttoPhos fluorescent intensity (FI) for @

screened surfalBeEWRE Y8 alized to FT of cells on MATRIGELTm (FIG.

(meth)acrylate formulations reported in FIG. 10A and FIG. 10B demonstrated similar or highe

TRICEL

10). All of the swell

diments,
ner in
n and

)

[lable
SEQ ID

5. 10A

rentiated
condition

ells on all
able

-

rad+ta-MAMATRICEL Fra-a + | Pa| H 1l ' AAA Tra-eaalanm In
AttoPhos Fl ¢ mMparettoviATIRToCCTri-Coftrorana - Stimhatr o v T o rmM-CoOtony-Motpn

logy as

assessed by BCIP staining of the cells (data not sho¥n). [00138] For the swellable (meth)acrylate
formulations reported in FIG. 10, the network was polymerized from either highly hydrophilic monomer
such as acrylamide or mildly hydrophilic monomer such as hydroxypropyl methacrylate. The ratio of
hydrophilic monomer ranged from 60 to 90%. The ratio of carboxyl-group containing functional
monomer ranged from 10% to 30%. The ratio of cross-linking monomers ranged from 1% to 10%.
After conjugated with BSP-ROD peptide ACKGGNGEPRGDTYRAY-NH2 (SEQ ID NO:4), all of the

tactad formiilatinne crinnorted cimilar ar hinher hEQC attachment than the nncitinvive control



[00142] In addition, due to the differences in the location of the conjugating amino acid residue within
the peptides the 1-FN and s-FN ROD sequences present the ROD epitope to extra-cellular integrins in
two different and opposing orientations. [00143] In this EXAMPLE, the 1-FN (SEQ ID NO:12), s-FN
(SEQ ID NOMA PHRABERGGNGEPRGDTYRAY-NH2 (SEQ ID NO:4), the’8BPSpaptidesyivere
conjugated to a (meth)acrylate layer made from Formulation SA1 as described in the EXAMPLES
above. AttoPhos studies were performed as described in EXAMPLE 5. The results are shown in FIG.

11. FIG. 11is
conjugated sw|
is the 15-mer f
and 1000- refl¢

g bargraph-showing-Attophos-staining
ellable (meth)acrylate. S-FN is the 7- 1
bronectin peptide WO 2009/099555P(
2ct the input peptide concentration (UM

Ul

u ibrongctin pepti e conjugated acryls

ner.
> T/USP00970005% gated acrylate.
|ngs [00144] As

) for creating these co

ctin

te. L-Fn
10-, 100-
shown in

FIG. 11, the sh
sequence, I-FN
stem cells (relz
YaaiXaanArgG

tfbronectrn sequence (s-FN) is comn
\. yﬁé’%’éﬁ%g %cgee appeared

ative to the fibronectin sequences), it m

\parable in performance to the long fibro

to betté} support the culture of undifferen
atary apgino acid sequences of

nectin
itiated
the form

ilyAstaa" Yam (SEQ ID NO:1) where Xaacand Yaa are any naturally occurrinsg or

synthetic amin
addition/ amid
peptide based
SA | : cyclic p

ID NO:4), the

chemically-de
layer. Without
conformation i
prevalent in v

epitope in the
peptides such
conjugated to

conjugated RCG

f& A?éibl one Xaaor Yaa tras-a IUIILlIUHdIILy that (:‘lldUIEb nuct

bond formation wrth the surface carb
cell culture scaffolds. [00145] EXAMP
ptides [00146] In the EXAMPLES abo

pxyl groups, would be acceptable choice

LE.9: ing ofadditional peptides conj
ve 15- m%r%c’KGGNGEPRGDTYRAY N

3 SRipgptigevesishown to support cul

ined, animal-free conditions when conj

being limited by theory, it may be that

h aqueous media very well. The issue
rv short nonfrdnc To-mimic.the ncmlrl

ture of undifferentiated hESCs in
to a swellable (meth)acrylate pol
5 %ible peptides do not maintain th

of cbgformatlonal instability may be most
0-b

asdieniamasys or octamers. In this EXA
embodiments of SA coatings. [00147]

n ﬁ(?éhﬁ}%‘taﬁiygﬂla@arégﬁtrs&e been dé

5D sequences are conjugated to embodiments of SA coatings Without being lin

\AMPLEScyclic 13 and 17-mer ROD pepti
H&dgition; pohPethylere-oxide (PEO) lif

theory, the ad
projecting the

ethylene oxide units in a PEO linker may reduce non
linker was added to the polypeptide by American Pepii

'iﬁg&gﬁlﬂ&paceriiinker may fmprove-tt
neptide epitope away from the SA coa

e bio-avaitabitity of the peptide epitope
ting. lp addition, the hydrophilic nature of

s ﬁpediL_paptern adsorption to the surface.
R Corhpany in Vista, CA. WO

2009/099555R¢;
at American P
P.O. Box 200,|3%
conjugated to
above. See T3

o ., T Averss
31gbagiviitke Farm Road, Matthews, NC

a swellable (meth)acrylate layer, Form
\ble 5 for cyclic structures. ()

ptrdes used in this EXAMPLE were synt
Chelsea, Vista, CA 92081 or CEM Corpor
C 28106.}j{00149] following peptides

ua AOASHESCrIbed in the EXAMPLL
cr~r3

Ac-LysGlyGly#

SNGIYGIUPTOATgGIYASp Th TyTATgAla

TYr-N1j2 (SEQ 1D NOZ), "BSP7{il)

2ophillic

s for
ugated to
H2 (SEQ

ymer
eir native

ve ROD

eta_tum_ukecordo.tmaoon‘oﬂbe_putaﬁl
2veloped for peptide cyclization using vety short

des are
ker
nited by

by

the
The

hesized
ation,
were

ES

NH2-PE04-AsnGREIRERARBIFRSBThr TyrArgAlaTyr-NH2 ¢(SEQ ID.NO:5), “Jinker BSP"; (ii)
Ac-LysGlyGlyl yis4han@iyGhaBroAgGlsspiiu-TyrArgAl spLZ; N2, L4, Asp17 amidejcycle,
(SEQ ID NO:6), "cyclic BSP 17-mer"; (iv) Ac-LysGlyGlyLy&4GluProArgGlyAgpTlarTyrArgAspl3-NH2,

Lys4-Aspl3 a

mide cycle, (SEQ ID NO: 7) "cyclic BS

ro Arg Gly AspT, tébb‘@f |y|L, y-s-17-NH2; Cysé-=
"disulfide-BSP, 1 éﬁ\ m%n as FORMULA 4; and
GIyAspThrTyrArg Cysl7-NH2, C ysti -C y s 13 disulf
13-mer". Table 5

Cyst7-disutfide-bonded-—cycte; (SEQ 1D

Vi) Ac- Lys Gl yGlyCys4G1uP roArg
decb ed cyccl:el (SEQ ID NO:9), "disulfi
JLQ o

CHy

[66114] Bnefly, the monomers were diluted in ethanol to the concentration of (0.1%) or

0.25% by volume, and Durocur 1173 (3% volume/monomer volume) photoinitiator

-34 -

P 13-mer”; (v) Ac-Lys Gly GlyC y s4AsnGlyGIuP
NO:8),

de-BSP



(SEQ ID NO:6) Ac-LysGlyGlyLys4AsnGlyGluProArgGlyAspThr TyrArgAlaTyrAspl7-N112, Lys4-Aspl7
"cyclic BSP 17-mer" amide cycle, (FIG. 13) Gly-Asp ----- A"Thr Pr o\ Tyr A Glu \i?vg GIN/Ala Asn
Ys-17sf) Ac-Lys-Gly -61yCONH2 WO 2009/099555PCTIUS2009/000597 (SEQ ID NO:7)
AcLysGlyGIWY 9388856 ArgGlyAspThrTyrArgAsp 13 -NH2, Lys4-Aspl3ridezeyeietsyclic BSP 13-
me?' (FIG. 13) _

was added. The diluted monomer swellable (meth)acrylate formulations were added
to a well of a plasma treated cyclic olefin copolymer 96 well plate (pm';ided by
-Coming Life Science Development group) at a volume of 2pL using BioTek

Precision Pipetting System.

[00115] Each well received a predetermined swellable {meth)acrylate monomer formulation,
with some wells being coated with MATRIGEL™ as a positive control. The coatings
were applied fo result in an average thickness of .5 micrometers or less. Unless
stated otherwise, the resulting swellable (meth)acrylate coatings had an average
thickness of about 0.1 micrometers. For the wells coated with swellable
(meth)acrylate monomer formulations, the ethanol solvent was removed by
evaporation at room temperature for 3 hours in a fume hood. The coatings were then
cured with 13mW/em® pulsed (100 Hz) UV light (Xenon RC-801) for 1 min in N
-purged box (with fused silica window).

{00116} For a number of the swellable (meth)acrylate formulations, a well of a 96-well plate
was coated with 5 microliters of 0.1v/v% ethanol solution of acrylic monomers or 2
microliters of (.25 v/v% ethanol solution of acrylic monomers, resulting in 3
nanoliters of monomers per well (0.3165 cm®) and a coating thickness of 0.13-0.20

micrometers. The various formulations and concentrations and volumes employed are

listed in Table 3 below.
Table 3: Swellable (meth)acrylate formulations and concentrations/volumes
applied
Fermulation No. 0.1% at 5 microliters 0.25% at 2 microliters
SATA - X
SAl X
SA3 X
SAS X
SALL ¥
SAILZ hi4
SAIL3 h'e
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,Gly -Asp Ar gr'- NT hr PrATyr \7 Arg GIuNNZ Lys-Asp Ac -Lys -Oly -G iyC 0 M-12 (SEQ ID
NO:8)Ac-LysGlyGlyCys4AsnGlyGluProArgGly AspThrTyrArg AlaTyrCys17-NH2, Cys4-Cys17 disulfide

bonded cycle, "disulfide-BSP 17-mer" (FIG. 12) ,A3ly-Asp.,, ArgThr /1\FrTy \ GluArg \1
Gip\Ala \/ AJFR, 2009/093755 PCT/US2009/000597

SAl4 X

SAlLS X

SAl6 X

SA17 X

SA1E X

SA19 X

SA20 X

SA21 X

SA22 X

SAZ3 X

SA24 X

SA25 X

[60117] EXAMPLE 2: Polypentide conjugation to swellable (meth)acryiate surface

[00118] In a series of experiments designed to evaluate polypeptide conjugation fo the
swellable (meth)acrylate coatings prepared as described abeve, a mixture of
polypeptides (Ac-ArgGlyGlySerAspProlleTyrLys-NH; (SEQ ID NO:3)/Rhod-
GlyArgGlyAspSerProllelleLys-NH; (SEQ ID NO:4)) was conjugated to a swellable
(meth)acrylate coating of Formulation SA1A (sec Tables 1, 2 and 3) comprising 1-

- ethyl-3-[3-dimethylaminopropyl}carbodiimide hydrochloride (EDCY N-
hydroxysuccinimide (NHS) chemistry. Briefly, 50 uL of 0.1 mM EDC and 0.05 mM
NHS solution in DMF were dispensed into a well of 96-well cyclic olefin copolymer
plate coated with swellable (meth)acrylate formulation. The activation of carboxyl
groups was allowed to.proceed for 1-1.5 h, and then the activating solutton was
aspirated. Immediately after that, 50 pL of polypeptide solution in 25mM phosphate
buffer pH 7.4 were dispensed into the well and the reaction between well surface
NHS esters and peptide primary amine groups was carried out at ambient condition
for 1.5h and then the peptide solution was aspirated. Immediately after that, 50 pL of
IM ethanolamine, pH 8.0-8.5 in water were dispensed info the well and the blocking

reaction was carried out at ambient condition for 1.5h. Then, the blocking solution
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1.49 -I:.ds Ac -Ly c, -Gly -GlyCO NH2 (SEQ ID NO:9) Ac-LysGlyG1yCys4G1luPro ArgGlyAsp
ThrTyrArgCys17-NH2, Cys4-Cys13 disulfide bonded cycle, "disulfide-BSP 13-me?' (FIG. 12) ,Gly -Asp
Arg-et NT hr Tyr PrA\i -N., GILLkg 7 .0 ye-C ys Ac -Lys -Gly -Gil,CONH2 [001501 Two chemical
strategies wiie WiRHEH S synthesize cyclic peptides. The first strategy utitizet scamige1inkage
created by cyclizing the free amino functionality on the lysine side chain and free carboxy functionality
on the aspatrtic acid side chain The second strategy utilized a di-sulfide linkage created between the

free sulfhydryl side chalns e two %'Eelne 2 cids in the % e}o/egr'%ﬁ%/l see
W01989005150). 1 AeLE? cycfmuza fons we?é D&r rmeg’b% CERFE é)‘oler‘a RE%E e, (00151

The 13-mer andit@imetcamidedlivkacr cyidliopeptide resultadimitytlicsREDs Thatwenet@rand 14
amino acids, regpect

2009/099555PCT/U

é\fel ég%%?ggfy,h%g %&1%%3@&51 ngn £l g!aSJHIP(gg VYtQ the QuantiPro BCA

assay kit available from Sigma-Aldrich. The peptide solution contained 1000 pM,
100 puM, 50 uM, 10 uM, 5 uM, 1 uM, or 0 uM total peptide.

Table 4: Peptides conjugated to swellable (meth)acrylate surfaces and tested in
hESC culture
Peptide ID Peptide sequence
(SEQ IDNO:1) | RGD YaaXaa,AreGlvAspXaay Yas
(SEQ IDNO:2) | cyclic ZaaXaa,ArgGlyAspXaa,,Baa
(SEQ ID NO:3) {cyclic with YaaXaa,ZaaXaa ArgGlyAspXaa,Baa
conjugation Xaay'Yas
-sites)
(SEQ ID N(:4) | BSP (mouse) LysGlyGlyAsnGlyGluProArgGivAspThrTyr
ArgAlaTyr
(SEQ ID NG:5) | BSP (mouse) AsnGlyGlhuProArgGlyAspThrTyrArgAlaTyr
(SEQ ID NO:6) | cychic BSP LysGlyGlyLys® AsnGlyGluProArgGlyAspThr
TyrArgAiaTyrAsp”, Lys“ué;sp17 amide cycle
J(SEQ ID NO:7y | cyclic BSP LysGlyGlyLys*GluProArgGlyAspThr TyrArg
‘ Asp13 , Lys'-Asp” amide cycle
(SEQ ID NO:8) | cyclic BSP LysGlyGlyCys' AsnGlyGluProArgGlyAspThr
TyrArg AlaTyrCys'’, Cys*-Cys'” disulfide
bonded cycie
(SEQ ID NO:9) | cyclic BSP LysGlyGlyCys' GluProArgGlyAsp ThrTyrArg
Cys'” Cys*-Cys™ disulfide bonded cycie
{(SEQ ID NO:10) | BSP (mouse) XaaGlyGiyAsnGlyGluProArgGlyAspThr Tyr
ArgAlaTyr
{(SEQ ID'NO:11) | short FN (s- GlyArgGlyAspSerProlys
FN)(human)
(SEQ ID NO:12) | Long FN (I-FN) | LysGlyGlyAlaValThrGly ArgGlyAspSerProAla
{(human) SerSer
CYR61 (mouse | LysGlyGlyGlyGinLysCyslieValGinThrThrSer
{SEQ ID NO:13) ! laminin) TrpSer GinCysSerLysSer
Human LysTyrGlyLeuAlaleuGluArgl ysAspHisSer
(SEQ ID NO:14) | thrombospondin | Gly
1
SN {mouse LysGlyGlySerlleAsnAsnAsnArgTrpHisSerlle
(SEQ ID NO:15) | laminin) TyrlleThr ArgPheGlyAsnMetGlySer
AG32 (mouse LysGlyGlyThrTrpTyrLyslleAlaPheGlnArgAsn
(SEQ ID NO:16) | laminin) ArgLys
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linked cyclic peptide resulted in cyclic RGDs that were 10 and 14 amino acids, respectively. [001521
FIG. 12 shows adhesion of HT-1080 to SAP-BSP(cyclic) where the BSP peptide was cyclized by
disulfide bonds (SEQ ID NO:8) and (SEQ ID NO:9),
AcLysGlyGIlyasa@NBRroArgGlyAspThrTyrArgAlaTyr-NH2 (SEQ ID NOr&)/{E3@Bnnisdy; and non
adhesive peptide GRGESPIYK(SEQ ID NO:30) (ROE, 1000mM) normalized to extracellular matrix
protein fibronectin (FN 5mg /mL) coated surfaces. (SEQ ID NO:8) and (SEQ ID NO 9) cyclic BSP
dlSquIde peptld 'bUIIJUUaLCU \III tIIfL\"hr‘ I"fc C‘IIV"FQJ
AcLysGlyGlyAs AP Pﬁ%rG )i Spt ?’ﬁfrArgﬁ
(meth)acrylate.;# showsthat {o-O-D-NO:€
(amid cyclic BSRJE3men amid cli2e §S§P pe
HT-1080 adhesio arhytod L,UIleig’

AR
ﬁc LgﬁGlyGlyAs&%%JﬁB)% gG I%srg 02 ?yrArg}%@ﬂi%—% @E@’ﬁ%‘@% S[%ng?ﬁ}%ult: of
tto 0s staini AT EMDryo ol EITS C et cryjate
layer Wltlh cocrim ﬁg@wm de N: JoQC &eﬁu 5)| W@ﬁ@%ﬁﬁ%ﬁ%%éﬁ%hso

were cultured gn-SA ctonjugated | T CyCl =)
SAP-BSP(cyclic)gthacas0BP vqg{%ﬁgjﬁge% usie hﬁ@%@gﬂgﬁﬁ% er 45\@1 in cultu e on
SAP-BSP (SEQTD NO4) surfaceg ghy wancoat % g%ﬁ%@]@mggﬁgthc BSP
17mer) and (SE#B NG BMIdiouatie BSP 13men),-£alls subjected o AttoPhos assay

MATRIGELTm|-coated substrate waglls were used as posmve control. As shown in FIG. 14, H7 cells
showed similar;adhesion/growthirgsganse on CyCI@ﬁ%@?%?@ﬂWﬁﬁgla SHEARES Mo
significant differesice meeth respoRse Wagepbserved between 13mer and 17mer versions of amide
bond-cyclized SAP-BSP(cyclic) sutacas. The results sy Tgﬁglmm%mggg@gg@g;gycnzed and
liner BSP conjugsisd IDANCan4support adhesion/growth of undifferentiated H7 hESC. 101541 RIG. 15
shows results of AttoPhos stainingmf Awaaniembyeme sien selisdib ) pultured on a swejlable
(meth)acrylate |l&yeOMilINcBRf}gated di-sulfide bgnded, WO 2009/099555PCT/US2009/000597
cyclized polypeptides (SEQ ID N@8) (diesstfide ayiclicARPRemer): ind (SEAMRING:9)Krisulfide cyclic
BSP 13mer) corfiizpd® t SAB SPufSh@) ID NO:4) and MATRIGELTm. Briefly, H7 hESC were, cultured
for 48hours on|$PECOHUYARA WwitRslibeaiccyclic BSP peptides to form SAP-BSP or SAP-BSP(¢yclic)
surfaces. After{48 lirs in culture, ce¢tsivdere fixed a ﬁb@ S FQP Essay As shown in FIG.
15, H7 cells showed similar adheétorsgidedth res )on§ on ¢y a‘?wcﬁmea‘? Sp conjugated SA
surfaces. No difference in cell resiié#de was observed between 13mer and 17mer versions of

SAP-BSP(cycliqrsiaytasesn REgresinaly: @sgfide R% geg@ﬁg’ ; sﬁ%@ﬁﬁ%eﬁ@ﬂ&?ﬁ?ﬂd[eo tigher cell

AttoPhos respenrse-compared-ta linear.SAP-BSP at lower (10 ) concentration (compare ttoPhos

FT for 100 uM &Eﬁ%@coﬁceﬂrqiﬂgﬁ {RuEtEs) 15 aerY ﬁ@’@Y&ﬂ@%‘éﬂWgﬁﬂ?ﬁaﬁﬁk’émﬁodlments,
both disulfide honded cyclic andiliner BSP conjug ™A can support undifferentiated H7
adhesion/growtl(ﬁﬁ@tmyﬁm:m)s DIe@Ewing highe @ﬂﬁ@p@m”ﬂa%rmwmn&wae concentration.

100155] In em Ve vidl o e ||| a-stupstrate
having a surfa¢ §E F%?e eth agry?a ﬁd{/e‘t é on %@és%} ac\é‘rgfq lg%ﬁ??f , Wherein

the swellable meth)acrylate layer is fowled fromja conXposmon comprising a carboxy!l
group-containing (meth)acrylate) monomer, a cross-linking (meth)acrylate monomer, and a hydrophilic

monomer capable of polymerizing with the carboxyl group-containing (meth)acrylate monorfer and the
cross-linking (meth)acrylate monomer; and a peptide conjugated to a carboxyl group resulting from the
carboxyl group-containing monomer of the swellable (meth)acrylate layer. In embodiments, the

swellabl@0ghkhyayy ek despetennenansduuitibrivra- sy dRtefd innnateacdd Lsemema abet!$9% and
about 50% or behween ahaut 19%,aRd AeULAD Yud UBMAAMERS & SRPOHIRN R gonfaining

(meth)acrylate monomer is 2-carboxyethylacrylate. In embodiments, the cross- Ilnklng (meth)acrylate

monomer is tetiQ{etABERIBE LR Hﬁﬁéj(ﬁé@rﬂ’&téﬁ%@?ﬁh(@%ﬁﬁéﬂf@ﬁ%&?%&&yl% fAtedibodiments

LheOI hydrophlllf m?]@m@ms\s@%mff@mﬁme %Qlilﬁ)pﬁ@é}st%&l%@& hb(?%ﬂz}jk{@ctgﬂ(é @@%{ﬁ%yﬁ@el) o
ydroxypropyl methacrylate, 2-hydroxyethyl acrylate, 1-viny rrolidone, di(ethylene glycol) ethy
ether methacryf&& Rsc a¥nf & ﬁﬁ%ﬁédgﬁﬁ%Fﬁf@tﬁ%@ﬁw‘éﬁ’tfﬁl@ﬁﬁ@rﬁ%f&r igteraction of the

sulfopropyldmeiém%m&thlquﬁmmlﬁpmﬁybmmommdﬁbmmrﬁ& theceatiequbice WO

2009/099555P9TLIITJ /OOOS%?rp volugnn%eogatrp crosa “d‘K %]met 0cryla 5nonomertothe
carboxy group-conta |ng meth acryla te3 onomer to the- rophific'm Smér 1 aboutf[‘fOto about

10-40 to about 60-90. Or, in embodiments, the ratio B§ volume, of the cross-linking (meth)acrylate
monomer to the carboxy group-containing meth(acrylate) monomer to the hydrophilic monomer is
about 3 to 20 to 80. In embodiments, the swellable (meth)acrylate layer is free of polypeptide
crosslinkers. f001561 In embodiments, the peptide conjugated to a carboxyl group resulting from the
carboxyl group-containing monomer of the swellable (meth)acrylate layer comprises an amino acid

sequence of YaaXaanArgelyAspXaa,,,Yaa (SEQ ID NO:1), where n is an integer of 0 to 4, m is an
inNteaear of 0Dt 5110 nr 1 each Yaa iec indenandentlyy anyvy nativive or hinmimetic aminna acid and Yasa ic



H7 human embryonic stem cells, cultured as described in Example 4 above, were passaged every 4-5
days (around 75% confluency) using enzymatic sub-cultivation procedure (collagenase IV treatment),
followed by washing with DPBS, scraping and re-suspending in chemically defined culture medium.
Cell colony mgrptistogpgstell number, viability and hESC-specific marker expressionopssfile relative to
cells cultured in parallel with Matrigel surface was assessed at each passage. The doubling time (DT)
on each surface coating was assessed using the following formula where DT=doubling time in hours;
T= total time in gH6edH RS AR ﬁﬁ%ﬂﬂ"&g 58 denribe AR DR s oG e8I NSIt LORMULA
2: DT =T log2/logD - logD0 [00161] FIG. 16 shows results of doubling time experiments for
undifferentiated 3 PAESC S Cu ittt FdRe Mic AV ddimBrriearipad (b tit eetremshdeRtirPEconditions
on a MATRIGE blsesMio)isueieeniilinithc oniug atea definadnii Breantaiaing iestiss, (BSP) (SEQ
ID NO:4), and a SA1 conjugated RGD-containing peptide with a linker (BSP-PE04)

N2 ARG EHOORNASTO T ATARTY, (GEQUD

NO:5) Briefly, H7 hESC were cultured
on SAP-BSP or BSP-PEO4 conjugated SA in tes for 1(—% gc)%ﬁsneléxl?ﬁ%eopa%?%lg%eeg\%g%hemicalIy

defined mediun*xAbEFoSer4pByBleda TGENBR). Cells Gilffdred on MIATR1GENTh2 7p®dxedt substrate
surface were usgf Afpesiivs GoRbialiAL carpasEROsCRIbdeublng dime, cell wiabilify pngkexpression

of Oct4 hESC marker (data hot shown) was assessed. In embodiments, the culture of undifferentiated

stem cells throudiF foPpaddsgeatias oh &iomraintion § Adrinreenirs astdpesibedpsors e Mlfodients,

culture of cells fier bnpaasagest 7{RASHARECIAEPATIANLS: ¥ p&%iﬁge%éﬁgﬁggag@sa@a@@ssages,
14 passages, 15 passages, 16 passages, 17 passages, 18 passages, 19 passages, 20 passages or
longer is consia@%ﬂaﬁgﬁ%ﬁé’# &WSF@%{?% SRoRRTH 0 s é?’f‘?”ﬂﬁ%éﬂ&‘l‘?g%c‘fﬁlégeaﬂﬂﬁaﬂﬁh‘% :
population of ceflsriasingtusmdaayatiesronpypbidedros mixedooel L iypas@ swficignipeseesrtage of cells
in the cell culturﬁ rr}gsge%%rgaip in.tthei{undif_f rentiated state for the passage to be considered
successful. In emBOAMERE ST e SrESENEhVENHSA A% SXGRe%PRALERLER hARKEREESMich retain
a sufficient perdbtadryof adithin thellabhd{ferdmiaiddestaiaisg as iochagdonsioaredanonadifferentiated
population of ¢ Iés [100162] In e di %SGA‘ thod for. culturing,an isolated. population
undh‘ferentiate(;ap s}tjgrlge c%a S, i%?n%s%#%rowd%%eg &t %’lﬂtﬁré’ %Fr’i?% ecﬁfé‘\’i’rﬁ%a IE’& E@ttrgaé?lg&ynthetic
polymer layer dispfset:onrtteistdsimter asdtapeptitel conjhigdted dotheaesynthdtimpotynser layer,

wherein the pepfide gorprises and amingq&id u f RGD.culturing the,undifferentiated stem
cells on the polypeptide conjugated to tlhe syri_tﬁ’se?t_i% [%ﬁ?/?ﬂngt? i\%&@%tﬁeﬂ% ?tggl%ggeh %Ftcl)cqé a
chemically defilREERETF ctilthrachiEisinePaskitp@ntEi Y teetical Suffeu iverfocende asteBsiassages, at
least 10 passaggs @k MLRRASEAYR Pyﬂl&b&%l{ﬁ%@téf%@ocﬁx‘?&h%@yé/s??‘;}%daﬁﬁné’ﬁe;EHE%‘m
comprises basic fibroblast growth factor'and transforming growth factor-13I. In embodiments, the stem
cells are humaBiehnPEBlidss Wernh SAeraRIsh g chf caTRe WSS Thay &ees that PRIideramrembryonic

stem cells. WGn2Q66/029505RC e 099RQQR84J 00483]dnadditianal smpogimsnis ralude a

method for culturi n isolated population of cells, comprising: providing a cell culture article having a
substrate, a swsem%gq@?n@ﬁ%&?ﬁ?’l 8‘I%%Y%p@%%ﬁ%é"é@b%@%?Qi%&aﬁlﬁéﬁﬁﬁ@%}‘ﬁ%}@ated to the
swellable (meth)acriate layersivdiesefersuielialps fmeth@entateilayrivis Jamaedftama:-cqaposition
comprising a cggbso?amgroutp-cgntaining (meth)acrylate monomer, a cross-linking (meth)acrylate

[+ aatings, .. . .
monomer, and aehy rop‘fuﬁc Monomer capable of polymerizing with the carboxyl group-containing
(meth)acrylate monomer and the cross-linking (meth)acrylate monomer, and wherein the peptide

comprit¥e 2o ind shasdefueredorREp QusntiRimE e euns WaistbedholyBEstME lebriugated to
the swellable (meih)assy/tatepaper.aidhe selculinemticieimnd-puliringithe cells 198 shemically

defined cell culture medium to maintain the cells in culture. In embodiments, the cells are

undifferentiated'steHPcalts aheMdirenttRfaRiy amPbet cdrhgigien? eaflsl IrHemboan e, the
method furthertgomprisesinagsagingdne selinlive ai-meiaitinesen addiipnal wetheulisie gfticles in
chemically thegd fined cell culture medium, wherein 50% or more of the cells remain in an
undifferentiate es?ﬁlé”f(;ﬁ) aénr% SEHERS & BRho ropeRenged Bethip dheriiestineajped
embodiments, filvenctienisatycdetinedi ot e e diuvLeampise Buasicdibrelsastgtowit? fastor and
transforming g ‘6’5@5&%85% -al which may be .about 80 ng/ml basic fibroblast growth factor and about
0.5 ng/m1 transforming growth factor-al. f00164] As shown in FIG. 16, H7 hESC doubling time on
SAP-BSP or SAP-BSP-PEO4 surfaces was more consistent compared to the doubling time of cells
culturéaoéﬁ%%@ﬁ?ﬁf et adbeqpncend pealdesatiy PoiifiEally from passage to passage
These fluctuations could be due to lot-to-lot and prep-to-prep inconsistency of MATRIGELTm -coated
surface. Average cell doubling time on SAP-BSP antf SAP-BSP-PEO4 was 41(+/-6) hours, while on
MATRIGELT" average cell doubling time was 50(-1-/-12) hrs, reflecting higher level of inconsistency
on MATRIGELTm surface. [00165] Average cell viability and Oct4-positive cell fraction was identical
on SAP-BSP and MATRIGELTm surfaces: 86(+/-2) % for viability, 92(+/-4) % for Oct4-positive cell
fraction. The results suggest that, in embodiments, SAP-BSP and SAP-BSP-PEO4 surfaces can

support long term culture of undifferentiated H7 hESC, including - 55 - WO
20N0/000EEEPCT/I IK20NAQ1000507 miiltinle naceanina withoniit affeactina call vviahilitxs Oor




[00169] For the results presented in EXAMPLES 12 - 17, cells were cultured on a surface formed from
Formulation SA | of EXAMPLE 1 and EXAMPLE 2 conjugated with Ac-LysGlyGlyAsnGlyGluProArgGly
AspThrTyrArgAlaTyr-NI-12 (SEQ ID NO:4) (BSP) according to EXAMPLE 2. The cell culture surfaces
were prepar@d’28'4@2¥ibed in EXAMPLE 1, unless indicated otherwise. FEOYZSEXAMAPLE 12: Bone
marrow derived hIVISC cells - WO 2009/099555PCT/US2009/000597 [00171] Bone marrow derived
hMSC (Lonza, cat if PT-2501) were expanded in 10%FBS containing standard culture medium

(MSCGMdren) benzaakatd! BR300 an &Iﬁ%%?@'%ﬁ&é%ﬁé@dﬂ -EBaskafoRoNg RARIARR NMSC
CuU

cells generally require 2- 10% serum in their ure media. On day 8, cells were harvested at -80-90%

continency with A HTREICESHih TRIRSPUMY SREHRtSalth SRR 2OSIERIERM2 on
either TCT - PSpholifelapilates fepideo Mg Iofsa welhplatescoatea @iV alGinleuSerlleArg Thr-
Ac-LysGlyGlyAsnGly 0ArgGl hrTyrArgAlaTyr-NH2 (SEQ ID NQ:4)- conjugated swellable
(meth)acrylate 0 5rrr?§’g n I.@é\)@%-%g/st stL" ere $tlidié ‘%fﬁfﬁ 3 PSR madith corations
described belovWiihrSHTGCMS stwedaiy duptiNmdBiEM Hr NGS0)cRGE suppiementeshwith 10% fetal
bovine serum (F; ' I iti ed for in-vitrg culture of h1VISCs. Used in
‘conjunction withv%g)l !(::%Jlili u ?%g?éﬁ%gg%ﬁri%\%@%%%?r?ﬁo%@-ﬁ?\%%ﬁ%i%%gﬁ},ij%sé?% %10332-01),
serum-free meditim! 8&&igraariditosimaee colart. treswathblnicakibiisinet: medizvageiré use with
CellStart humanized £ CMmalrs g%ﬂczqgﬁ@ufaamﬁéé%%&) wuivalt L apzaqcal-# 443 Q) + OF
(OF, growth factors - 20 ng/ml bFGF+0.5 ng/ml TGFb1) [OOl?ﬂrglells were re-fed with corresponding
medium every ZO8Rd5EREEHAN SRR b S5amBLORTS Ao ETb dyo iRy Grotr W AL HieHmi Greebery day .
On day 7 cells whssphaevBstegw ity pep T CelGountvas, pariauedusing EBa08y with

hemacytometer. M supgplemented with 10% FBS is the standard media for in-vitro culture of
hMSC on plastig%%?t%e? W Pg‘%ﬁaﬁagl%edcbﬁl’t%&%rlfhi@%‘fﬁﬁﬁ.‘ o iRreRecerf MR AL
XVivol0+GF (Ldi¥@)M)edianeresthesdmgas ey iwaandibknavsareherdicaly efinaciserum free
media used in thefield, .The StemPro Vﬁ?ﬁ EM media is ifically designegfor the. culture of
hMSCs and'con%gfﬁ?%%gi%?a%‘én ‘SPO}VI\III acl?%r(sMe c%‘ﬂ’éﬁ@%@ﬁa@%&ﬁf& ggr%ﬁh‘g@ With these
standards usingibsitndatural covltaingranidooheridatiyedefinednredianf0ST8FIG rdcppeCinre
photomicrograpiasistiowingigh G grewdy ap;embogimentssof the present igyantion campared to TCT,
in three different media conditions. In FIG. 17A, MSCM+10% FBS media was uséd to culture hMSCs
on SAP-BSP sutfsied b persasisd) arfd e P Hiovie diateayd Mesdad cronsmids seprastasts the
standard - 57- ¥i4R22004089656PIHTUMSR0RR/RA069T Mmedinsenditiopwsed fareqnmersial culture of
hMSC for cIinicgl a #Iicati n%. I%thel middle images, FIG. 17B, MSC-FSEM is StemPrg a specialized
media markete %?p \%ﬁ%%é Corp' fﬂ?eh‘i\ﬂ%c@lffﬂﬁu@ﬁ%ﬁ%ﬁﬁ%ﬁ@ﬁ%?ﬁ?é@&ﬂ&ﬁ%%owth
factors. In FIG. &ih€eXviviis W& E fivas usédtaliid mediaicombiatieysiticamer aten¥vivathasal media,
supplemente! wiih OEGF, s TGbl, 25 deserioer sbove in EXAMPLE 4. 100174] FIG, 174 shows
that in 10% PBS-supplemente media, cells appear similar on S and on
embodiments oﬁhthégSA@iiBMdﬁ@S%éﬁtﬁeibfesémimmtim ol Ghstitguard@ashamehatin the
absence of PBSsSAR- B ahadinents ol elinsyalanic (asiisevaR uaces of the

present invention provide better cell growth than TCT surfaces. FIG. 17 B an ow the morphology

and cell numbePensiFEaitir eehoRseraten WerF 7rerped el it nfbane B DP -StryiamineDiark is
significantly higherghamen Tsldonheth §@&f@é{%@a@;@i9§w@%ﬁgﬂle@msfa@ré)fa@mGF condition
exceeding cell number in 10% PBS condition. In addition, initial cell attachment and spreading (2-20
hrs) w icient in 10% FR diu d to serum-free conditions for bot rfaces. At
later tiiﬁed%%%ﬁtgg(fté;éa?}g ceﬁl%ﬂ%ﬁﬁﬁcﬁ? gﬁﬁi@ﬁ@n& E’l%lcﬁ/%}/é Ssﬁl?r‘?gl?:% %ngglrogeorg%ﬁ-jﬁee
conditions was m@@]éﬁfiﬁéﬂ @nbﬁdimembﬁﬁiﬁﬁeﬂtsf@tdhefpmsmsft_nvmmcmargeldatdéhhéinuIture of
hMSCs In serumdraarnedia. [P0 fabfrle-piitisR brogiarhshawind ScampriizenateG col

number on TCT and BSP(meth)acrylate after 7 days in different defined media conditions, as defined

above. While bBtRtslsreaessserymosmdizschbtythatied prisencbastipBIvin ODAPBSP (B8P peptide

acrylate) surfagepiedes signiticantlydmproved. esll guligrersuniase epmpared Ind GT jpthe
absence of PBS. [00176] EXAMPLE 13: H7 hESC cells
concentrations.  OD570nm measurements were taken, and the readings were

normalized to Laminin adherence. “AG-73" is SAP-AG-73 (SEQ ID NO:24). “bAG-

73”7 is SAP-AG-73 (SEQ ID NO:24) which was blocked with ethanolamine prior to
- 40 -



[00177] In EXAMPLES above, the use of embodiments of swellable (meth)acrylate surfaces
conjugated to peptides for in-vitro expansion of hESCs was described. In this EXAMPLE, additional
data that demonstrates the use of embodiments of SAP surfaces for long-term in vitro expancion of
hESC cells. WhA¥H#t#$S shown for H7 hESCs, H1 hESC cell lines have 2{SaUséd/eda5ahded on these
surfaces with similar WO 2009/099555PCT/13S2009/000597 results. A representation of the
comparison of doubling time for H7 cells on BSP conjugated and Matrigel coated surfaces in the

media conditions, presented in EXAMPL, iS pr 1 % Slﬁ?f . 1he ta’l\j{?' ates that the
synthetic SAP g%%%%uéec%o%ﬁ%ﬁ% or%{e%er %1%?5?3 #:I pe (])nr%mlaqgg"é% % a r%éﬁ'[zi\/lmc)gating. In
addition, cells editered prpBBP conjugated acrylate surface showed similar to MATRIGELT14
expression of hESC-specific markers as determined by flow cytometery analyses (FIG. 20). [00178]

EXAMRigie234 1101650 e 109%79] Adtbeend %g@g@ag@ssagg, H7:hRSi¢ells red ongynthetic

surfaces or MATRIGELT" were analyzed for hESC marker expression usingﬁH flow c_étometr . The entire
staining proceddie W%Yﬁ‘éﬁ&%%f&%?‘kféﬂ‘éﬂ&l%ﬁdﬁ&%&ﬁ%@%&1@@% B R 2 Pérrmibialized
for Oct4, live cefls 4at Tia-dobaddsr-lo8latanek SEHA« mark@is)uereikh-sispendade a6 microliter of
blocking solution (10% HI.goat serum in DP incubated far in, followed by addition of 50
microliter of mgﬁﬁg}r-gp%)@ﬁ%gﬂﬁﬂa@lg‘ﬁﬁb%ib?é%rﬁﬂc%ggrg)r(ﬁ %%%Zﬁr" rco@rLs}Tc')%eﬁair?g%ggiype control
(0.5 microgranazmipte pipiie cking:hutieFn(BoSuroAi{Eyliaskiihg (BEQ2IRI StaitingBOFr (SB) from

BD Biosciences), cells wer g%sbb d with corresponding secondary an '%d 25 4
microgram/sample (iﬂjgg@et %f n@rﬁﬁ re é@?e%%gmnlﬁégq&ﬁ%ﬁr £§sag¥n%eev}t Y gé(gé%?lée\‘?vuehree stained
with P1(2 microgranudhbaive Bffacs mwirildor vikbilt$-dSsesstitentoBRQ0didated myelitsn(geking was set
for Pl-negative vjable cell population) were acquited f re%@t},_ le,using the FAC libur (BD
Biosciences). R gﬁlgﬁ/ggs%ﬁg'reﬂd}eorﬁeﬂﬁ\lgﬁncé:%e %ﬁées(f E)ro sofi\?v%}r%?(%ﬁ%%%n gh aalr§e S oj_@vn in FIG.
20. Results shdersdohavexpreifsiolvofdyErd@ shesifishetar ipetsmeste swelgcsimilar on MATRIGELT" and
on the SAP-BSP synthetic surface. 1001801 EXAMPLE 15: Differentiation of H7 hESCs to

Cardiopyneytes00:8 H £ heseultue ofiundifierantimad & Gem esmRodiments of BSP conjugated
swellable (meth)acrylate was disclosed In EXAMPLE 13. In this EXAMPLE, the use of the same

surfac e differentiation of. cell rdiomyocyvies > Il dekiyved
cardio(ri‘r?g:ci)%];)h ecsf%nﬂléléé%ﬂg%g?ﬁégégiﬁ gﬁﬁlsglj%t%%?e%n%e[{%oﬁ @O%r%e%glfss %glﬁr%?/iielﬁlv%uﬁg rgggsgnize that
this class of pdpfice conjrgateldy rmentdiacrpertdes5Fhihy hpB0H1E998BERCIH/ IB2E081008597 can also

be used e”ab'Q&B&Q&ﬁe@ﬁﬂ%y%&%{@%ﬁﬁ%@%ﬁtﬁ@&ﬁ{s"Qﬁ@%ﬁ%%éﬁ&@%&%&%}yéﬁ% cells,
neural cells, osteogenic cells etc. [00182] Laflamme et al., "Cardiomyocytes derived from human
embryonic steRiEEISIn g FaAl6PsSBRARRES fRER S A te I FERINIRTRS BtEchnology,
25: 1015 - 1024,{20304) dasetibes awetbed tandiffereptiating FRBCsrcyltutanBrially, badifferentiated
human embryonic stem cells, such as those derived from the female H7 human embryonic stem cell
line, may be sé‘écg’é%eg'n MATRIGELTm-coated plates at a density of about 100,000 cells/cm2 and
re-fed daily with hES cell growth medium (KO DMEM 20% Serum replacement, 1 mM 1-glutarnine,
1% NHAR28 1 Towrzemipnsstiss SR arso Aghit 4nembEEbrblityIngraviie retindasesdidrentiation,

KO-SR may be,jeplasgd i uRRMHEB2Z mesim. @vailahle dramenitagerisupplsmaniaswith about

100 ng/ml human recombinant activin A (available from R&D Systems) for about 24 hours, followed by

10 ng/ml hum&RH&EaIFhIRETENARA (acthiasTelfe of D RHB M) o528 Rablesdr dotde) any other
suitable methqgdimaydoe ampieneRal00d&3idfeLlonartern.gulbked¥est: oopyrthetic SAP-BSP

surfaces in chemically defined medium, cells still retain ability to differentiate into cell types of
therapeutic intB?BYEH PMEEISWNEREC RS Lo SUPLB S PO HifaldS IRt passikgs aratHh were
differentiated isgaceardioreyesiigsit@Myusiigtheisame,oARIBEP swifaaddidresbeifferaptiation

protocol of La une (Supra.) was used. Briefly, H7 cells were fir ecopditio for 10-14 days in
noskcout st TR B e S N B AT D AU BB FHOBSSTBT IR O o
(Lnvitrogen #16828:028)y1886 MpeeksSéntiglabonnmieidsd nvétrogeh datid 40:0503cdraidre
L-Glutarnine; ta-Mer h - 80 -GF and 0.5 ng/ml hTGF-f31 (R&D Systems;
#234-FSE/CFggjrﬁicél'H #%4%0%59)‘%5@%%% a%%t%%ﬁjgs&t{%é%‘ﬁ%% cell monolayers, CM differentiation was
induced hy sequential addition of the following recombinant growth factors in RPMI 1640 medium
(Invitrd G H1 L6 78Y S HbmertlaCier e GhirB GBI 3 4780142 bridin AP A1 0 g/m1
(R&D SystemB&83&fientdy) fanga dis;iguesnedbdytheman B4 (Reiginelmeonrgeitig ptein
4)-10ng/m1 (R&D Systems # 314-BP-CF) for 72 hrs. The cells were then WO
2009/099555PCT/US2009/000597 allowed to recov&r for an additional 2-week period in RPMI
1640-B27 medium. Medium was exchanged every 2-3 days until beating CM were observed in
cultures. 1001841 EXAMPLE 16: Cardiomyocytes (differentiated from H7 human embryonic stem
cells) [00185] Based on information and belief, all published reports on hESC differentiation into
physiologically relevant (functional) cardiomyocytes require substrates that are coated with MatrigelTm
or other ECM proteins. The data reported in the present EXAMPLE demonstrate that embodiments of

tha QAP crirfarec nf the nrecent invventinn inchidina SAP-RP ecvnthetic ROD-containina nolvvnentide




1001861 For CM marker assessment, differentiated cells were either fixed on 6-well plates and
processed for Nbc2.5/cc-actinin double immunostaining (shown on FIG. 21A) or harvested, fixed and
processed for aractinin (FIG. 21B) or Nb<2.5 (FIG. 21C) flow cytometeric analysis. These results show
that after lor¥jd@pft/eiNiife (10+ passages) of undifferentiated H7 hESC & BARIBEMLSYhthetic surface
in chemically defined medium, cells can still be differentiated into cardiomyocytes. The differentiation
efficiency was very similar to that seen on MATRIGELTm surface (data not shown). Also the data

suggest that SARRSRSVIEAcE can Reugesido substitHieeuisilyused:MAIRIGE Lahiosdirect
differentiation of IESC into cardiomyocytes. [00187] EXAMPLE 17: HT1080 cells 100188] Using

HT1080 cells, RFBUEMETEtiadd ilPthiEX AL E ivhiard ol of synthetic peptide conjugated
(meth)acrylate coatings can provide suitable cell culture surfaces for any cell type that requires
biological coatkis:grsettinatohtaivwgesetitddpii8oiolthe ailtswaldigtimaniinosatcdnia (HT 1080)
cells were cho emanstrate the universality of the peptide conjugated acrylate surfaces. HT
1080 cells are%glg)t%’e%lyé? \}vnn&?rllaglelflﬁrnlél 8%%3%%%1#%1 ig?.v kgllén KTC gﬁéo’%r%‘é%g%?ﬁrotocol for
growth of this Cobywee Eyliresi/SEOE-(ORBGAIEL Baletd] Mirim arndES sentiatiediamg{@atalog No.
30-2003) supplemeied with 109,818 keyinerein,is elieyed Hhatdi Y Rs.
2009/099555PCT/US2 M @o%%?ﬁgﬂawith%%ﬁg%éﬁ?%%%Ii‘?rgte%we‘g%%iachment of
these cells to trleiplasti®@Suifateh§00ddD] bt scripm B ol (Logo ATCGOH# e ERY) cells were
grown to 70% gonfluency inJaaarers MediliedRnibacee's Medium: (MBM kanBa,12:7220) containing
10% fetal boviﬁg%erum (FBS, Lonz.a, 14-502F) in a tig’s-ue-culturegt%{r}eaﬁlsed T150 flask (TCT, Corning,
430825). Cell Frédia iaBFeiEnirke angoskbasfueney e ifastosdil il ebhiaiffdeD

(IMDM+10%FB3).af:semm-Tes MM miasdieionoes dauarQeie celthanmest stelisevere harvested
at 100% continency with 0.05% tér%/fpsm-EDTA (Glbco/InV|tro§gﬁ, 25300) and washed twice with
I

Dulbecco's PheEpratithsseen o e ifrmaateddir it o feHs Terooy s el deeded at the
density ofG 25ﬁ@ﬁ&@i&z‘ﬁﬁé@dﬂl&iiﬂ%@%éﬂiﬁféﬂ@@?ZUG%SEJ;&W%M%M&&&M H&xﬁéecomb(inant
‘Human FGF basic (R stems 234-FSE/CF) and + 0.5ng/mL, Recomhinant Human TGF-B1 (R&D
Systems, 240—%966%)3)%3%0%% PO W&%“ﬁaﬁ(@%& PHRAKTEGH (e B E8ming, 3603),
swellable (methyaerytadelés Adr)eaafes Xenad OCSAP:BEH BudlkeaAangns@elsrivede re-fed with
correspondingbe g&ljum every 2-3 days. Cell adhesion/spreading, morphology and growth was
monitored every day. A cell proliferation assay (CellTiter 96(r) AQueous One Solution Cell Proliferation

Assaylﬁgfgmegmggwg%@ggt@cmﬁrg relative cell number on each surface at cell confluency -

day 2 (serum containing) and day 5 (serum-iree), according to the manufacturer's protocol. FIG. 22 is

a bar 0 ing cell titer data of HT-1080-cells on TCT, SA1 (meth)acrylate-coated and

o A R SR T eb o R (BT ah Al SFh e ERUETE, white
bars) of serume#GSwaR: shows phbtdsdiqrbgfdphEd mplafinglthetindtp batafpyrodiddri@B8célls on TCT
and (meth)acrylate coating.and BSP. jugated tings in the presence and absence of serum. The
data from the gfl%ftg?%a%ggrf s%ﬁ%@ﬁﬁ%e. g(%e%;%d%gg qa{%ﬁisg%r]l%oféglwm%erpwhoeg%as% Shown in
FIG. 23. TCT-P&hd plaginel tiadléd ReiTsarédcor IR et vatB A Gathefiativer fromitpabiecentSAP-BSP

s the BSP-pepiid-eniboated (3 ERUBMNCL ARt pImUlAien The shsee images fufserum free

conditions (SF, Day5) and the last'panel is in the presence of serum, at day 2. This data shows the
feasibility of usi#y-thé WeEkrpdiypEsheR dakiiited SR~ atmeas)abipiaed wioe Victor 3

2009/099555R6:drlp 20 RR0pRAeRAtMAS fOr LedrtisiunR b 6 Tnd G8RBaNs £ Tl R8R:calig provide a
representative of eré%ineered cell I(g;so h %ﬁﬁofire the use of serum for attachment purposes. [00191]

EXAMPLE 185 RIBSeh s PUrERSpes R AP 15 ith conjugated laminin polypeptides

[00192] HepG2/C3A cells (ATCC # CRL-10741) were plated at 25,000 cells per well in 100 al media in
triplicéblghlSABRAWFAdRS; BIY BidEafriaiafiagen | and Corning CellBind(r) treated TopasTm in a 96
well format and cultured at in Eagle's Minimum Essential Medium (ATCC 30-2003) supplemented with

1% pewieaRn-streptomycinildrsittogani# phd4ixkd B PR HissRMMEUp WASNB TS uppaiaented with
feta] bovine se as recommended by the cell line supplier) nor.was the surface exposed to
fotal bovine SBT TR P 1P AR TRL RO AT e B o3 AHUSEYe FERANE umicity
for 24 hours. &fier obllacuibgra pi&ies fiaviegetne iISAminfacatinges edireparedahetbsdtibetlinl EXAMPLE
1. Peptides wggg[}ﬁ) | e di EXAMPLE 2. The polypeptides canju d.to the SA layer
are listed in Table S.Eylgdg@%g%%ggg{)éx%%%r%mrréuslgltg eter tﬂgn‘%‘%61 ) ﬂ?ﬁﬁ%ﬁ%ﬁg%grﬁ%g#e to Collagen

| (see FIG. 24) are marked with an asterix in Table 6, The line in FIG. 24 indicates 75% performance of
cells on Collagen 1. Table 6: Polypeptides conjugét%'to SA layer Sequence Source CLS No




KGGGQKCIVQTTSWSQCSKS (SEQ ID NO:13) Cyr61 res 224-240 *CLS 01005 KYGLALERKDHSG
(SEQ ID NO:14) TSP1 res 87-96 CLS 01010 KGGSINNNRWHSIYITRIGNMGS (SEQ ID NO:15)
mLMal res 2179-2198 CSL 01015 KGGTWYKIAFQ11NRIC (SEQ ID NO:16) mLMal res 2370-2381
*CLS 01020KGBPIACRGTYSER (SEQ ID NO:17) mLMyl res 650-261 BUBG102800597
KYGTDIRVTLNRLNTF mLMyl res 245-257 CLS 01030

of BCIP/NBT was-added to each well and incubated for 20-30 min. (to achieve
desirable color intensity) at room temperature with a mild agitation. At the end of the
staining, cells were washed once with 150 pl DPBS and either scanned or analyzed
~with light microscopy. H7 hES colony morphology on experimental surfaces was

compared to the colony morphology on MATRIGEL™ (positive control).

[00134] FIG. 6 shows the results from the screening assay for peptide support of
undifferentiated stem cells using Formulation SA1A. Ac-KGGONGEPRGDTYRAY-
NH; (SEQ ID NO:4), the BSP sequence demonstrated a significant ability to support
undifferentiated stem cells (56-60% AttoPhos fluorescence intensity (FI)) compared
to MATRIGEL™ control. Some peptides were conjugated to PEQ spacers/linkers
(SEQ ID NO:25 and SEQ ID NO:26) as follows: NH,PEQ,-
ArgAsnlleAlaGlullellelysAsplle-NH,  (SEQ  ID  NO:25) or NH,-PEO,-
LysAlaPheAsplleThrTyrValArgleuLysPhe- NH; SEQ ID NO:26) where the PEO
could be PEO; or PEO;.  As shown in FIG. 7, colonies of stem celis cultured on the
surface containing Ac-KGGNGEPRGDTYRAY-NH,; (SEQ ID NO:4), the BSP
seqﬁencc { FIG. 7B) demonstrated similar colony morphology 10 MATRIGEL™
(F1G. 7A) as assessed by BCIP staining of the cells. Growth of stem cells was not
observed on the swellable (meth)acrylate substrate (formulation no. 1) alone (FIG.
7C).  FIG.8 shows AftoPhos measurements, expressed as a percentage of
MATRIGEL™ performance, for SAl formulation, with increasing peptide
concentration at 1, 10, 100 and 1000 pM. As shown in FIG. 8, adhesion and growth
of undifferentiated stem cells on swellable (meth)acrylate formulation SA 1A surfaces
containing Ac-KGGNGEPRGDTYRAY-NH, (SEQ ID NO:4), the BSP sequence was
peplide concentration dependent. Together, these data suggest that Ac-
KGGNGEPRGDTYRAY-NH, (SEQ ID NO:4), the BSP sequence, conjugated using
1000 uM concentration, can support adhesion and growth of undifferentiated H7 hES

cells under chemically defined medium condition.

[08135] Referring now to FIG. 9, the way in which the sweliable (meth)acrylate coating is
prepared and the components of the swellable (methjacrylate affect the ability of Ac-
KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4), the BSP sequence to support growth
of undifferentiated stem cells. CB/TOP is uncoated cyclic olefin copolymer cell
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WO 2009/099555PCT/US2009/000597 (SEQ ID NO: 18) KYGSE11VKYIERLHE (SEQ ID NO:19)
mLI\471 res 615-627 *CLS 01035 KYGKAFDITYVRLKF (SEQ ID NO:21) rnLMry 1 res 139-150
*CLS 01050 KYGAASIKVAVSADR (SEQ ID NO:20) mLI'Act 1 res2122-2132 CLS 01040
Ac-CGGNGPFRRO®DPYRAY (SEQ ID NO:4) BSP PCT/US2009/060597

culture ware (plasma treated TOPAS®). SAIA is a swellable (meth)acryiate
formulation with and without conjugated Ac-KGGNGEPRGDTYRAY-NH; (SEQ ID
NO:4) (as identified in FIG. 6). SAS5 an alternative swellable (meth)acrylate
formulation shown in Table 1 with or without conjugated Ac-
KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4). MG ts MATRIGEL™ control. As
shown in FIG. 9, Formulation SAS5 did not provide a coating that supported
undifferentiated hES cell culture in the presence of chemically defined media
comparable to that shown by MATRIGEL™. Without being limited by theory, this
could be because there may be a significant amount of poly(ethylene glycol) 600
without carboxyethyl acrylate copolymerized at the ends, possibly creating a brush
layer on the SA surface, instead of a network of polymers. As shov;fn in FIG. 2, Ac-
KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4), the BSP sequence conjugated to
Formulation SA1 resulied in comparable AttoPhos FI as compared to MATRIGEL™
control. This is in contrast to Formulation SA1A, which showed about 60% of
MATRIGEL™ AttoPhos FI with conjugated Ac-KGGNGEPRGDTYRAY-NH; (SEQ
1D NG:4), the BSP sequence (as shown in FIG. 6 and FIG. 8). As discussed above,
the comnponents of Formulations SA1 and SA1A were essentially identical, with only
the manner in which the coating layers were prepared differing (SA1A: 0.1% at 5
microliters; SAl: 0.25% at 2 microliters).  The thickness of the coating may be
important. For example, in embodiments, it may be important to maintain the SA
coating thickness below 0.5pm. Accordingly, the manner in which the swellable
(meth)acrylate substrate is prepared, as well as the chemical composition and
swellable (methjacrylate structure can affect the ability of a peptide- conjugated
swellabie (meth)acrylate surface to support culture of undifferentiated stem cells in a

chemically defined medium.

[00136] EXAMPLE 7. Testing of additional SA coatings conjugated o Ac-
KGUGNGEPRGDTYRAY-NH, (SEQ ID NO:4), the BSP sequence

[00137} Additional swellable (meth)acrylate layers (SA layers or coatings) conjugated to Ac-
KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4), the BSP sequence were prepared and
tested according to the EXAMPLES above. FIG. 10A and FIG. 10B are bar graphs
of AttoPhos measurements of attachment and growth of undifferentiated H7 hES cells
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CLS 01045 A c-CGGNGEPRGDTRAY (SEQ ID NO:38) BSP-Y CLS 01080 KYGRKRLQVQLSIRT
(SEQ ID NO:22) rnLMa 1 its 2719-2730 CLS 01055 KGGRNIAEIIKDI (SEQ ID NO:23) Lmpi CLS
01060 Ac-KGGPQVTRGDVFTMP-NH2 (SEQ ID NO:39) VN CLS 01075 GRGDSPK (SEQ ID NO:11)
Short FN CI¥0008%ESKGGAVTGRGDSP AS S-NH2 (SEQ ID NO:12) RGHYENGLST1070

under chemically defined medium condition on different swellable (meth)acrylate
formulations after conjugated with peptide Ac-KGGNGEPRGDTYRAY-NH; (SEQ
ID NO:4). The AttoPhos fluorescent intensity (FI) for cells on all screened surfaces
was normalized to FI of cells on MATRIGEL™ (FIG. 10). All of the swellable
(meth)acrylate formulations reported in FIG. 10A and FIG. 10B demonstrated similar
or higher AttoPhos Fl compared to MATRIGEL™ confrol and similar to
MATRIGEL™ colony morphology as assessed by BCIP staining of the cells (data

not shown).

[00138] For the swellable (meth)acrylate formulations reported in FIG. 19, the network was
polymerized from either highly hydrophilic monomer such as acrylamide or muldly
hydrophilic monomer such as hydréxypropyl methacrylate. The ratio of hydrophilic
monomer ranged from 60 to 90%. The ratio of carboxyl-group containing functional
monomer ranged from 10% to 30%. The ratio of cross-linking monomers ranged
from 1% to 10%. After conjugated with BSP-RGD peptide Ac-
KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4), all of the tested formulations
supported similar or higher hESC attachment than the positive control,
MATRIGEL™  in chemically defined, animal free condition.

[00139] EXAMPLE 8  Testing of additional peptides conjugated to SA1

[06140] In the EXAMPLES above, Ac-KGGNGEPRGDTYRAY-NH, (SEQ ID NO:4), the
BSP peptide, was shown to support culture of undifferentiated hESCs in chemicaliy-
defined, anmimal-free conditions when conjugated to a swellable (meth)acrylate
polymer layer. Ac-KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4), the BSP peptide
meorporated the RGD adhesion epitope of Bonesialo protein (BSP) from mouse.
Additional RGD containing peptides have been identified. However, not all RGD
sequences may result in the same level of cell culture performance for every cell type.
Some cell types may culture better on different specific peptides. The sequences
flanking the RGD motif may significantly influence the degree of cell adhesion and
influence the post adhesion differentiation processes. Without being limited by theory,
it may be that integrin mediated cell adhesion may incorporate multiple cellular

events of cell attachment including cell spreading with stress fibers and focal
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[00193i The attachment of the HepG2/C3A cells was determined using a Cytotoxicity Assay (Promega
CytoTox 96(r) Non-Radioactive Cytotoxicity Assay #01780) which estimates the number of living cells
attached to the culture surfaces. After 24 hours of in culture, the cells were vigorously washed with
phosphate b¥felliy/aetissia the introduction of the lysis buffer solution anc@xrubakiencass37C for 1 hour
to release lactate dehydrogenase (LDH) enzyme from the viable cells that remain attached to the
culture surfaces. The biological activity of the released lactate dehydrogenase enzyme was measured

via absorbance at 490nm ysi late reader (Victgr 3 from PerkinElmer). Wt .
0001009855P M TEI000 DR P LT e oMo oG B e e R i PR e cels
(absorbance of Bk acyhaity bafif S AP s Golfagtese and (Tiel B d redt éihdmgas tnshdwthin FIG. 24.

C i f d d ing - SAPS with lamini id
sotuences KGOEARENE | PR A R R R R RS o o)
KYGSETTVK YarRdqepsEd tin Mocrolingridacx B rCAF SPEVGRILIC FaS Eiowina besmmsport

serum-free attaghypentelHeRGUCIARELSE 1ok ehrallgeRlandarsais han.CallBingy) treated
TopasTm. In addition, the HepG2/C3A cells cultured on the Corning SAPS exhibited similar cell

morphology asHERe#s Wi IBR Cidget Fbredinmatsie mMiBusrehts JrswnerrietC
SURFACES FeifRifakilaldJhiehat&dELLS IN CHEMICALLY DEFINED MEDIA are disclosed, One skilled
in the art will appreciate that the arrays, compositions, kits and methods described herein can be

practiced with emhgdiments otherthan those disclosed- The disclosed embodiments are presented for
purpo?sﬁé‘g of !;Iustraﬁon and notqir%ndi%gtsigﬁzp %gfi%(ﬁ%ﬁ;ﬁe Eﬁsﬁ%éﬁn@g ﬁ%ﬁ%@r@gg%?éagém? rising: a
substrate havit§ Bbsentste: aadwehater(ing thaByRwrimpsr visposeenvtidesuffed ésef. the substrate,

wherein the swekablg (meih)acsylaie 1ayey ig {oRedVIaR a.CORRPSUINR.FATEES NS JEATBOXY!

group-containinﬁ% (meth)acrylate monomer which is 2-carboxyethylacrylate, a cross-linking
(meth)acrylatel RS8R 2apa F)ara it FIRdhSdrHEpIEBr o RaAr RS R A oxy
grou%-conta_inimt%msm@%&a}ﬁgon@miﬁxﬁﬁ@bﬂf @rglﬁﬁt&iﬂ @B&ﬁ%ﬁi@%w@tﬁ’gﬁ@q&%ﬁ%ﬁ&ﬁnﬂ abI
peptide conjugated to a car roup of the carboxyl group-containing monomer of the swellable
(meth)acrylatg%gfé ?;%ﬁ@@:ﬁ%%ﬁﬁﬁ%ﬂ?ﬁ&%‘l&%}&ﬁﬁei (%ﬁgfé)?nl? e%&ﬁ%@?ﬁ%ﬁ%ﬁwﬁte layer -
has an equilibdlihmowatENentgngandate S afl betweatsd ahoedthXednd Wit b 0%m G Ithtieed el culture
article of claim erein_the cross-linki th)acrylate mgnomer is tetra(ethylene glycol)
dimethacrylateﬂ;(};ér0 t irg(g%ﬁi;lglﬁet%alf/ggﬁrgig?gﬁ%se.aﬁe.‘F e%%%ctﬁ%?gea}%ge%fcgal% %V\c/’ﬁérein the
hydrophilic movigdy rndetastessitom théugrdupltadisistnguitwdroxietiy Metisprylide is a
hydroxypropyl ingthachlaie. sbyeaxueiay haguaitdaviowl-Zmyveridonagqditatpieng.glyco ethyl

ether methacrylate, acrylamide, ethylene glycol methyl ether methacrylate or

3-sulfopropyldfsTEtis Rt 3hh EtiicErh S proH A haR AT So1920b B bDSEBIRONIST ST25
SEQUENCE LiNTIiNe 5318>sGOINRgMCwill attach via the C-terminus and thus change the

orientation of the RGD epitope on the surface of the cell culture vessel.

{00142] In addition, due to the differences in the location of the conjugating amino acid
residue within the peptides the I-FN and s-FN RGD sequences present the RGD

epltope to extra-cellular integrins in two different and opposing orientations.

[00143] In this EXAMPLE, the 1-FN (SEQ ID NO:12), s-FN (SEQ ID NO:11) and Ac-
KGGNGEPRGDTYRAYwNHg (SEQ ID NO:4), the BSP peptides were conjugated to
a (meth)acrylate layer made from Formulation SA1 as described in the EXAMPLES
above. AttoPhos studies were performed as described in EXAMPLE 5. The results
are shown in FIG. 11. FIG. 11 is a bar graph showing Attophos staining of hESCs
grown on gradients of fibronectin conjugated swellable (methjacrylate. S-FN is the 7-

mer fibronectin peptide conjugated acrylate. L-Fn is the 15-mer fibronectin peptide
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<120> SYNTHETIC SURFACES FOR CULTURING CELLS IN CHEMICALLY DEFINED MEDIA
<130> sp08-18 <140> 12/362,924 <141> 2009-01-30 <150> US 61/062,890 <151> 2008-01-30 <150>
US 61/062,937 <151> 2008-01-30 <160> 31 <170> PatentIn version 3.5 <210> 1 <211> 5 <212> PRT
<213> Artifidksl BEYEER <220> <223> RGD-containing polypeptide <228 T&22ds/WiéSC FEATURE
<222> (1)..(1) <223> xaa is Yaa(1) Xaa(n), wherenis 0 to 4, 1is 0 or 1, each Xaa is independently
any amino acid, Yaa is any amino acid <220>

conjugated acrylate. 10-, 100- and 1000- reflect the input peptide concentration (UM)

for creating these coatings.

{60144} As shown in FIG. 11, the short fibronectin sequence (s-FN) is comparable in
performance to the long fibronectin sequence, I-FN., While the BSP sequence
appeared to better support the culture of undifferentiated stem celis (relative to the
fibronectin sequences), it may be that any amino acid sequences of the form
YaaXas,ArgGlyAspXaa, Yaa (SEQ ID NO:1) where Xaa and Yaa are any naturally
occurring or synthetic amino acid and where at jeast ome Xaa or Yaa has a
functionality that enables nucleophillic addition/ amide bond formation with the
surface carboxyl groups, would be acceptable choices for peptide based cell culture

scaffolds.

[00145] EXAMPLE 9:  Testing of additional peptides conjugated to SA1: cyclic peptides

[60146] In the EXAMPLES above 15-mer Ac-KGGNGEPRGDTYRAY-NH; (SEQ ID NO:4),
the BSP peptide was shown to support culture of undifferentiated hESCs in
chemically-defined, animal-free conditions when conjugated to a swellable
(meth)acrylate polymer layer. Without being limited by theory, it may be that short
flexible peptides do not maintain their native conformation in aqueous media very
well. The issue of conformational instability may be most prevalent in very short
peptides. To mimic the pseudo-beta turn like conformation of the putative RGD
epitope in the native protein, strategies have been developed for peptide cyclization
using very short peptides such as pentamers or octamers. In this EXAMPLE, cyclic

13 and 17-mer RGD peptides are conjugated to embodiments of SA coatings.

i00147] In addition, poly ethylene oxide (PEQO) linker conjugated RGD sequences are
conjugated to embodiments of SA coatings. Without being limited by theory, the
addition of a spacer/linker may improve the bio-availability of the peptide epitope by
projecting the peptide epitope away from the SA coating. In addition, the hydrophilic
nature of the ethylene oxide units in a PEO linker may reduce non-specific protein
adsorption to the surface. The linker was added to the polypeptide by American
Peptide Company in Vista, CA.
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<221> mISC_FEATURE <222> (5)..(5) <223> Xaa is Xaa(m)Yaa(1) , wheremis0to 5, 1is 0 or 1,
each Xaa is independently any amino acid, Yaa is any amino acid <400> 1 xaa Arg Gly Asp Xaa 15
<210> 2 <211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> cyclic RGD-containing
polypeptide ¥2ppeasp23ss MISC_FEATURE <222> (1)..(1) <223> Xaa is ZaaXaafeyswkere nis 0 to 4,
each Xaa is independently any amino acid, and Zaa together with Baa form a covalent bond to cyclize
the polypeptide <220> <221> MISC_FEATURE <222> (5)..(5) 2010-08-26 5P08-18SEQLI5T_ST25

[00148] All the peptides used in this EXAMPLE were synthesized at American Peptide
Company, Inc., 1271 Avenida Chelsea, Vista, CA 92081 or CEM Corporation, P.O.
Box 200, 3100 Smith Farm Road, Matthews, NC 28106.

[00149] The foliowing peptides were conjugated to a swellable (meth)acrylate layer,
Formulation SAI, as described in the EXAMPLES above. See Table 5 for cyclic
structures.

(1) Ac—LysGlyGlyAsnGIyGiuProArgGlyAspThrTyrArgAlaTyr—NHE (SEQ ID
NO:4), “BSP”;

(i) NH2-PEO4-AsnGlyGluProArgGlyAspThrTyrArgAlaTyr-NH2 (SEQ ID NO:5),
“linker BSP™:

(ili) Ac-LysGlyGlyLys4AsnGlyGluProArgGlyAspThrTyrArgAlaTyrAspl 7-
Ni,,Lys4-Aspl7 amide cycle, (SEQ ID NO:6), “cyclic BSP 17-mer”™;

(iv) Ac—LysG}yGlyLysdGluProArgGlyAsprrTyrArgAsp13—NH2, Lys4-Asp13 amide

cycle, (SEQ ID NO:7), “cyclic BSP 13-mer”;

(v} Ac-LysGlyGlyCys*AsnGlyGluProArgGly AspThrTyrArgAlaTyrCys''-NHs,
Cys’-Cys'’ disulfide bonded cycle, (SEQ ID NO:8), “disulfide-BSP 17-mer”
shown as FORMULA 4; and |

(vi)  Ac-LysGlyGlyCys'GluProArgGlyAspThr TyrArgCys'’-NH,, Cys*-Cys'?
disulfide bonded cycle, (SEQ ID NQ:9), “disulfide-BSP 13-mer”.

Table 5
(SEQ ID NO:6) e N,
Ac-LysGlyGlyLys*AsnGlyGluProArgGly AspThr e oy
TyrArgAlaTyrAsp'’-NH,, Lys*-Asp!” “cyclic BSP / L
17-mer” amide cycle, (FIG. 13) " /A' :

G iyén - /¥;Ala
Lys—Asp
Ac-lys—Gly-Gly  CONH,
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<223> Xaa is Xaa(m)Baa, where m is 0 to 5, each xaa is independently any amino acid, and Baa
together with Zaa form a covalent bond to cyclize the polypeptide <400> 2 Xaa Arg Gly Asp Xaa 15

<210> 3 <211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> cyclic RGD-containing peptide

with conjugaliGrP & E35D> <221> MISC_FEATURE <222> (1)..(1) <223BCTAZ09/000597
Yaa(l)Xaa(m)ZaaXaa(n), where 1isOor 1, mis0to 5, nis 0 to 4, each Xaa is independently any
amino acid, Yaa is any amino acid, and Zaa togehter with Baa form a covalent bond to cyclize the

polypeptide <220> <
where 1isOorl1, m
Baa togehter with Za
15

is 0 to 5, each Xaa is independently any amino i
,&form a covalent bond to cyclize the polypeptid
LysGlyGIyLys“Glu}?roArgGlyAspThrTyrAngsp13

-NH,, Lys*-Asp'® amide cycle “cyclic BSP 13-
mer” (FIG. 13)

28BS FEATURE <2225 (5)..(5) <223> Xaa is xaa(m)BaaXaatmyy¥ aa(l)

acid, Yaays, &y amino asig, and
e <400> ?»/ aa Arg Gly Aé{) X

Pro Tyr

\ /

Glu Arg

Ac -Lys-Gly -G S_ASEONHz

(SEQ ID NO:8&} e _Al—As N

Ac-LysGlyGlyCys*AsnGlyGluProArgGly yd

AspThrlyrarg AlaTyrCys' -NH,, Cys*-Cys"’ _ Pr/u T\f

disulfide bonded cycle, “disulfide-BSP 17-mer” G'“\ };"’ g

{FI1G. 12) Gy, Ala

A eyt Tyr

Ac-lys—Gly—Gly  CONH,

(SEQ ID NO:9) S —As

Ac-LysGlyGlyCys*GluProArgGlyAsp Arg hr

ThrTyrArgCys''-NH,, Cys'-Cys'? By D/ T};,r

disulfide bonded cycle, “disulfide-BSP 13-mer” \\

(FIG. 12) Glu Arg
Ac Lys-Gly-Gly ¥ C Ron,

[00150] Two chemical strategies were utilized to synthesize cyclic peptides. The first strategy

utilized an amide linkage created by cyclizing the free amino functionality on the

lysine side chain and free carboxy functionality on the aspartic acid side chain. The

second strategy utilized a di-sulfide linkage created between the free sulfthydryl side

chains on the two cysteine amino acids in the peptide sequence (see WO1989005150).

These cyclicizations were performed by CEM Corporation in Matthews, N.C.

[00151] The 13-mer and 1 7-mer amide linked cyclic peptide resulted in cyclic RGDs that were

10 and 14 amino acids, respectively. Similarly, the 13-mer and 17-mer disulfide
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<210> 4 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse bonesialo protein <400> 4 Lys Gly Gly Asn Gly Glu Pro Arg
Gly Asp Thr Tyr Arg Ala Tyr 151015 <210> 5 <211> 12 <212> PRT <213> Atrtificial Sequence <220>
<223> SyntN&é#@WBdRAERtide including sequence derived from mouse boRESTARRIHNMMAL400> 5 Asn
Gly Glu Pro Arg Gly Asp Thr Tyr Arg Ala Tyr Page 2

linked cyclic peptide resulted in cyclic RGDs that were 10 and 14 amino acids,

respectively.

[00152] FIG. 12 shows adhesion of HT-1080 to SAP-BSP(cyclic) where the BSP peptide was
cyclized by disulfide bonds (SEQ ID NO:B) and (SEQ ID NOG:9), Ac-
LysGlyGlyAsnGlyGluProArgGlyAspThi TyrArgAlaTyr-NH2  (SEQ 1D NO4)
(1000mM), and non adhesive peptide GRGESPIYK(SEQ ID NO:30) (RGE,
1000mM) normalized to extracellular matrix protein fibronectin (FN, Smg/mL}-
coated surfaces. (SEQ ID NO:8) and (SEQ ID NO:9) cyclic BSP disulfide peptide-
conjugated (meth)acrylate surfaces supported HT-1080 adhesion similar o Ac-
LysGlyGlyAsnGiyGluProArgGlyAspThrTyrArgAlaTyr-NH2  (SEQ 1D NO:4)-
conjugated (meth)acrylate. FIG. 13 shows that (SEQ 1D NO:6) (amide cyclic BSP
17mer) and (SEQ ID NO:7) (amid cyclic BSP 13mer), amide cyclized BSP peptide-
conjugated (meth)acrylates also supported HT-1080 adhesion similarly to linear BSP-
conjugated (methjacrylates, Ac-LysGlyGlyAsnGlyGluProArgGly
AspThrTyrArgAlaTyr-NH2Z (SEQ 1D NO:4).

[00153] Results of AttoPhos staining of human embryonic stem cells (hESCs) cultured on a
swellable (meth)acrylate layer with conjugated amide bonded, cyclized polypeptides
are shown in FIG. 14. Briefly, H7 hESC were cuttured on SA conjugated with linear
or cyclic BSP peptide to form SAP-BSP or SAP-BSP(cyclic} surfaces. BSP was
cyclized using amide bonding. After 48 hrs in culture on SAP-BSP (SEQ 1D NO:4)
surfaces and SA coatings conjugated to (SEQ I NO:6} (amide cyclic BSP 17mer)
and (SEQ ID NO:7) (amid cyclic BSP 13mer), cells subjected to AttoPhos assay.
MATRIGEL™ _coated substrate wells were used as positive control. As shown in
F1G. 14, H7 cells showed similar adhesion/growth response on cyclic and linear BSP
conjugated SA surfaces. No significant difference in cell response was observed
between I3mer and 17mer versions of amide bond-cyclized SAP-BSP(cyclic)
surfaces. The results suggest that both amide bonded, cyclized and liner BSP

conjugated SA can support adhesion/growth of undifferentiated H7 hESC.

[060154] FIG. 15 shows results of AttoPhos staining of human embryonic stem cells (hESCs)
cultured on a swellable (meth)acrylate layer with conjugated di-sulfde bonded,

S50



2010-08-26 SP08-18SEQLIST_ST25 1510 <210> 6 <211> 17 <212> PRT <213> Artificial Sequence
<220> <223> Synthetic polypeptide including sequence derived from mouse bonesialo protein <220>
<221> MISC_FEATURE <222> (4)..(4) <223> Lys at residue 4 froms amide bond with Asp at residue
17 to cyclizéMAéomRAsestide <220> <221> MISC_FEATURE <222> (17) PAXYS222B088H at residue
17 froms amide bond with Lysat residue 4 to cyclize the polypeptide <400> 6 Lys Gly Gly Lys Asn Gly
~ Glu Pro Arg Gly Asp Thr Tyr Arg Ala Tyr 151015 Asp _

cyclized polypeptides (SEQ ID NO:8) (di-sulfide cyclic BSP 17mer) and (SEQ 1D

NO:9) (disulfide cyclic BSP 13mer) compared to SA-BSP (SEQ ID NO:4) and
MATRIGEL™, Briefly, H7 hESC were cultured for 48hours on SA conjugated with
linear cyclic BSP peptides to forrm SAP-BSP or SAP-BSP(cyclic) surfaces. After 48
hrs in culture, cells were fixed and subjected to AttoPhos assay. As shown in FIG. 15,
H7 cells showed similar adhesion/growth response on cyclic and linear BSP
conjugated SA surfaces. No difference in cell response was observed between 13mer
and 17mer versions of SAP-BSP(cyclic) surfaces. Interestingly, disulfide bonded
SAP-BSP surfaces demonstrated higher cell AttoPhos response compared to linear
SAP-BSP at lower (100 uM) concentration (compare AttoPhos FI for 100 uM peptide
concentration in FIG. 15 and FIG. 8). The results suggest that, in embodiments, both
disulfide bonded cyclic and liner BSP conjugated SA can support undifferentiated H7
adhesion/growth, with cyclic BSP showing higher cell response at lower peptide

concentration.

[08155} In embodiments the present invention provides a cell culture article, comprising: a
substrate having a surface; a swellable (meth)acrylate layer disposed on the surface of
the substrate, wherein the swellable (meth)acrylate layer is formed from a
composition comprising a carboxyl group-containing (meth)acrylate monomer, a
cross-linking (meth)acrylate monomer, and a hydrophilic monomer capable of
polymerizing with the carboxyl group-containing (meth)acryiate monomer and the
cross-linking (meth)acrylate monomer; and a peptide conjugated to a carboxyl group
resulting from the carboxyl group-containing monomer of the swellable
(methjacrylate layer. In embodiments, the swellable (meth)acrylate layer has an
equilibrium water content in water of between about 5% and about 50% or between
about 10% and about 40%. In embodiments, the carboxyl group-containing
(meth)acrylate monomer is 2-carboxyethylacrylate. In embodiments, the cross-
linking (meth)acrylate monomer is tetra(ethylene glycol) dimethacrylate or
tetra(ethylene glycol) diacrylate. In embodiments the hydrophilic monomer is
selected from the group consisting of hydroxyethyl methacrylate, hydroxypropyl
methacrylate, 2-hydroxyethy! acrylate, l-vinyl-2-pyrrolidone, di{ethylene glycol)
ethyl ether methacrylate, acrylamide, ethylene glycol methyl ether methacrylate or 3-

sulfopropyldimethyl-3-methacrylamidopropyl-ammonium. In embodiments, the ratio,
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<210> 7 <211> 13 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse bonesialo protein <220> <221> mISC_FEATURE <222>
(4)..(4) <223> Lys at residue 4 forms amide bond with Asp at residue 13 to cyclize the polypeptide
<220> <221¥WRABQIPEATURE <222> (13)-(13) <223> Asp at residue 1¥{orirzemidestiond with Lys
at residue 4 to cyclize the polypeptide <400> 7 Lys Gly Gly Lys Glu Pro Arg Gly Asp Thr Tyr Arg Asp
1510 <210> 8 <211> 17

by volume, of the cross-linking (meth)acrylate monomer to the carboxy group-
containing meth(acrylate) monomer to the hydrophilic monomer is about 1-10 to
about 10-40 to about 60-90. Or, in embodiments, the ratio by velume, of the cross-
| linking (meth)acrylate monomer to the carboxy group-containing meth(acrylate)
monomer to the hydrophilic monomer is about 3 to 20 to 80. In embodiments, the

swellable (meth)acrylate layer is free of polypeptide crosshinkers.

[00136] In embodiments, the peptide conjugated to a carboxyl group resulting from the
carboxyl group-containing monomer of the swellable (meth)acrylate layer comprises
an amino acid sequence of YaaXaa,ArgGlyAspXaan,Yaa (SEQ ID NO:1), where n is
an integer of 0 to 4, m is an integer of 0 t0 5,1is 0 or 1 each Xaa 1s independently any
native or biomimetic amino acid, and Yaa is independently any native or biomimetic
amino acid With the proviso that peptide includes at least one amino acid having
functionality that enables nucleophilic addition to & free carboxyl group of the
swellable (meth)acrylate layer, wherein the free carboxyl group results from the
carboxyl group-containing (meth)acrylate monomer. In embodiments, Yaa comprises

lysine.

[00157] In additional embodiments, the peptide conjugated to a carboxyl group resulting from
the carboxyl group-containing monomer of the swellable (meth)acrylate layer
comprises an amino acid sequence of YamXaa,ZaaXaa,ArgGlyAspXaa,Baa
Xaa, Yaa (SEQ ID NO:3), where n is an integer of 0 to 4, m is an integer of 0 to 5, 11s
0 or 1 each Xaa is independently any native or biomimetic amino acid, Zaa and Baa
are each independently any native or biomimetic amino acid having covalent bonds
formed between atoms of their respective side chains to form a cyclic portion of the
polypeptide, andYaa is independently any native or biomimetic amino acid; with the
proviso that the polypeptide includes at least one native or biomimetic amino acid
having functionality that enables nucleophilic addition to a free carboxyl group of the
swellable (meth)acrylate layer, wherein the free carboxyl group results from the
carboxyl group-containing (meth)acrylate monomer. In embodiments, Yaa comprises

lysine.
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<212> PRT <213> Artificial Sequence 2010-08-26 SP08-185EQLIST_ST25 <220> <223> Synthetic
polypeptide including sequence derived from mouse bonesialo protein <220> <221> MISC_FEATURE
<222> (4)..(4) <223> Cys at residue 4 forms a disulfide bond with Cys at residue 17 to cyclize the
polypeptide ¥EPWLIELIFFS MISC_FEATURE <222> (17)..(17) <223> cys &TBERAIEGATFOPMS a disulfide
bond with Cys at residue 4 to cyclize the polypeptide <400> 8 Lys Gly Gly cys Asn Gly Glu Pro Arg Gly
Asp Thr Tyr Arg Ala Tyr 151015 Cys <210> 9

[00158] In embodiments, the peptide comjugated to a carboxyl group resulting from the
carboxyl group-containing monomer of the swellable (meth)acrylate layer
comprisesLysGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:4);
AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ 1D NG:5)
LysGlyGlyLys*AsnGlyGluProArgGlyAspThrTyrArgAlaTyrAsp'” (SEQ ID NO:6),
where Lys® and Asp'’ together form an amide bond to cyclize a portion of the
polypeptide; LysGlyGlyLys4GIuProArgGlyAspThrTryArgAsp13 (SEQ 1D NO:7),
here Lys® and Asp® together form an amide bond to cyclize a portion of the
polypeptide; LysGlyGinysﬁ'AsnGlyGluProArgGlyAspThrTyrArgAlaTerys17 (SEQ
D NO:8), where Cys' and Cys'” together form a disulfide bond to cyclize a portion of
the polypeptide; LysGlyGlyCys*GluProArgGly AspThrTryArgCys" (SEQ ID NO:9),
where Cys' and Cys" tégethe;: form a disulfide bond to cyclize a portion of the
polypeptide; GlyArgGlyAspSerProLys (SEQ D NO:1i); and
LysGlyGlyAlaValThrGlyArgGly AspSerProAlaSerSer (SEQ ID NO:12).

{00159] In embodiments, the sweliable (meth)acrylate layer bas a uniform thickness. In
embodiments, the swellable (methacrylate) layer is less than about 2 micrometers in

thickness.
[00166] EXAMPLE 10: Doubling time

H7 human embryonic stem cells, cultured as described in Example 4 above, were
passaged every 4-5 days (around 75% confluency) using enzymatic sub-cultivation
procedure (collagenase IV treatment), followed by washing with DPBS, scraping and
re-suspending in chemically defined culture medium. Cell colony morphology, cell
number, viability and hESC-specific marker expression profile relative to cells
cultured in paralle]l with Matrigel surface was assessed at each passage. The doubling
time (DT) on each surface coating was assessed using the following formula where
DT=doubling time 'in hours; T= total time in culture in hours; D = seeding cell

density and D = harvesting cell density:

FORMULA 2: DT =T log2/logD —logDy
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<211> 13 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including
sequence derived from mouse bonesialo protein <220> <221> MISC_FEATURE <222> (4)..(4) <223>
Cys at residue 4 forms disulfide bond with Cys at residue 13 to cyclize polypeptide <220> <221>
MISC_FEATRIEPES5(13)..(13) <223> Cys at residue 13 forms disulfil€ HERPWIiHCENs at residue 4
to cyclize polypeptide <400> 9 Lys Gly Gly Cys Glu Pro Arg Gly Asp Thr Tyr Arg cys 1510 <210> 10

<211>15< ﬂi;<%&%ﬁo&gl&ﬁm&%ﬁ@ﬁﬁgﬁ%exp;%ﬁcnéxemﬂff@mm&’ﬁ@& #& ifededing

sequence erlve from mouse bonesialo protein
cultured under chemically-defined, animal produce free medium conditions on a

MATRIGEL™ (MG) surface, SA1 with conjugated defined RGD-containing peptide
(BSP) (SEQ ID NO:4), and a SA1 conjugated RGD-containing peptide with a linker
(BSP-PEG.) NH,-PEQ;-AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:5)
Briefly, H7 hESC were cultured on SAP-BSP or BSP-PEO4 conjugated SA in 6-wll
plates for ten consecutive passages in chemically defined medium (Xvivol0 +bFGF
and TGFb!). Cells cultured on MATRIGEL™ -coated substrate surface were used as
positive control. At each passage, cell doubling time, cell viability and expression of
Oct4 hESC marker (data not shown) was assessed. In embodiments, the culture of
undifferentiated stem cells through 10 passages is considered “long term culture” of
these cells. In embodiments, culture of cells for 5 passages, 7 passages, 10 passages,
11 passages, 12 passages, 13 passages, 14 passages, 15 passages, 16 passages, 17
passages, 18 passages, 19 passages, 20 passages or longer is considered long term
culture. Those of skill in the art will recognize that, although a popuiation of ¢ells in
culture may be or may become mixed cell types, a sufficient percentage of celis in the
cell culture must remain in the undifferentiated state for the passage to be considered
successful. In embodiments of the present invention, passages are successful
passages which retain a sufficient percentage of cells in their undifferentiated state so

as to be considered an undifferentiated population of cells.

[00162] In embodiments A method for culturing an isolated population of undifferentiated
stem cells, comprising: providing a cell culture article having a substrate, a synthetic
polymer layer disposed on the substrate, and a peptide conjugated to the synthetic
polymer layer, wherein the peptide comprises and amino acid sequence of
RGD;culturing the undifferentiated stem cells on the polypeptide conjugated to the
synthetic polymer layer of the cell culture article in a chemically defined cell culture
medium and maintaining the cells in culture for at least 5 passages, at least 10
passages or more passages. In embodiments, the chemically defined culture medium
comprises basic fibroblast growth factor and transforming growth factor-B1. In
embodiments, the stem cells are human stem cells or human embryonic stem cells,

which may be HI or H7 human embryonic stem cells.

-54 -



<220> <221> MISC_FEATURE <222> (1)..(1) 2010-08-26
5P08-18SEQLIST_ST25 <223> Xaa is any amino acid <400> 10 Xaa Gly Gly Asn Gly Glu Pro Arg Gly
Asp Thr Tyr Arg Ala Tyr 151015 <210> 11 <211> 7 <212> PRT <213> Artificial Sequence <220>
<223> Syntﬁ%‘ﬁ&ﬁﬂ&%ﬁide including sequence derived from human fibl”(ﬁ%gﬁ@@j‘é’ﬁg’ll Gly Arg Gly
Asp Ser Pro Lys 15 <210> 12 <211> 15 <212> PRT <213> Artificial Sequence <220>

{00163} In additional embodiments include a method for culturing an isolated population of
cells, comprising: providing a cell culture article having a substrate, a sweliable
(meth)acrylaie layer disposed on the substrate, and a peptide conjugated to the
swellable (meth)acrylate layer, wherein swellable (meth)acrylate layer is formed from
a composition comprising a carboxyl group-containing (meth)acrylate monomer, a
cross-linking (meth)acrylate monomer, and a hydrophilic monomer capable of
polymerizing with the carboxyl group-containing (meth)acrylate monomer and the
cross-linking (meth)acrylate monomer, and wherein the peptide comprises and amino
acid sequence of RGD; contacting the cells with the polypeptide conjugated to the
swellable (meth)acrylate layer of the cell culture article; and cuituring the cells in a
chemically defined cell culture medium to maintain the cells in culture. In
embodiments, the cells are undifferentiated stem cells, human embryonic stem cells,
or Hl or H7 cells. In embodiments, the method further comprises passaging the cells
five or more times on additional celi culture articles in chemically the deﬁﬁed cell
culture medium, wherein 50% or more of the cells remain in an undifferentiated state
following each of the five or more passages or ten or more times. In embodiments, the
chemically defined culture medium comprises basic fibroblast growth factor and
transforming growth factor-$1 which may be .about 80 ng/ml basic fibroblast growth

factor and about 0.5 ng/m! transforming growth factor-B1.

[00164] As shown in FIG. 16, H7 hESC doubling time on SAP-BSP or SAP-BSP-PEO;
surfaces was more consistent compared to the doubling time of cells cultured on
MATRIGEL™ _coated surface, which fluctuated dramatically from passagc to
passage. These fluctuations could be due to lot-to-lot and prep-to-prep inconsistency
of MATRIGEL™ -coated surface. Average cell doubling time on SAP-BSP and
SAP-BSP-PEQ, was 41(+/-6) hours, while on MATRIGEL™ average cell doubling
time was 50(+/-12) hrs, reflecting higher level of inconsistency on MATRIGEL™

surface.

[00165] Average cell viability and Oct4-positive cell fraction was identical on SAP-BSP and
MATRIGEL™ gurfaces: 86(+/-2) % for viability, 92(+/-4) % for Oct4-positive cell
fraction. The results suggest that, in embodiments, SAP-BSP and SAP-BSP-PEO;
surfaces can support long term culture of undifferentiated H7 hESC, including
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<223> Synthetic polypeptide including sequence derived from human fibronectin <400> 12 Lys Gly Gly
Ala Val Thr Gly Arg Gly Asp Ser Pro Ala Ser Ser 151015 <210> 13 <211> 20 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic polypeptide including sequence derived from mouse
laminin (CY R&1ILAODS5E3 Lys Gly Gly Gly GIn Lys Cys lle Val GIn Thr TREBERIIf/®eFsGin 151015
Cys Ser Lys Ser 20 <210> 14 <211> 13 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic
polypeptide including sequence derived from human thrombospondin 1 <400> 14 2010-08-26

5P08'188EQL|%Wg%%éli}{é,%thgﬁ Az\'ﬁelcgggGéglfa‘@albﬁ‘?t}A%g '?stdr%ge%}éted status, but

mnproving consistency of cell doubling time.

[60166] EXAMPLE 11: Testing of additional cell types

[00167) Human embryonic stem cells are difficult to culture. ~Therefore, they are a good
model to use to show the applicability of embodiments of cell culture surfaces to
provide relevant cell cultare conditions for difficult-to-culture cells. However, many
cell types are “anchorage dependent.” That is, many cells require extra cellular
matrix or serum to remain healthy in long term cell culture.  Without being limited by
theory, it may be that for adherent cells requiring serum containing media, the serum
provides a variety of adhesion proteiﬁs tn addition to mitogenic factors (such as
various growth factors) needed for celi culture.  Adhesion proteins (which may
include fibronectin, laminin, collagen etc.) present in the serum may become absorbed
on plastic cell culture ware to form attachment surfaces for adherent cells.  This
EXAMPLE shows that applications for embodiments of peptide conjugated
(meth)acryiate coatings of the present invention are not limited to stem celis. The
data reported in this EXAMPLE demonstrate that embodiments of synthetic peptide
conjugated {meth)acrylate coatings of the present invention are capable of replacing

the need for serum containing media or a biological coating.

[00168] In the following EXAMPLES, human adult mesenchymal stem cells (hMSC),
cardiomyocytes (differentiated from H7 human embryonic stem cells), human
fibrosarcoma (HT1080) cells and HepG2/C3 A cells are tested against embodiments of
the peptide-conjugated swellable (meth)acrylate cell culture substrates of the present

invention.

[00169] For the results presented in EXAMPLES 12 — 17, cells were cultured on a surface
formed from Formulation SAT1 of EXAMPLE 1 and EXAMPLE 2 coﬁjugated with
Ac-LysGlyGiyAsnGlyGluProArgGly AspThrTyrArgAlaTyr-NH2 (SEQ ID NO:4)
(BSP) according to EXAMPLE 2. The cell culture surfaces were prepared as
described in EXAMPLE 1, unless indicated otherwise.

[06170] EXAMPLE 12: Bone marrow derived hMSC celis
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1510 <210> 15 <211> 23 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse laminin (sN) <400> 15 Lys Gly Gly Ser lle Asn Asn Asn Arg
Trp His ser lle Tyr lle Thr 151015 Arg Phe Gly Asn Met Gly Ser 20 <210> 16 <211> 15 <212> PRT
<213> Artifi¢hP BEGHREER <220> <223> Synthetic polypeptide including setiepsesdsAsesd from mouse
laminin (AG32) <400> 16 Lys Gly Gly Thr Trp Tyr Lys lle Ala Phe GIn Arg Asn Arg Lys 151015 <210>
17 <211> 15 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic polypeptide including

Sequen%&?%iv%&%ogﬂg%sggg@em ighﬁgészfo%%g? c]éz # PT-2501) were expanded in 10%FBS
containing standard culture medium (MSCGM from Lonza, cat # PT-3001) on a
tissue culture treated T-75 flask for one passage. hMSC cells generally require 2-
10% serum in their culture media. On day 8, cells were harvested at ~80-90%
confluency with frypsin, washed twice with DPBS and seeded at the density of 7,000
cells/cm’® on either TCT — PS 6 well-plates form Corning or 6 well plates coated with
Ac-LysGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr-NH2 (SEQ ID NO:4)-
conjugated swellable (meth)acrylate of formulation SAl. Both systems were studied

with 3 different media conditions described below.

I} MSCGM, standard culture medium for hMSC culture supplemented with 10%
fetal bovine serum (FBS) is the standard conditions used for in-vitro culture of
hMSCs. Used in conjunction with cell culture treated culture ware.

2) StemPro MSC-SFM (Invitrogen, cat # A10332-01), serum-free medium
designed for for h(MSC culture. These chemically defined media require use
with CellStart humanized ECM matrix (Invitrogen, cat # A10142).

3} Xvivol0 (Lonza, cat # 04-743Q) + GF (GF, growth factors - 20 ng/ml
bEGF+0.5 ng/ml TGFb1) |

{00172} Cells were re-fed with corresponding medium every 2-3 days. Cell
adhesion/spreading, morphology and growth was monitored every day. On day 7
cells were harvested with trypsin and cell count was performed using TB and
bemacytometer. MSCGM supplemented with 10% FBS is the standard media for in-
vitro culture of hMSC on plastic culture ware and was the control for this study.
StemPro MSC-SFM and the XVivol0+GF (Lonza) media were chosen as they are
two well known chemically defined, sertun free media used in the field. The StemPro
MSC-SFM media is specifically designed for the culture of hMSCs and contains
proprietary growth factors etc. SAP-BSP surfaces were compared with these

standards using both serum containing and chermically defined media.

[00173] FIG. 17A-C are photomicrographs showing hMSC growth on embodiments of the
present invention compared to TCT, in three different media conditions. In FIG.
17A, MSCM+10% FBS media was used to culture hMSCs on SAP-BSP surfaces

(upper images) and TCT (lower images). MSCM+10% FBS represents the standard
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Lys Gly Gly Thr Ser lle Lys lle Arg Gly Thr Tyr ser Glu Arg 151015 <210> 18 <211> 16 <212> PRT
<213> Atrtificial Sequence <220> <223> Synthetic polypeptide including sequence derived from mouse
laminin (C28) <400> 18 Lys Tyr Gly Thr Asp lle Arg Val Thr Leu Asn Arg Leu Asn Thr Phe 151015
2010-08-26 BPESYEEEDLIST ST25 <210> 19 <211> 16 <212> PRT <2PSF/UAwfeiaNsSEguence <220>
<223> Synthetic polypeptide including sequence derived from mouse laminin (C64) <400> 19 Lys Tyr
Gly Ser Glu Thr Thr Val Lys Tyr lle Phe Arg Leu His Glu 151015 <210> 20 <211> 15 <212> PRT

2L A SN R ke 2o MU BRI R i eing S5 gpee. e rom mouse
the middle images, FIG. 17B, MSC+SFM is StemPro a specialized media marketed
by Invitrogen Corp. for hMSC culture that contains proprietary cocktail of growth
factors. In FIG. 17C, Xvivo + GF was used. This media combination incorporates
Xvivo basal media, supplemented with bFGF and TGFbl as described above m

EXAMPLE 4.

[60174] FIG. 17A shows that in 10% FBS-suppiemented MSCM media, hMSC cells appear
similar on TCT surfaces and on embodiments of the SAP-BSP surfaces of the present
mvention. FIG. 17B and € show that in the absence of FBS, SAP-BSP embodiments
of the synthetic swellable (methjacrylate surfaces of the present invention provide
better cell growth than TCT surfaces. FIG. 17 B and C show the morphology and
cell number on all culture conditions on day 7. The cell number on BSP-acrylate
surface is significantly higher than on TCT for both serum-free conditions, with cell
number m Xvivo+GF condition exceeding cell number in 10% FBS condition. In
addition, initial cell attachment and spreading (2-20 hrs) was more efficient in 10%
FBS medium compared to serum-free conditions for both surfaces. At later time
points (3-7 days) cell survival/proliferation on BSP-acrylate surface under serum-free
conditions was higher than on TCT. Embodiments of the present invention can

enable the culture of hMSCs in serum free media.

[00175] FIG. 18 is abar graph showing a comparison of hMSC cell number on TCT and BSP-
(methjacrylate after 7 days in different defined media conditions, as defined above.
While both surfaces perform comparably in the presence of FBS, the SAP-BSP (BSP |
peptide acrylate) surface provides a significantly improved cell culture surface

compared to TCT in the absence of FBS.
[06176] EXAMPLE 13: H7 hESC cells

[00177] In EXAMPLES above, the use of embodiments of swellable (methjacrylate surfaces
conjugated to peptides for in-vifro expansion of hESCs was described. In this
EXAMPLE, additicnal data that demonstrates the use of embodiments of SAP
surfaces for long-term in vitro expansion of hESC cells. While data is shown for H7
hESCs, H1 hESC cell iines have also been expanded on these surfaces with similar
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<400> 20 Lys Tyr Gly Ala‘Ala Ser lle Lys Val Ala Val Ser Ala Asp Arg 151015 <210> 21 <211> 15
<212> PRT <213> Atrtificial Sequence <220> <223> Synthetic polypeptide including sequence derived
from mouse laminin (C16) <400> 21 Lys Tyr Gly Lys Ala Phe Asp lle Thr Tyr Val Arg Leu Lys Phe
151015 <219 2P 15 <212> PRT <213> Artificial Sequence <2208 Z00800#Etic polypeptide
(AG73 with KYG linker) <400> 22 Lys Tyr Gly Arg Lys Arg Leu Gin val Gin Leu ser lle Arg Thr 151015
<210> 23 <211> 13 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide (RNIA
with linker) <408@sul3 A representation of the comparison of doubling time for H7 cells on BSP

conjugated and Matrigel coated surfaces in the media conditions presented in
EXAMPLE 4 is presented in ¥IG. 19. The data indicates that the synthetic SAP
surface is comparable or better in cell culture performance to Matrigel™ coating. In
addition, cells cultured on BSP conjugated acrylate surface showed similar to
MATRIGEL™ expression of hESC-specific markers as determined by flow
cytometery analyses (FIG. 20).

[00178] EXAMPLE 14: Flow Cytometry

[00179] At the end of each passage, H7 hES cells cultured on synthetic surfaces or
MATRIGEL™ were analyzed for hESC marker expression using flow cytometry. The
entire staining procedure was performed at 4°C. Briefly, for each sample 5x10° cells
{fixed and permibialized for Oct4, live cells for Tra-1-60, Tra-1-81, and SSEA4
markers) were re-suspended in 50 microliter of blocking solution (10% HI goat serum
in DPBS) and incubated for 15 min, followed by addition of 50 microliter of marker-
specific primary antibody (0.5 microgram/sample) or comesponding isotype control
(0.5 microgram/sample) in blocking buffer for 30 min. After washing with 2 ml
Staining buffer {SB) from BD Biosciences), cells were incubated with corresponding
secondary antibody (0.25 microgram/sample) in SB for 30 min protected from light.
After washing with SB, cells were stained with PI (2 microgram/ml in SB) for 5 min,
for viability assessment. 30,000 gated events (gating was set for Pl-negative viable
cell population) were acquired for cach sample using the FACS Calibur (BD
Biosciences). All analyses were done using CellQuest Pro software (BD). Results
are shown in FIG. 20. Results showed that expression of hESC-specific markers
were very similar on MATRIGEL™ and on the SAP-BSP synthetic surface.

100180} EXAMPLE 15:_Differentiation of H7 hESCs to Cardiomyocvtes

[60181] The culture of undifferentiated hESC on embodiments of BSP conjugated swellable
(meth)acrylate was disclosed In EXAMPLE 13. In this EXAMPLE, the use of the
same surface for the differentiation of these cells to cardiomyocytes is disclosed.
Stem cell derived cardiomyocytes may be obtained by any suitable methods. One of
ordinary skill would recognize that this class of peptide conjugated (meth)acrylates
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2010-08-26 5P08-18SEQLIST _5T25 Lys Gly Gly Arg Asn lle Ala Glu lle lle Lys Asp lle 1510 <210> 24
<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide (AG-73) <400>
24 Arg Lys Arg Leu Gin Val Gin Leu Ser lle Arg Thr 1510 <210> 25 <211> 10 <212> PRT <213>
Artificial Sedt@RELPIE <223> Synthetic polypeptide (RNIA) <400> 25PARFUASHHEEIH Glu lle lle Lys
Asp lle 1510 <210> 26 <211> 12 <212> PRT <213> Atrtificial Sequence <220> <223> Synthetic
polypeptide including sequence derived from mouse laminin (C16)

can also be used enable the differentiation of hESC celis into other lineages such as

pancreatic islet cells, neural cells, osteogenic cells etc.

[(}0182} Laflamme et al., “Cardiomyocytes derived from human embryonic stem cells in pro-
survival factors enhance function of infracted rats, Nature Biotechnology, 25: 1015 -
1024 (2007) describes a method for differentiating hESCs in culture. Briefly,
undifferentiated human embryonic stem cells, such as those derived from the female
H7 human embryonic stem cell line, may be seeded on MATREGELTM—coated plates
at a density of about 100,000 cells/cm? and re-fed daily with hES cell growth medium
(KO DMEM + 20% Serum replacement, 1 mM l-giutamine, 1% NEAA, 0.1 mM 2-
ME plus hbFGF at 80 ng/ml and TGFb1 at 0.5 ng/ml ). To induce differentiation, KO-
SR may be replaced with RPMI-B27 medium (available from Invitrogen)
supplemented with about 100 ng/ml human recombinant activin A (available from
R&D Systemns) for about 24 hours, followed by 10 ng/m! human recombinant BMP4
(available from R&D Systems) for 72 hours. Of course, any other suitable method

may be employed.

[00183] After long term culture of hESC on synthetic SAP-BSP surfaces in chemically
defined medium, cells still retain ability to differentiate into cell types of therapeutic
interest. H7 cells were cultured on SAP-BSP surfaces for 10 passages and then were
differentiated into cardiomyocytes (CM) using the same SAP-BSP surface. Direct
differentiation protocol of LaFlamme (Supra.) was used. Briefly, H7 cells were first
preconditioned for 10-14 days in “knock-out serum-replacement” media (KO-SR)
[KO-DMEM (Invitrogen, #10829018); 20% KO-SR (Invitrogen #10828-028); 1%
Non-essential Amino Acids (Invitrogen # 11140-050); 1 mM L-Glutamine; 0.1 mM
Beta-Mercaptoethanol; 80 ng/ml bhbFGF and 0.5 ng/ml hTGF-BI (R&D
Systems;#234-FSE/CF and #240-B). Upon formation of post-confluent cell
monolayers, CM differentiation was induced by sequential addition of the following
recombmant growth factors in RPMI 1640 medium (Invitrogen #11875)
supplemented with B27 (Invitrogen # 17504044): human Activin A-100ng/ml (R&D
Systems # 338-AC-CF) for 24 hrs followed by hwman BMP4 (bone morphongenic
protein 4)-10ng/ml (R&D Systems # 314-BP-CF) for 72 hrs. The cells were then
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<400> 26 Lys Ala Phe Asp lle Thr Tyr Val Arg Leu Lys Phe 1510 <210> 27 <211> 9 <212> PRT
<213> Atrtificial Sequence <220> <223> synthetic polypeptide <400> 27 Arg Gly Gly Ser Asp Pro lle
Tyr Lys 15 <210> 28 <211> 9 <212> PRT <213> Artificial Sequence <220> 2010-08-26 '
SP08-185EMU540984955<223> Synthetic polypeptide containing RGD  PCT/US2009/006597

aliowed to recover for an additional 2-week period in RPMI 1640-B27 medium.
Medium was exchanged every 2-3 days unti] beating CM were observed in cultures.

[00184] EXAMPLE 16: Cardiomvocytes (differentiated from H7 human embryonic stem
celis)

[00185] Based on information and belief, all published reports on hESC differentiation into
physiologically relevant (functional) cardiomyocytes require substrates that are coated
with Matrigel™ or other ECM proteins. The data reported in the present EXAMPLE
demonstrate that embodiments of the SAP surfaces of the present invention, including
SAP-BSP synthetic RGD-containing polypeptide conjugated swellabie (meth)acrylate
surfaces are capable of replacing the need for 2D/3D scaffolds coated with biological

coatings.

[00186] For CM marker assessment, differentiated cells were either fixed on 6-well plates and
processed for Nkx2.5/c-actinin double immunostaining {(shown on FIG. 21A) or
harvested, fixed and processed for a-actinin (FIG. 21B) or Nkx2.5 (FIG. 21C) flow
cytometeric analysis. These results show that after long-term culture (10+ passages)
of undifferentiated H7 hESC on SAP-BSP synthetic surface in chemically defined
medium, cells can still be différentiated into cardiomyocytes. The differentiation
efficiency was very similar to that seen on MATRIGEL™ surface {data not shown).
Also the data suggest that SAP-BSP surface can be used to substitute currently used
MATRIGEL™ for direct differentiation of hESC into cardiomyocytes.

66187} EXAMPLE 17: HT1080 cells

[00188] Using HT1080 cells, we demonstrate in this EXAMPLE that this class of synthetic
peptide conjugated (meth)acrylate coatings can provide suitable cell culture surfaces

for any cell type that requires biological coatings or serum containing media.

[00189] The culture of human fibrosarcoma (HT 1080) cells were chosen to demonstrate the
universality of the peptide conjugated acrylate surfaces. HT 1080 cells are routinely
grown in serum containing media. The ATCC recommended protocol for growth of
this cell type requires ATCC-formulated Eagle's Minimum Essential Medium,

{Catalog No. 30-2003) supplemented with 10% fetal bovine serum. It is believed that
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adhesion proteins within the serum facilitate the attachment of these cells to the

plastic surface.

[06190] For this EXAMPLE, HT-1080 (ATCC # CCL-121) cells were grown to 70%
confluency in Iscove’s Modified Dulbecco’s Medium (IMDM, Lonza, 12-7220)
containing 10% fetal bovine serurn (FBS, Lonza, 14-502F) in a tissue-cultured treated
T150 flask (TCT, Comning, 430825). Cell media was replenished at 70% confluency
with either serum-containing (IMDM+10%FRBS) or serum-free {(IMDM) media for
one day prior to cell harvest. Cells were harvesied at 100% confluency with 0.05%
trypsin-EDTA  (Gibeo/Invitrogen, 25300) and wash.e-d twice with Dulbecco’s
Phosphate-buffered saline (DPBS, Gibco/Invitrogen, 14190). Cells were seeded at
the density of 25,000 cells/cm”™2 in either serum containing or serum free IMDM
(+1l6éng/mL Recombinant Human FGF basic (R&D Systems 234-FSE/CF) and +
0.5ng/mL. Recombinant Human TGF-B! (R&D Systems, 240-B-002)) onto the
following 96 well plates: TCT-PolyStyrene (TCT-PS, Coming, 3603), swellable
(meth)acrylate (SA1) coated Xenor, and SAP-BSP coated Xenor. Cells were re-fed
with corresponding medium every 2-3 days. Cell adhesion/spreading, morphology
and growth was monitored every day. A ceil proliferation assay (CellTiter 96%
AQueous One Solution Cell Proliferation Assay, Promega, G358B) was used to
assess relative cell number on each surface at cell confluency - day 2 (serum
containing) and day 5 (serum-free), according to the manufacturer’s protocol. FIG.
22 15 a bar graph comparing cell titer data of HT-1080-celis on TCT, SAl
(meth)acrylate-coated and SAP-BSP conjugated coating, in the presence of serum (S,
black bar) and in the absence (SF, white bars) of serum. FIG. 23 shows
photomicrograph comparing the morphology of HT-1080 celis on TCT and
(meth)acrylate coating and BSP conjugated coatings in the presence and absence of
serum. The data from the CellTiter assay is shown in FIG. 22 and a comparison of
cell morphology is shown in FIG. 23. TCT-PS is plasma treated TCT surface. SAl
is the SA1 formulation from Table 1. SAP-BSP is the BSP-peptide conjugated (SEQ
ID NO: 4) SA] formulation. The first three images are serum-free conditions {SF,
Day5) and the last panel is in the presence of serum, at day 2. This data shows the

feasibility of using the RGD polypeptide conjugated swellable (meth)acrylate
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coatings for cell culture of HT-1080 cells. HT-1080 cells provide a representative of

engineered cell lines that require the use of serum for attachment purposes.

[00191] EXAMPLE 18: Attachment of HepG2/C3A cells 1o SAP lavers with conjugated

laminin polvpeptides

[00192] HepG2/C3A cells (ATCC # CRL-10741) were plated at 25,000 cells per well in 100
ul media in triplicate on SAP surfaces, BD BioCoat™ Collagen I and Coring
CellBind® treated Topas™ in a 96 well format and cultured at in Eagle’s Minimwm
Essential Medium (ATCC # 30-2003) supplemented with 1% penicillin-streptomycin
(Invitrogen # 15140-155). The culture medium was not supplemented with fetal
bovine serum (as recommended by the cell line supplier) nor was the SAP surface
exposed to fetal bovine serum. The culture plates were incubated at 37 °C, in 5% CO,
and 95% relative humidity for 24 hours. The cell culture plates having the SA
surfaces were prepared as described in EXAMPLE 1. Peptides were conjugated
according to EXAMPLE 2. The polypeptides conjugated to the SA layer are listed in
Table 5. Polypeptides exhibiting results better than 75% attachment compared fo
Coliagen [ (see FIG. 24) are marked with an asterix in Table 6. The line 1n FIG. 24

indicates 75% performance of cells on Collagen 1.

Table 6: Polypeptides conjugated to SA layer

Sequence Source : CLS No
KGGGQKCIVQTTSWSQCSKS
Cyr6] res 224-240 *CLS 01605
(SEQ ID NO:13)
KYGLALERKDHSG

TSP1 res 87-96 CLS 01010
(SEQ ID NO:14)

KGGSINNNRWHSIYITRFGNMGS
(SEQ ID NO:15)

mLMal res 2179-2198 CSL 01015

KGGTWYKIAFQRNRK mLMul res 2370-2381

*CLS 010620
(SEQ ID NG:16)
KGGTSIKIRGTYSER

CLS 01025
(SEQ ID NO:17) mLMy! res 650-261
KYGTDIRVTILNRLNTF mLMy! res 245-257 CLS 01036
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(SEQ ID NO:18)
KYGSETTVKYIFRLHE
*CLS 61035
{(SEQ I NO:19) mLMyl res 615-627
KYG DI
KAFDITYVRLKE *CLS 01050
(SEQ ID NO:21) mLMy1 res 139-150
KYGAASIKVAVSADR
CLS ¢10640
(SEQ ID NO:20) mLMal res2122-2132
A c-CGGNGEPRGDTYRAY
CLS §1045
(SEQ ID NO:4) _ BSP
IAc-CGGNGEPRGDTRAY :
BSP-Y CLS 01080
(SEQ ID NO:38)
KYGRKRLOQVQLSIRT mLMal res 2716-2730
CLS 81055
(SEQ ID NO:22)
KGGRNIAEIKDI
LMpB1 CLS 01060
(SEQ ID NO:23)
Ac-KGGPQVTRGDVFTMP-NH2 -
VN CLS 61075
(SEQ ID NO:39)
GRGDSPK.
Short FN CLS 01065
(SEQ ID NO:11)
A c-KGGAVTGRGDSPASS-NH;
Long FN CLS 81076
(SEQ ID NO:12)

[00193] The attachment of the HepG2/C3A cells was determined using a Cytotoxicity Assay
(Promega CytoTox 96® Non-Radioactive Cytotoxicity Assay #G1780) which
estimates the pumber of living cells attached to the culture surfaces. After 24 hours of
in culture, the cells were vigorously washed with phosphate buffer, lysed via the
introduction of the lysis buffer solution and incubation at 37C for ! hour to release
lactate dehydrogenase (LDH) enzyme from the viable cells that remain attached to the
culture surfaces. The biological activity of the released lactate dehydrogenase enzyme
was measured via absorbance at 490nm using a plate reader (Victor 3 from

PerkinElmer).
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[00194]

[06195]

The comparison of the estimated number of viable cells (absorbance of LDH activity)
on SAPs, Collagen I and CellBind® treated Topasm is shown in FiG. 24,
Comparison of the cell culture surfaces demonstrated that Corning SAPs with lamimn
peptide  sequences KGGGQKCIVQTTSWSQCSKS  (SEQ D NO:13),
KGGTWYKIAFQRNRK (SEQ ID NO:16), KYGSETTVKYIFRLHE (SEQ ID
NO:19), and KYGKAFDITYVRLKF (SEQ ID NO:22) support serum-free
attachment of HepG2/C3A cells > 75% of Collagen I and greater than CellBind®
treated Topas'™. In addition, the HepG2/C3A celis cultured on the Corning SAPs
exhibited similar cell morphology as the cells cultured on Collagen 1.

Thus, embodiments of SYNTHETIC SURFACES FOR CULTURING CELLS IN
CHEMICALLY DEFINED MEDIA 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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