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
m aintéﬁ%%&e g]lunpotent stem cells such as human embryonic stem celis (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 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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undifferentiated stem cells, such as human embryonic stem cells, in a chemically defined medium.
[0006a] Hence, in one aspect, there is provided 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 (méthyaerpretsiayer is formed from a composition comprising a#carbsogbgnosyy-containing
(meth)acrylate monomer which is 2-carboxyethylacrylate, a cross-linking (meth)acrylate monomer, and
a hydrophilic monomer capable of polymerizing with the carboxyl group-containing (meth)acrylate

monomer and thafxessdinking aratiasryate ghiianghaipaptideronigataditocarboxyl group

of the carboxyl %rgg{;;contain ng monomer of the swellable (meth)acrylate layer, [0007] In various
embodiments, a e 8§jt}f’8frp%%eﬁ?:?ﬁ6t5dccéqpéiﬂﬂw&t’§ﬂ?cféqﬁﬁfﬁ?f&?dﬁm@‘rﬁ%ﬁrﬂﬁ?@l‘@%ﬂfa
substrate surfacemfhthe cehaiiliuraiticle. shhiramonvmeeedispesed arihe sudactireiuga:a carboxyl
group-containing (meth)acrylate ross:linking. (meth)acrylate, monomey, and.a hydrophilic
monomer capab%évé?epgfyme’rigfng%ﬁﬁe% g&boﬁeﬁ%ﬁ%{%%ﬁ'%zﬁf é/ (?éegm?gér%a{gemc&\%er and the
cross-linking (meehyuenpkitecnmmso thercélhempethodkiiy ivenifidludtesspolynterizingdheimaramers on the

substrate Surfacﬁﬁf%ﬁ%ﬂl@b%"ﬁ?il?s?é%%%ﬁ%%é

F%@% thaving.an squilibrium water content in water
of between about 5% and about 70%. The ' met oaclfa o) ?nclztr?%%egﬁca:orrue%gatjflrﬂz:je {0 %h%aél\}&gﬂaefﬁ%

(meth)acrylate 18y&ciEeftddmadéitinnagust bie RGB! cordantingpoNpapbidds [0OOSTDABr more of

the various embipgimgntssprasentadingrainueyide one or more advantages over prior surfaces for
culturing stem cells, particularly undifferentiated stem cells. For example, the synthetic surfaces

reduce tial Gontamipation issues assocjated with surfaces haying.components obtained from or

derived ro%ﬂanimallesgﬂ(r%%lge s dglsf;r glcgéﬂﬁwt%vglégeﬁrg{/?%lf& %ﬁg&?f%g E’I?Efﬁen& Ated to

those surfaces witinbisleticd| sofapsrents 2T MAARIGHRD @Uked eptndiffe sediiatesk stenpretdmin

chemicalIy-defir}gdeggﬁglgglfﬁﬁh%art%g{u&%%@&te{gigg%or}t%m]il%e}%{éﬁ,i%%&d% ) Ir} a u((j:'t‘tign there will likely
' i ’ of t n

! ! & 1 .
be less batch to batch variation in the perfoiniance capabﬂlt e synthetic sur aces %Yrsc%%mlcally

defined media, FERRIRKBE iFhprocedy rdefaed sistinroped iusentbsittaemareige stafisasaftese and

other advantagassenill:beirracily uagersinadifiemuthe fliewing detailed descriptions when read in
conjunction with the accompanying drawings BRIEF DESCRIPTION OF THE DRAWINGS [0009]

FIGs. 1A-B are schematic diagrams of side views of synthetic swe lable (meth)acrylate 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 (BRIEOBTM K3 BA 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 qfflyare i | lypeptide conjugated to Q.1 micrometer. thick layers of swellable
(meth)gcrnge coa ngsi%{ia%u t%vgeﬁ%%ﬁges[éﬁ o %é%aaé%%h%oef%sg ypé\f‘f)ﬁ1 e&?omn%ee% ration vs.
fluorescence inf¥aiRPtsT pdlypephidas coatedals huvicrohfBtrentntodl steioronlistér ticksuaiiaces.

[0014] FIG. 4 issaphefiR0lYRepide ApRGERRAIRN T AP SARAN s AkRADA4A {0 Aata,Otained from
a QuantiPro BCA assay.
or more passages when cultured on the synthetic substrates.

[0006] In various embodiments, a cell culture article includes a substrate having a surface. A
swellable (meth)acrylate layer is disposed on the surface of the substrate. The
swellable (methjacrylate 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 gi-oupwontaining {meth)acrylate 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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100151 FIG. 5 is a graph of polypeptide concentration vs. absorbance at 570 nm normalized to
laminin, showing a results from an assay designed to determine the adherence of HT-1080 cells to
various substrates. [0016] FIG. 6 is a graph illustrating the relative number of undifferentiated hESC
(by AttoPhos fluorescence intensity) cultured in a chemically defined medium on swellable
(meth)acrylate substrates having particular conjugated polypeptides. [0017] FIGs. 7A-C are Images of
colonies of undifferentiated human embryonic stem cells cyl [ hemically defi diumon a
MATRIGELTmmsKLJFE%rr%%a(%\? Sateg/lvecﬁg&egl(lr%et% glﬁﬁ%%eev%l%h}yég%u%tg?gdcgﬁg%ti%le a(S% é%?‘%%l?om (as
identified in FIGBle@hedrswellable (meth)acrylate alone (C). [0018] FIG. 8 is a graph illustrating the
relative number of undifferentiated human embryonic stem cells (by AttoPhos fluorescence intensity)
culturgghin & chemigaly delnpdmadian an o suelabledmelblaceiaie caplyggted with varying
concentrations of peptide (SEQ ID NO:4) (as identified in FIG. 6). [0019] FIG. §is a graph illustrating
the relative number of undifferentiated human embryonic stem cells (by AttoPhos fluorescence
intensity) cultu?e&ﬁlbﬁﬁl‘&téﬁ’éfﬁ’?éaﬂl?lé%ﬁﬁed medium cultured on embodiments of swellable
(meth)acrylate substrates. WO 2009/099555PCT/U82009/(3;2%)§%7 0020] FIGs. WA .and 1013 are bar
graphs illustratig #He e e eriat e eimeren ads 11 ﬁl%ugég%ﬁ(%%%?luorescence
intensity) under chemigadilygiefiraehsiedimaeongditidn fomesn bosdimentsekawellable (meth)acrylate
formulations after conjugated with peptide Ac-KGGNGEP G%TYP1 _Y-NHZF;SIE IB1 I\é0:4). [0021]
FIG. 11 is a bar grapHIRRSHENG FHRYS AR R HBEF B At et A B 122 P AE S CallS (by AttoPhos
fluorescence intensity) eithibxgeionatfald)@-cand-LHkAg cordentrgtmnsmohphdl, (BE®@ ID NO:12), s-FN
(SEQ ID NO:11) and AcCKGGNGEPRGDTYRAY-NH y(gg,E . ID NQ:4) conju embodiments of
swellable (meth)acrylg'é%ggtll}lﬁg%%ﬁgﬁfﬁ 1 eﬁ%:goi aﬁﬂg}%%k‘?{ﬁc%ﬁgrrg?ﬁégo -1080 attachment
(via OD 570nm) to disulfidmihgriced)syslizedipolypeptidbtcornjeghtdahp(metivaitabies (meth)acrylate
layer. [0023] FIG. 13 is a barlgra h showing relative HT-1080 attachment (via OD 570nm) to amide
bonded, cyclized poly%glﬁ%%gﬁ %%njugated to a swellable (meth)acrylate layer. [0024] FIG. 14 is a bar
graph ilustrating, (e jelalivenumber of ypelifersliates LB SRals ik duaphos fuorescence
intensity) cultured on a swelfable (meth)acrylate layer with conjugated amide bonded, cyclized
polypeptides. [0025] Fichorsetohthapryedphldllintralat/iee Frative number of undifferentiated 1-17 hES
cells (by AttoPhos fluorescence intensity) cultured on a swellable (meth)acrylate layer with conjugated
di-sulfj nded, cyclized polypeptides. [0026] FIG. 16 is a.graph showing the doubling,time for
undiﬁégesﬁﬁite H%E‘JSSC%Y%?J E%%iﬁh&e&%%%gnﬁcﬁyggf?ﬁg ,ga?\tir%%li} p%ﬁ] lce E?quelg mec %‘r%e%onditionS
on a MATR1GHiseniflG)surfaseyassyubithie fmbttd adrilateclayettwithatohgughtedrbaineas

deined ROD-c R S R L O e L

the survival/praliferatidmbfrpuinainaesgachymabstem gallsa(HWS Q) ohcSAPRBSPr pepiilies adiylate with

standard TCT plastc cell cullie ware, o 6 J Rpsknsding. G FOPRRR9RERRGI/1RpAQ9/000507
cross-linking (meth)acrylate monomer. The method further includes polymerizing the
monomers on the substrate surface to fofm a swellable (meth)acrylate 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.



[0028) FIG. 18 is a bar graph showing a comparison of hMSC cell number on TCT and SAP-BSP after
7 days in culture under different media conditions including defined media. 10029] FIG. 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 invention compared to MATRIGELTm coating across 10 passages.
[00301 FIG. 20 shows the results of flow cytometry analyses of hESC-specific markers for I-17 hESC
culturéPBBl MARRIGELDN cdnthol vrBAP-BIRdHate Poestotphdsugies PIO0YE 1B IR a
fluorescence @@%ﬁtﬁrg@m&%@@m&%%ﬁzﬂﬁﬁ;@e&ﬁw@f@gm&yéﬁ§ diftarrntiptedon
SAP-BSP peptide conjugated acrylate surfaces. FIG. 2113 shows flow cytometry data for aActinin and
FIG. 21C showscflorelytome gyadahe.foreNinthStisasditresrosiess dittersinti s aronfipn ABSE on an
embodiment o %%%&?!!f%%ﬂ#%&%@%%% RessnLinyeption.da93e] K Gededs a0a" ianh

comparing HT cell proliferation (via absorbance at 490nm) data of HT-108-cells on TCT,
SAP-BSP surfagescies th8ushesanfissant nlobenpevidsefemifpodsliRiE DB fgreompryed tofhpiring the

morphology of HEEASG SRR ST giﬂ@rééﬂ%mé?“?%%t%ﬂ ing apd RSB cealgated eaatings in the

presence and absence of serumi0 . 24 1s a bar graph comparison of the estimated number of
viable cells (abstibimcecofitaliitdasing ronlig Aupb eCrsiiagen noenti @ ediBitser i atsatéss o pasmt [0035]
The drawings deRigled ELCSI Rl ol negessadly fo seple- LB MMM Be B UsphinIhnEICs. 1-2
refer to like componerits. ﬁowever, it will be understood that the use of a number to refer to a
component in aagdlshitfigofe tiseneyithenidesitdatiasit thedempoHentimited ometifigursubiihgled with the
same number. | 3adiop. e ise il AErRNRUBRIRIORILIR cOmARIeN IR Dol afrlec O
indicate that the different numbered Components cannot be the same or similar. WO
2009/099555PEiTAI82009i08582diF TR BESTR BT A foossletaitké detowiherderiitad
description, reference is m ' rawi that form a part hereof, and in which are
shown by Wayroe [ Illjnstcr%1 gﬁ%%\lt}(é};gﬁ s%g%%%%%rgggtg%g gevices, systems and methods. It is to be
understood that other embodiments are contemplated and may be made without departing from the
scope or spirit of the present disclosure. The following detailed description, therefore, is not to be
taken in a limiting sense. [0037] All scientific and technical terms used herein have meanings
commonly useg#}élﬂeﬁé'%aﬁlﬁﬁs@f@ W?ﬁéw%ﬁé@ definitions provided herein are to facilitate
understanding of cértain terms used frequently herein and are not meant to limit the scope of the
present disclosure. [0038] As used in this specification and the appended claims, the singular forms
"a", "af0yesid "Higisendanipass:enthodintentsingimy phiratidsferaets; urfeswyibiegontentblelarly
dictates otherwise,.As used in this specification and the appended claims, the term "or" is generally
employed in its(lrélgﬁhgg’cﬂ%ﬁ%?%eggﬁé?/%(%mljghcéegssé the content clearly dictates otherwise. [0039] As used
herein, "providing" an article in the context of a method means producing, purchasing, fabricating,
supplying or otherwise obtaining the article so that the article may be used in the method. [0040]
Peptide sequences are referred to herein by their one letter and by their three letter codes. These
codes may be used interchangeably. [0041] As used herein, "monomer" means a compound capable
of polymerizing with another 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.
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WO 20091099555PCT/US2009/000597 [0042] As used herein, "synthetic coating" or "synthetic
polymeric layer" means a layer of polymer material disposed on a cell culture substrate. The polymeric
coating does not include animal-derived materials or ingredients. For example, a synthetic coating
does not haVeitgSEolated from an animal source. In embodiments, ruBiiakieo@metr)acrylate
layers (SA layers) as described herein provide a synthetic coating. In embodiments, a suitable
adhesion polypeptide or combinations of polypeptides may be conjugated to the synthetic coating

layer forming swellabiereciiachdatiai PARIRRC ARILGRLd |AYELS FIAD J%@M%@ﬁﬁﬁg%ed herein

"peptide” and "polypeptide” mean a sequence of amino acids that may be chemica esized or
may be recombiff&htly BEPRE (b frated s Rt Ble andsceniarosprsesiaadrons asidPSources. For the
purposes of this disclosure, peptides and polypeptides are not whole proteins. Peptides and
polypeplidésimaiifaciddeiamindranid seqfleneascthat arerfsagnuénisiohasateinsrrosexample peptides
and polypeptide ' yenges k nas cell adhesion.sequences.su s RGD. In some
embodiments, t&%%%?féﬁ%%ﬁeg %rrse%e%\??rili\%vlr,ﬁl(onﬁeaﬁgcb% %\t/%g%a%ﬁlr%e gnlalia'gr%%r{%aé%ids in length. In
some embodiments, the peptides of the present invention are 15mers, 12mers, IOmers or the like. In

embodifI&ts, pelitide® maginrage InkreEstrItce v sasitas k ety pepidyoRpertRt & (ysTyrGly)

which provide ahysdisteu@iathisheraay preNidg.afacionakerasmiien sanivaatinnigiithe peptide.
Peptides may be acetylated (e.g. Ac-LysGlyGly) or amidated (e.g.SerLysSer-NH2) to protect them

from betﬁ@l?[‘jkﬁtﬂo% by, afol%%égrggle oﬁaxogo?gtidgos%s. l’g a%illnbg u %%OCOdcthat hese r?odifications
are contemplated when a sequence Is iscibsed. In additionar émbo |mensts"f‘,lr’lp5pﬂ1 ee%Slrt?(ayotr)e
conjugated to spabBEhisistioesdr dTPEONEEQAdynerpresentas; forfexeample, PEO4 or PE012 or
any length spacer. [0044] As used herein, a "(meth)acrylate monomer" means a compound having at
least orjeoatiylenically enaaitugitest rpoighy i aeytatemeiety: Ohmsrsthachilate maiety) data
"Poly(meth)acryéﬁ%gg;ie%sﬁ%%eg Q}elre%rb means aé)olymer formed from one or more monomers including
at least one (meth)acrylate mo omer. 2l%]als &' 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 il @ Amdlitt- Hvio 20007090 BSEPTIIAg S200HOTEBOVsgrbareratinamb b 8¢ oal tw88%zer up to
10,000% of its dsyiweiaht Whemsentasing mith watst.pyiiagels svellbutido netdissalve Jhe term
"hydrogel" is a road term, describing a wide range of materials, having a wide range of water
swelling and W;@?! HLPRHS J e e aRETISEE 800461 As used herein, "swellable (meth)acrylate” or
"SA" means a polymer matrix made from at least one ethylenically unsaturated monomer (acrylate or

methaclYfdtd mBHemérs) haginghatllessitsnmédegrtyofmcmbstlinkingdifulealsadda BV eier

absorbing or W@;%?M\@IIiﬁgogg&r&%ergi%iéyv%lﬁ%}%énigt@a&%lﬁ}gﬁl a&gpg%éynthgltic. That is, they

do not contain ingredients that are derived from animals or animal extracts. Swella e meﬂ1n)acrylates
may be conjugdiBeliedisdppbptrasiaisruhsteies pasing piicahetoritapgtbropatypedtide”, "SA -
polypeptide” or "SAP"). Polypeptides or peptides are fragments of proteins and may be synthesized,
makingl@iéem) syrfifietit AnOreaninmatderivedomatastals dRfeieinsteaaubeisetmed fionanisakderived
material. This SA,and . SAP material may.be referred to as a layer, ing, a surface, a material, or
any other teilli kcr%%lvrr? {i!‘nlﬂﬁeel acr%“f’?lr%q‘g‘}' tgeag Is}‘acr{fané%%udﬁag?e ?o%%éﬂ%%%%&ggﬁ%%ﬁg?ﬁﬁﬁ%‘?’p%lypeptide
sequence may recilatirefiddnificdatorik e e S APPSdH(SE A Dedi|(ryatdehwfithl an

ROD-containinw@I)@gﬁgsiq)q andimay (l}’&e{ﬂﬁ’&%%% %1%0(% RGD. Or, a SAP surface may be
conjugated to a particular ROD-containing peptide, for exan?iple KGGNGEPRGDTYRAY (SEQ ID

NO:4),i orates the.ROD adhesjon epitope, of Bonesialo protein (BSP) from mouse may be
conjugg&e?gjé ﬁ%éll blé ﬁngfﬁr)’gcwi‘éﬁgaﬁ%rﬁﬁ? (§Rﬁﬁo?&ﬁﬁ’%rt‘§(A@1‘§§?f%§ﬁ%.}lﬁl’éﬁﬁbodiments

of the present disbigsuie sthe testis dwellabihémath)estylrteimepsrseoigiartangeaofierassdinked
acrylate or methacrylate materials which absorb water, swell in water, and dp not dissolve in water.
This water-absg'?g:#l%@chrg?g%:‘%g}isﬁ’@ cah bséwgggglﬁbe@lg}%\éﬁ%g TireSPBY 84Sttt witErB8ntent
(EWC) as showarsgristipndfipdetrdn (BEQ VKD (W)= [(Mydfed MdBIG. @Y gel)] * 100. [0047] As used

herein, "have", "having", "include”, "including”, "comprise", "comprising" or the like are used in their

open efided] SeREs. andgengrally MeaneURg AU notlimited tof. lhwikkbe uadersigad that
"consisting essegr;ﬁal%y of', "con%i@ing of, and WO 2009/099555PCT/US2009/000597 the like are
subsumed in "CSMPITMHGHHRLENE (RS NLdrinEp S SRS RS RO ARSI monomers
comprising a hyeclfiopditiedhenoneied crosstiaiinghmonomtsbied:H-EaRe@KRYRERAtaININg
monomer may be formed from a mixture consisting essentially of, or consisting of, a hydrophilic
monomer, a cross-linking monomer and a carboxy! 'g‘?o‘up-containing monomer. [0048] The present
disclosure describes, inter cilia, articles having synthetic surfaces for culturing undifferentiated stem
cells. The surfaces may support proliferation and maintenance of undifferentiated stem cells in
chemically defined media. [0049] 1.Cell Culture Article



100501 Referring to FIG. 1A, a schematic diagram of a side view of an article 100 for culturing cells is
shown. The article 100 includes a base material substrate 10 having a surface 15. A swellable
(meth)acrylate coating layer 20 is disposed on the surface 15 of the substrate or base material 10.
While not sHE@&ANEAANBE understood that swellable (meth)acrylate coatingi20senag/doesgtisposed on a
portion of substrate or base material 10. The substrate or base material 10 may be any material
suitable for culturing cells, including a ceramic substance, a glass, a plastic, a polymer or copolymer,
any combil&hs tﬁ&%o‘l{,}%l""&dc AL BROFBPRTIREERGIE dbfotelatvSusRbstBSHeE B pided materials
10 include glass midtetiztscslictbas aoPikoti Mt ghasacpexsglasmdey CRinglass, Qe ghassn silicon;
plastics or polymers,, i dj riti uch oly(vinyl chl ridezji oly(vinyl alcohol),
poly(methyl methaﬁ?ﬂ%ﬁ)h %%y%@%ﬁﬁéﬁgt%%%%g gf’é%ﬁ f%‘a%(t e?, %%Lpf% ime Iﬁ%rls%l(g&ua%%te%
monomethacrylate™ &) & %Mﬁ%ﬁﬁ@?ﬁ@%&%&%&lm@&@ﬁyrene& polypropylene,
polyethyleneimine; copolymers such as poly(vinyl acetate-co-maleic anhydride),
poly(styren@igdimEkke Ahhydrive)cmpphy{ebiyiting -beo-edsijiic avicheorlervidfvesistthB3ehbF the like.
[0051] As used heggiR, ‘@ycliciigiin caRIRBE: MRRRAS Pelmel farmed._fragumar thapone
monomer species, where at least on%ﬁf %19% maonomer ﬁ%oecies IS a Céclic olefin monomer and at least
cli

one other monomeX SFENRERE ndf & frifPmofbier SPatidsER RN Embodiffents; cyclic
olefin copolymers BfeGDBEER GOMYEANENE: WKBQ0U9/009855RGTIHaE2 009 H0859eand sforbonene

monomers. Cyclic g@,@ﬁg},@g@ggg ;ﬁgig@dgﬁgspommerciaﬂy available with trade name of TOPAS(r)
from Boedeker Plastics, Inc. [0052] Examples of articles 100 suitable for cell culture include single and

multi-well , 6, 12,96, 384, and 1536 w s, jars, petri dishes, flasks, multi-layered
flasks, beé@%? p?ggé,%rﬁoﬁse? %ﬁ%%p%’s |dpe‘féf,n §J8§gavse zﬁgr{nﬂo%%rée%%grﬁn lI}Ttﬂ(j fé?é%msgfe?énc} E?Jrﬁﬁre slides,
tubes, cover slips, BHil$, torderbrisbizedrstionemissssopamdsh ik micibbir floet)euphitsirser bottles,
perfusion chambers, bioreactors, CellISTACK(r) and feimenters. [0053] Swellable (meth)acrylate (SA)
coating 20 [8ed%ideBI& siidface 26 quapihidhvemg ociaeecbIEspiidesTdhn(ai [EcoMjugated. Of

course, the one orRRAEBANBERNAES: £ ey ARY AR cakRIRd R Revel 2 pldpcations
beneath the surface 25. As used herein, "conjugated” means covalently bound. Covalént binding of
Polypeptidfifiio BcYei20 mAvesr ueueh o ke, T he Qb RERART0 e hescyel o inear
or may coritain portions that are cyclic and portrons that are Tnear. ] or the purposes of this
disclosure "peptidéslin®y poiigFaptidbiomseehes Ustdsitterehidmpdabiya Anylkbiable8acepiating 20 may

be applied to or forpad.an tog)seHtRcan® BhHaessthsraiedQplpivrtious embodiments, the SA coating

comprises, consists essentially of, or consists of, reaction products of one or more hydrophilic

(meth)acryigesmopRiNgs Ane ar: MALs drardigharungtional (petiacrate.monamer (iross-linking”

s
(meth)acrylate monomer), and one or more carboxyl group-containing monomers. Any suitable
hydrophilic (meth)&R /St HefamBroreasenes é’ﬁ?ﬁﬁb‘%ﬁ?@%ﬁﬁ?@l%‘ﬁ?%ﬁi‘fh@@thﬁﬁ%‘ﬁm i&Yefneth)acryate
monomers includes2h kydigayetaykonedbacndate; ditaihplanepivesl)ethyl ether methacrylate, ethylene
glycol methyl ether methacrylate, and the like. In various embodiments, hydrophilic monomers other

than (meﬂ'[)m%wa@ﬁ;ﬂﬁwsb@#&ﬁds%i@ﬁ?tﬁ@%o%@iﬁ%@ﬂﬁ@foﬂﬁ%&f@r@ﬁaﬂ%q{?m‘%@@&@m&ers may be
r

included in addition to, oré%%laiie of,éwy ophilic (meth)acrylate mongmers. Such other hydrophilic
monomers should"B&EaSABRE Bt YirGEPSGin G BBR/m EFEARLE Witk m B HHE 15P89HIRO mBRs Th the mixture
used to fowl the siATERISERi&thsiCiy | atefdager 2Qvdixaimglestiobatier hisgeo phitlc noongaters that may

be employed to fogpp nating inclu ~Vin - 0 S5PCT/US /000597
pyrrolidone,acrylaéng?dﬁegg %ﬁ?g@%gep%ﬁg}?nes%ﬁﬁ&% -)gnég%%yyaﬁg %ﬂeﬁggﬁyligmr%p%%%%%nd the like.
Regardless of whETFEPETHASnRER IR FRBRGARY %fmﬁéaﬁéﬁﬁ@w@d?ﬁﬂlé?éﬂﬁh%vﬁl@phiIic

monomer, in variq@Sepidiiments, 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 tetra(ethylene

glycol) dimesipacrytata. areiraiehviane @pehgise AR TRYIRESNPIPRAS Aestastviiaking
monomer. Any suigable (Ee%g%(:éylate ﬁ%%nomer hayving a carboxyl functional group available for
conjugating with & Polypept AftRrfe HidnSFRdRsAH S AT FHR el SA EBSHRFDD by
polymerization maylhecerasioyedy Tipestaebdingl functional group enables conjugation of a peptide or
polypeptide using NHS/EDC chemistry. Examples of suitable carboxyl group-containing (meth)acrylate
include 2-carboxyethyl acrylate and acrylic acid. [0051§]‘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 equilibrium water content (EWC) of the
SA layer 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 result in a more
swellable SA layer with a higher EWC. However, this may be attenuated by increasing the percentage,
or increasing the functionality, of the cross-linking monomer, which should reduce the ability of the SA

layer to swell and reduce the EWC. [0056] In various embodiments, the specific monomers employed
tn form the <A laver and their recnectivie weiaht ar voliime narcentaneac are celected cr1ich that the



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 swellable
(meth)acrylates have been conjugated with peptides (SAP), the EWC of embodiments of SAPs of the
present inveWiolWIHEYPES, for example, between 10 - 40% in water (data POt/AHawn)0§8057] 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 sppsifateierReXPOSaH (0.8 SANARYS EVAIRMIS b INEIRA: e, fSREFIHY IEUe Jhen these

materials are exposed to an agueous environment for extended periods of time, such as for 5 or more
days of cell cu|t§pﬁé?-ﬁé‘?o?&ﬁfg?y§wW@H@%ﬂ@fﬁﬁ@ﬁt arrilis cpoditiers tstudesalsaresve
measurements pg@ithat they do not absorb as much water, to reduce the likelihood of delammating.
For example, SA surfaces having an EWC below 40% may be particularly suitable for supporting cells
in culturgsiaclueli embryanic stem cells, [00581 Jt wvill rstood.that the conjugation of a
poly PR 70 b S ey s Bk SobEhT bty i 2kt cy A LB e o
the SA layer, getbiratly iprerensimpaderEW ©f The astognitefepelyeptiole Gonjrgsted ity Stidayers tends
to be variable angd.¢an-ghangs BeRAnCING Qiihe, thickness.abihe SA layer. Accordingly, the EWC of a

SA-polypeptide layers prepared in accordance with a standard protocol may be variable. For purposes
of repr ibility, | y pe desirable to sure the EWC of SA | rior tg.conjugation with a
W 1 o R e R e e e g R g
polypeptides (SAZpdifpeptideydtive MWIR i ehTNadinnehts SASARROIypdptdeldyerssmaysbe between
about 10% and about 40% in water, [0059] In various embodiments, the SA layer 20 includes
polyme[mgqf(mm).a@wt@snp@ﬁi&%&%&%@ﬁgiéen%wgu ieiRguding Rydroxyetavlmethacrylate, 2-
carboxyethylacrylate, and tetraét_ethyler_le %chol) dimethacrylate. In numerous embodiments, the ratio
(by volume) of FFAERVERRYFMEHEERIRIET 20 atBERethyPaERAat1S mMENEH AP NS HiRCHI)
dimethacrylate Bpgd 1 Brepdhe Bow\WR208/0825 5k GIkIRA0QAUOGATI 71ayesiRésis aldout 80/20/3
(v/vIv), respectively. In some e bg}%i'x ents, the SA is for ted using_the followi i!i uid aliquots of
monomers (by %ﬁ%eéﬁ?’ h%’?ogre n}ngtﬁ?f PEdEg ,?%‘5%%%(}/%%&&1—&/&%? %6‘4253 and
tetra(ethylene giydol)idinnetifabrydatic(HduiOuriaspective - bam umendus. embodiments, the SA layer 20
consists essentially of polymerized hydroxyethyl methacrylate, 2-carboxyethylacrylate, and

tetra(etjpdsne atveordimethacylatemonamers, 'ryasiarsampetiments, (9%, SAJENERED i

substantially free of polypeptide crosslin.kers. 100601 In numerous embodiments, the SA is formulated
using the monoﬁ%‘ﬁ?éﬁy’@dﬁﬁg‘f’&gﬁﬁﬂa ForfomerdioPRBIgHTI6T 46 thermBieRiers)d RRsRBifer X (80),
2- carboxyethylgtate (20), and tetra(ethylene glycol) dimethacrylate (3). Monomer X is:
Hydroxypropyl methacrylate, 2-Hydroxyethyl acrylate, | -vinyl-2-pyrrolidone, di(ethylene glycol) ethyl

h , ' h h :
ey A e R oy o OIS 0061 Ay S oy

acrylarnidopr ammonium:[0061] Any suita polyggptﬁg 70 may
be conjugated (&)Y Ialperoronp fefé RABR cpriygriplide ard f diu des psapamerd cidscapable of
conjugating to the,SA layer 20; e.g. via the free carboxyl group formed from the carboxyl
group-containing (meth)acrylate monomer. By way of example, any native or biomimetic amino acid
having jonality that enables nucleophilic addition;. e.g. via.amide bond formation, may, be included
ot iHe T B foded ot S oG ORCh e o Juie, ROMER oM. SRiEL
diaminopropriofiitsadidpanef Gk inabutgn S Ak afe ibgamples! fdbindRatitscdabingsSlitable
properties for conjugation to a carboxyl group of the SA layer 20. In addition, the N-terminal alpha
amine i@ solypeniide maydegisise GioRoN uaaietadhs-carbexygreur, fiheN-tsemipalemine is not
capped. In varigus embadiments, the amino acid of polypeptide 70 that conjugates with the SA layer
20 is at the carb&XEH & ntirtalBBsitioN of HEU D H’Pfﬁﬁ’é’lfp‘ééﬁ’fﬂéheo‘f‘fﬁ%fﬁﬁ%‘ﬁ%p%ﬁ’iiﬂ’é ¥ $6062] In
numerous emboamests ishe:folypeptdapihent anparioriheeet, Rascaehrdbesive natlvitizi.e., when

the polypeptide 70 is conjugated, to the SA layer, the peptide allows a cell to, adhere, to the surface
containing the EAp° Pff/lérp %?/QV\?%/% E&)‘(’éﬁﬁ%ﬁi W@lﬁpd%ﬁﬁj’%%’gﬁ%‘f/ 5861578%0%?1§ﬁé)%;olypeptide
70 may includeidfemmimorseeraencelfcot@celiadhesive oniidmied reah bt gelthgethe kb fitimngelatin,

fibronectin, Vitrﬁﬁ}ﬁﬁg%dlﬁgﬁ%i&e%@@%%?bL”tﬁ’ea%i éen@ﬁiiments, polypeptide 70 includes an amino
acid sequence of YaaiXaa,,ArgGlyAspXaa“,Yaa % 8? 8':1) (RGD) where Xaa and Yea 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 polypeptides may be conjugated, p“rév’iding an alternative to biological substrates or
serum that have unknown components. 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 the surface and be sustainably cultured. For example, HepG2/C3A hepatocyte
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 to which certain cells
ran attarh However hioloaicallvi-derinied cirithetratee and cariim contain rinknown comnonante Enr



WO 2009/099555PCT/US2009/000597 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 eXdfhplied/ P&X¥or Baa may be cysteine, homocysteine or penicit&miirsaoinososae
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, omithine, 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 homoglutatnic acid. In some
embodiments, ﬁ%p@%i}de 70 according to SEQ ID NO:2 may be further defined as including an
amino acid seq ag&%wgég anArgGlyAspXaar'Baa XaamYaal (SEQ ID NO:3), where n is
an integer of 0 to 4, m is an integer of 0 to 5,1 is 0 or 1 provided that the polypeptide includes at least

one Yad0os&aalremefollasapdixaieis dadependontiytaiy Dakiveonhinminetisaamnaiasidhand Zaa

and Baa are eagh jnde endep!tlé/ any native or biornimetic amino acid.having covalent bonds formed
between atoms%(t)li’El gt%%?rﬁ%é)gec |vrgogfqaéﬁc am%sl?% %?r%? 8“6131/(%%“()51 rtci’(gr%1 1cl)]fS i &Tﬁ‘b“é%ﬁ%%‘?céﬁ% Yaa or
Xaa is any nativenbrobiowritaeticduvii, avisidnay gl fordtiodsalityt tirate bablegeansicteb fhitiodedition; e.g.
via amide bond {priation 102 e aRAKY AR AR A Shatitiehetiiondinaapgbound by
theory, it is believed that cyclization of a polypeptide containing an RG_p ‘seguence may help maintain
a conformation seitiegirthsrpesaioliscionioniveriesiere ssivdedidrsetitrtinac tionaferativend fmear
counterpart polypepfides, Parigilary-when the polypeptides consist of relatively few amino acids; e.g.
less than 10. [0065] In some embodiments, polypeptide 70 comprises an amino acid sequence of
LysGly GlyGluPraArgGlyAspThrTyrArgAlaTry (SEQ ID NO:4). In some embodiments,
oype i 0 e S AP Br  od ShCaH B g Sommont) iaed 1 e
AsnGlyGluProAagGlyksp Biindrwiseg Apadifre (S E DhiD i bynin somd-enizodimentsp pépfittet70 consists
essentially of an, Aping, AGld 389EDEEO s used frequently. herein and i
LysGlyGlyLys4AsnGlyGluProArgGlyAspT Sr%@?Arg%%%P’AEEﬁ%{?SaEQ% "l’l\?g)r% aﬂv@ﬁ%rlérﬁt/g “and Aspl7
together form afcapsigéthorertent éseiesatportion of the polypeptide. In some embodiments, peptide 70
consists essentially of an amino acid sequence of LysGlyGlyLys4G1uProArgGlyAspThrTryArgAspi3
(SEQ ID0BESB57) Aslfsed MO0 84O RSP LT/ tha 2009000 %% ere LivgdianthAspd3 toggther form an
amide bond to cycli ortion of the polypeptide. In sgqme embodiments, polypeptide 70 consists
essentially of a r%éa%n,ﬁﬁga’a%xaoéne%zﬁé r?gé B#XBE 1S having ﬁural referents, BSSpT.%é/ goﬁent cZear(fy
LysGlyGlyCys4disthGly GheRPrsArgésiyasp Tin s Apepifaiinay gid (BE Gpiontia: 8imbetie: Gys4 and
Cys1? togetherdgem B diahlfidechangin (ke sARHANALINERAPSRIKE R SR CORRAYmeNtS
polypeptide 70 consists essentially of an amino acid sequerice of
LysGlyGlyCys4BatapsosigfamsaspThrTryArgeys13 (SEQ ID NO:9), where Cys4 and Cys13 together
form a disulfide bond to cyclize a portion of the polypeptide. In various embodiments, peptide 70
consistgi@ssentiadl yetideaininpaskiselueneeiat XaaIyolyAsrely GloRraArgaly AspiityrArgAlaTyr
(SEQ ID NO: 10), wherein_Xaa is.any amino acid. In numerpus embodiments, Xaa of SEQ ID NO:10 is
lysine. In some em%%sdlflrﬁéﬁ%fl%%%’esp%&éy 76 CONSISIE 882 tﬁ‘ﬂ?%’fggna%ﬁiﬁl%oﬁ% 9&‘8 é%](?e of
GlyArgGlyAspSssP ipl yedSEQd i@l 1). 100661 In some embodiments, polypeptide 70 consists
essentially of an amino acid sequence of LysGlyGlyAlaValThrGlyArgGlyAspSerProAlaSerSer (SEQ ID
NO: 120206 7 Irepi @nyeqhthe-P b rptide SROLGBREsIsEHSSRI 1BRES IRt Willhe ypderstead that a

conservative amino agid may he substituted for a specifically identified amino acid. A "conservative
amino acid”, as“08&Y HERSMCIETE LAY bniseriHBeEdan®RaP 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
structu@@ifunétiorsest thesipo pemtier Acuowling tonpeibirepsbie of piduesriTng followicthfive groups
each contain aming,acids thal Afe.consaryative sybsiiiionsdor 9@%9%@%%“%9%&&@%?”6 ),

Alanine (A), Valine (V), Leucine (L), Isoleucine (1); Aromatic: Phenylalanine (F), Tyrosine

Tryptophan (WFOSRRUREdraitin §ihvrenmaame kWi seanpe ) bpnsimolgisne gt pfdae (K),
Histidine (H); Agigicbhepantio 2siddl). Bluiamicasll (FndsbaragingdN)s GIamine()nQn6s] A
linker or spacer 80, such as a repeating poly(ethylene glycol) linker or any other suitable linker, may be
used to increasE3iSEMERHLM bBRIFEbtide 70 to surface 25 of swellable (meth)acrylate layer 20. The
linker 80 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 ethylene glycol units. In some embodiments,
the WO 2009/099555PCT1US2009/000597 linker i's7a'repeating poly(ethylene glycol) linker having
about 4 repeating ethylene glycol units. All, some, or none of the polypeptides 70 may be conjugated
to SA layer 20 via linkers 80. 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([3-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.
Polvvnentide 70 mav be connninated to QKA Iaver 20 at a dencitvy of hetween ahoniit 1 nmol ner rnm?2 and



WO 2009/099555PCT/US2009/000597 to improve binding of coating 20 to substrate 10, to facilitate
monomer spreading, to render portions of the surface 10 that are uncoated cytophobic to encourage
cell growth on coated areas, to provide a substrate compatible with a monomer or solvent where the
monomer or¥BI¥HIRtompatible with the base material 10, to provideRGpagraptoeiseatures 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
coatingoff] Vakous-RA¥BE! Baseneiriedamd 4t Mgwbaderiahia loRyevide-ansinterpedate layer 30
of polyamide, polyinaide, polypropylene, polyethylene, or poly(meth)acrylate. While not shown, it will
be understood ARYPEAREHA %) OB GRP LT o e Baiion B TRTETRFEG SpatAF&ICSD P will be
further understaonhdbatnitarnadiatenayei-30 snayheddisRosed0aamsIdion Shbase waiekal 10. [0072]
In various emb dimeg , surface 15 of ba efmaterial 10€ig treated, eithe &Jf\ésically or g%imically, to
impart a desirabie PYSpeH BFLAEF 2 eRARSH TS sTTHRARL S5 o gﬁ(ﬁﬁ’ié RS WRER S ed below,
surface 1$ maynigghganytmaectientedSAdasnma dsaktedibEkhmpie prividcu ummbeatmospleritnpressure
plasma includ i frequency. RE angd microwave mas_both primary and secondary, dielectric
bather cischar e e e N cygen,
nitrogen, argovecarbegrdibiidbe aimtusioritingrieystdovaper s¥a02Blebnctvatntplay@epddsvhether
disposed on apdniemiediaie laxarmBi . 8ase material 10, preferably uniformly coats the underlying
substrate. By "uniformly coated"”, it is meant that the layer 20 in a given area, for example a surface of
a well ultyre plate, completely, coafs, the area at, a thickness of abqut 5 nm or greater. While the
ok U] B ISR Bou B o B VA00) S GEEAD SHAARES DR BREBH the
uniformly coatéd sunfacal$ythyotighixwtioh the badethyiigrayér fetthed ibternnadistedayssidddr base
material 10) is aesxgl%srgd.m eeigsr?r%on?nses crosgegor}%gi{%m su(r)faecs:eosf nsd C{gcli)es ur?é)reev%ggsble than cell
responses across uniform surfaces. 4TSN polymer co%‘tlfﬁgﬁayer may have’ n§ esirable
thickness. In vaiibnelEpabodimarstichebeier apetatnick nésisideshd aealnpeltides 2043 fessatean about 10
micrometers. FALRAIRIS.E,a e ase JNCkERAY DG RSHNAR A0S W fRprides and
2009/099555PCT/US2009/000597 micrometers, less than about 2 micrometers, less than about 1
micrometers, IBSYRRBEASHBIY OnS iR fsHstares betwesh enbedssionsemeass se8oesBFdr about 0.1

micrometers. [Q0sthd: ERep@lyiaRs, Matpsist desming-SclRUe RedhaY L6 BEasslinked any suitable
degree. Low degree ofgrosilinlc'ng may result in partial or complete SA layer dissolution and lower

polymerizatiorf FARRASIEE ATCISRES: hiR SPGBt (L RER S R P HShRH S FE R Rayer 20 is
between about.99meandighet, I%UmiPOFHiHATRle IDemipodlinerguseibodisdantéds talteulture ware

having a surfage suitable for cel u ab 96, 384 1536 well plates, jars, petri

dishes, flasks,gﬁ%lﬁﬁ%%és}lé% ﬁés}g%%e@é‘%s%g‘/eé’f roller b I%%?%zsv%ﬁ%hpég\gﬁ%ar%gﬁsed and

m_uItichambere&@nﬁumweaémbwidgver @mﬁpbdggrme_rrfgran@mlwﬂmv fibele, Ipeptideand

microcarriers, p&ﬁmmm;}egeba%@{%a?ﬁ&g'%%@B@@ﬂ%ﬁ%&@ @.g!%I%Q~M>f?5mentefS- In
in a cell cu

numberous embodiments these Cell culture surfaces are contained ure well."Referring now

to FIG. 2, artichEeiesd s dEpiohsisgniatekea slomas&mite farIphas arapddasiie df mdkedells 50.

Well 50 includgsdersisinal SRe306md SHdacshd 2rRefaiingiie i KheaBiGequSR £OAtRGIZQ May be
disposed on 5;195133;615 or sidewalls 55 (or, as discussed above with regard to FIG. 1 one or more

intermediate | PraY BRCABYELY BeRR P AR S VL WP IR A58 AR T O M E20) or a
portion thereobE s Stiivimdn bd@re2ént ab, oay-benpateyith 20y ad0 18 éhhoevarious
embodiments, article 100 includes a uniformly coated layer 20 having a surface 25 with an area
greatefoia aROWs MG, O AT AR AR LS 0lampSHIARR flec. e e area of
the surface 15 is too small, reliable cell responses may not be readily observable because some cells,
such as humaffeisBisalic axstiratarl i ddr e Bblomas b elusters breiditeBoi$iEing a

diameter of abpulRR-MRranetadeouaie surfacednsasialisiRersHrAtashnaaptyRf selicient
numbers of colonies to produce a quantitative cell response. In numerous embodiments, an article 100

has a well 50 VTGS AMGHEAHAR Ll Pet fact RS XA PR irface 15 has an area greater than
about 0.1 cm2, greater than about 0.3 cm2, greater than about 0.9 cm2, or greater than about 1cm2.
2.Coa[ﬂ?§_iif Shirtitetic ‘Sydiitable mdttdacsddto Id_agtaf'rbA ssihthdticeswveftable (Hethyaeljlate (SA) layer
may be disposgea A.aufareiol 6l gHieATtiE's Nin ATy Ko O R Agveloped process.
Preferably, the synthetic SA layer provides a uniform layer that does not delaminate during typical cell
culture

-8-



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 substrat&iehyefedtFémical adsorption, hydrogen bonding, surface integersetationssonic bonding,
van der Waals forces, 10hydrophobic interactions, dipole-dipole interactions, mechanical interlocking,
and combinations thereof [00801 In various embodiments, the base material substrate surface is
coated accordin tgleaigegchin of §(9,7pgngjingoa liggdion,seri g&éﬂ%%ﬁ%ﬁ Jiled orseven date
herewith, nami%xga%%ﬁou et _arl.egs |n\t/oentors, and ent&ﬁegCEfL CULTUR ARTICLE 15 AND
SCREENING, Wiichaigsphizarimslisssiébytideagsiatetiherdin orelerdrasslinits #ath&¥or all
purposes to the. extept that,i Q%é&%gerafélﬁra%m@jﬁa@&ggsw& REgsentednersitinAumerous
embodiments, monomers are deposited on a surface of a cell culture article and polymerized in situ. In
such embodim¥&ate, aPRoBHEhatsHAISHAFbe 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 jo s oulk phedehdreambodiizdhts ok the@résehbin VB Afionepel yanerl zatto rmathu kogkase, in situ
polymerization. yields a_cell culture surf hat js.a nefw rkgdnpgly e g aurface.. This petworked
polymeric surfgzxgllsazc?teaasrtl iﬂ?grp%gﬁ%%g%%ypg%%%ﬁ: net%\l/%rﬁ._ I%_Z e 1%odi?nents., %héﬁnetworked
polymeric surfazenpisvitldartipinasitisqsbdlyonesizistitns atfavives tonkiveesbbstralze, daewnord@laminate,
and sunvives indh.Aguequs,aRAiranael okgell cultuie withquh delaminating lguperiags gbtime that

ss than

are relevant for cell culture. In embodiments, the monomers are less daltons. WO

2009/099555PXHg 2 0Fb G057 e Behy PrE aiRsFfisoisithire ean demvid TRmOANTRRRR of the

synthetic swellahig.(nagthlacrylate-materiahdmbefosmeds Hne ofskilbindheafsniide ableto readily
select a suitable solvent. Preferably the solvent is compatible with the ateria% tgrmiwi cell culture
article and the FRSABe R SHaRks F2 taesilE o BASPILD vent thaPRIFSRISKic o thie célls to be
cultured and thaiigiaes detdniesiere:yitle thegpelymefipatteimseacdtionyAltespativelys @ rrimldadgition,
selection of a spluent (hakcan be, substantiolly completely. femoved oL remored o an,exient that it s
non-toxic or no ongé?ln?erferes %ﬁﬁ’po ymerization may be desirable. 1R suc circumstances, it may
be desirable thitrtes switeeial b saiiyandri dVabksenitoay harsifeosdditisns lamshaeoyidetigm or
extreme heat. yolatile, SplYents afe SxamalesAnlisHehRadbLremovrble salvents (QR8R1zome

solvents that may be suitable in various situations for coating articles as described herein include
ethanol, isoprdﬁgnﬁf}%ﬁetyﬁﬁéﬁéfé?‘élﬂiypab@@@@ﬁi??@fﬁ%%ﬁ?ﬁéhﬁaefwhﬂ?ﬁ%liﬂme%ﬂ/lsuIfoxide
(DMSO). As degsribed inseor pepdingmpplicalipn.sedalwien MMIGISEofilesipr syendate-hexewith,
entitled CELL CULTURE ARTICLE AND SCREENING, volatile sqlvents, such as acetone, methanol,
ethyl acetate, BiFARSHEEESARR! IESHropdhd, Hhd SPHRIAABY JREEHEAEIC 9% LSRR icularly
suitable solverrs;vhentinsngesieilito remexanssiy enGRNioE EPROPTMERZaHoSHQ082 INFrd)monomers

may be diluted with solver}gebiééﬂyaséiﬂtable amount %achie e the de%é%vgcosg%gs%dm@}qnomer

. IREOIDOraies esion epitone oi Bonesialo prgiein TO .
concentration. &Ceﬁjera Yy the monomer compaositions usedgacc rding t teaxéhlngs presented herein

contain betweén abgug8civtate abyorit 209 mvnerektS povapoaf Edhiple, rennondideBiiy be
diuted with angignol orethgrspleatio pipvide asomposiion bgingetieen ahguigs and
r

about 50% monomer, or from about 0.1% to about 10% monomer by volume, from about 0.1% to
about 5% mon@raEnasyERmeDeperE R apran of PYesolaediatsiai ApMErBy VRGeS monomers

may be diluted,ith selvept saithatingisweliable (methipcatadaner achiavas amgsikesdhickness. As

discussed above, if the deposited monomers are tgo thick, a non-uniform surface may result and the

coating may liIEBRPRIERRATATE Al ShBScESHHRPER SLUREER G GAulibrium water Content
(EWC) as shown by Formula 1:

Formula 1: EWC (%) = [(Wgel — Wdry) / (Wgel)] * 100.

¥ 13 el <L

{0047 As used herein, “have”, “having”, “include”, “including”, “comprise”, “comprising”
or the like are used in their open ended sense, and generally mean “including, but not

limited to”. It will be understood that “consisting essentially of”, “consisting of”, and
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WO 2009/099555PCT/US2009/000597 [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
intermediatéM&y3@p8/tPE8hown). In such .embodiments, the intermediate RaJ&rA 4 Eferred to
herein as the "substrate” onto which 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;f the %QIE%%%'RN%&H?&@QP?WQ@ 16Y8N10 the-basermaterial Suriage. to
|

facilitate monomer spreading on the base material surface, or the like. Of course, the base material
may be treated fOFF T Gr FYSEEAith OGRS SRS At rayBHinMaRRIBE emBodiments, the
surface is plasniaiifeatasnstigh suifacareprigy0bRivable.fionmsHehdraatnevtormay factitate
monomer spreadinauand uniform coat%lr'%% #0?87‘11 In addition %o the morlzc))‘rers that form the swellable
(meth)acrylate IAYer 8 EERIPO%i6HT0 ! &I KBFHIRE iRt & "B RS iGnAPEompounds
such as surfactéintsnavetiingnagemnis; plibtaiviitatorscdhadinal initiasars, catalysts, activators, and
cross-linking agents. [0088] Any suitable polymerization initiator may be employed. One of skill in the
art will ygaaitly berabled@selechassHitable initiatar,.£ gi:a radicatinigialyy oy Aeatiogiesipitiafgr, suitable
for use with the monomers. In various embodiments, UV light is used to generate free radical

monomers to infIEIER AR PERRIEREstisR008Y ARPSSHEBRSS HRtoT RISy bR JEBERIERaMiPles of
polymerization iniiatarsminciida DrEaai6ReEoxXides: 17k campeundse GiHARARa Nitroso compounds,
acyl halides, hydrazones, mercapto compounds, pyrylium compounds, imidazoles, chlorotriazines,
benzoi zoin alky rs,.diketones, phenones, or mixtures thereof. Examples of suitable
commgfocéipa ly aéailablgf% L?t%i/tll&%tg}ﬁcl%%ated and visible light-activated photoinitiators have tradenames
such as IRGACURE 651, IRGACURE 184, IRGACURE 369, IRGACURE 819, DAROCUR 4265 and
DAROAURM 1 kTR e BIf addilabiechomties stiagmae sty cifmiiats of atytsire 09 & wo
2009/099555P GIAsE20QH0R0RY 6k UDIR N TR @oaned ik ded R Dhkd Rk gomsseseially ravailable from
.BASF (Charlotte, N.C.) [0090) A osensjtizer may also be inclyded ip a suitable,initiator system.
Represontative [ RSIBEEASI S AL BN SR SC B HES AneporPLy TRt EE mereor
PhotosensitizerEShe#vilg satcarbonyl igreupatnciLde. beizaphendnsyracetophbnonédsrbendikhat
benzaldehyde, Q- r e, xanthgpe, thioxanthong, 9,10- anthragui nd other
aromatic keton&&%ﬁé%c@%@%%%gw%n e%ﬁa%% %§ n%géplc?}%%greijan})& iﬁgiégﬁgﬁ%%r%%eqfa%
ethyldiethgnolam@fﬁé}aﬁrié%aﬁ@%tﬁﬁﬁéwh@ybﬁ@thytéml@hdl&nmﬁ,@nwimﬁthsilérﬁih@éthﬁ@'enzoate.
Commercially ayailahle phatoseRsifzets elide QUANTICYBELTS, QUIANTISHRE: QT %o-
QUANTICURE PTX, QUANTICURE EPD from Biddle Sawyer Corp. 10091] In general, the amount of
photosensitizePFSNFRBtFTHItRABLEIeR MSSFYary ffofEBBuL D O BABUBIRIVGERIHE (0699} Examples
of cationic initiaigsiinelvde.salis 00l Gations, Skemaaanisuifanirsoslisnaswell asrex
organotnetallic salts such as]éon arene Sé?etems}%)w%ln various elér(nbodime ts where the.monomers
are diluted in s&N&ht hESrEBENJEEBo &S o the s dbattite YuRSER e LHIVEMEsTEIBYEA prior to
polymerizing. Tidysadvent suey basrepdyedryy anyistiiia)le poechanismabiopodcesseiirgethgial about
80% or more, about 90% ar more, about 95% or more, or about.99% or more. of lvent may be
removed prior trg%%%l;%lg% atibh ?):&g%%sc%ee{%ﬁﬁc%br%%ﬁl&nfgggﬁé% |bnpsong¥ig%uﬁ}8$ﬁﬁ?ep "R even date
herewith, namifyRroeiiacstiag imvehcor@sﬁndmﬂym@dscﬂuurmw RﬁimmmtmeEENlNG,
it has been foupgihayamevabelanisiantialy abaliiheRoleRt ArBtp VNG llaws fnpgiter control

of curing kinetics and the amount of monomer converted. When conversion rates of the monomers are
increased, wastBlyERERALI SR NRDEGRGIELiEM) Afe 2B AR [00OW[ TBISHS e fithetidSwellable

(meth)acrylate gst{ageethe mapemersiae polymerized. Whether polymerized in bulk phase
(substantially solvent free) or solvent phase, the monomers are polymerized via an appropriate

initiati hanism. ny of.such mechanisms are,well known.in the art. For example,.\WO

2000/ R P R0 s SRHP RIS ALe M NS A SRRl
photoinitiators ﬁmm%ﬁvat@diw eﬂm@%@ieift@?;apmdpfri@@ mﬁ@mg{w@ﬁ?ﬁgh@ @V.Qﬁe ﬁl@ﬁmcgording
to numerous emRQdiments, the NN MANRmer WLE s x‘f&r%dc%lﬂgéi’e\ﬁxlﬂ%lmgﬁf‘eﬁu”ng

preferably occurs under inert gas protection, such as nitrogen protection, to prevent oxygen inhibition.
Suitable LTV ligPfceomBihBdwittreResisetéotioitif 8 Hersarel yorymee dorversipmintiiéoating

integrity and reduce cytotcndcity.
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[0095] The cured synthetic swellable (meth)acrylate layer may be washed with solvent one or more
times to remove impurities such as unreacted monomers or low molecular weight polymer species. In
various embodiments, the layer is washed with ethanol or an ethanol-water solution, e.g. 70% ethanol,
greater than"oDWWREIEY, greater than 95% ethanol or greater than abour@BUs B3 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 accuganae b g eacingz Rerin ot @wning|k RRMMErGMalk e ihile such

layers may include local variations in structure and properties, the variations tend to be random, as
opposed to intelEhbadairmetivbrE R &n5e S prekrerdanisWi¥Cussed above, in many
embodiments, a swellable (meth)acrylate layer as described herein is polymerized from monomers in
situ whijegsztoritasingith tHeusithstide oftidecil cellturdéranticiel@09nk palypeptidelindyide
conjugated to the polymerize labl h)acrylate layer via a it echnigue. olypeptide
may be conjugastltlaéélel t?)g;@bgyrggr\gzge&d gl\}?e(}lrgﬁe ﬁ%ﬁ%tgéfy%ﬁé Fa%%%%%%%%%hﬁ%%%%ﬁ amino
acid, a carboxy flesiinbtakerinplasie, wilan intdenabzdainsuabids Ormenbgibiadeaitigharihusies 1 -

ethyl-343-dimetgyiamingpiapyll,carbegdignidg: iy dinehlofde, (=RE)/ MhygkoxysucCimgride JNHS)
chemistry, as generally known in the art. EDC and NHS or N-hydroxysulfosuccinimide (sulfo-NHS) can
react with carbGR{AIGFBHIS of WS SWERBIEHethpeEiae R8I prodiee amirtettedivE RIHS esters.
EDC reacts with;a;Gagbexid-group of the swellable (meth)acrylate layer to produce an amine-reactive
O-acylisourea intemiediate that is susceptible to hydrolysis. The addition of NHS or sulfo-NHS

stabiliz ampine:reactive 0-acyliso intermegdijate by WO 2009/099555PCT/US2009/000597
converﬁlﬁlg it'to aﬁ"g%ﬁlgr?% {rnégé%% I{ﬁ?FStJ%Sr‘iﬁ? c?fRﬁ?gi gg%}, %ﬁl%%%n%cfo%g%v%%époﬁgc%e S%Ge.
Following activatidypebtidessibatiailec(mathiataglafy kopese titee polypeptide rabpeheaebd howed and the
terminal amine g ihg.PolypeRIide 63" SACTYI 1 AineJeastine ASiR! Ladgun s stalieamide bond,
thus conjugating the polypeptide to the swellable (meth)acrylate layer. When EDC/NHS chemistry is
employed to cogm@@té‘@w&fﬁéﬁﬁG@Wtﬁ‘é"%@ﬂéﬁl@%e sxelsmatending: ot NReHim AP 4fnino acid
is preferably angming containing AMRRaaith SHERASTHEIPERERERINSY lamiRahiuliis agidaor
diaminoproprionic aicd. Of course, any acceptable nucleophile may be employed, such as
hydroxylamine<SHR/g¥SAREL ﬂ%f?ﬂ@/}é, LA18 TRERAP 0688 E SRYRREI & /e mistry results in a zero
length crosslinking of polypeptide 70 to swellable (meth)acrylate layer 20. Linkers or spacers, such as
poly(etH)ffdé gEmolihnkerpdecy. cdveilabieshlos®uinrpiiBid Desigipelihymtida a termisaliasdine may

be added to th%&@ﬁ%@@d@@'n&@ﬁ&%@i&@'ﬁ@@&%@%%ﬁﬂ@%ggea lipks' forihe Ndefminal
amino acid, the linker is preférably ‘a N-PG-amido-PEGx-acid where PG is a protecting group such as
the Fmoc groupsiiecB&TH B 8B Hyrdbiy sty cBtheiiBiath ShelasreteEpitE Sinthesis
and X'is 2, 4, 6 -8ndids 24Lh@yathesdisareie BE Gudiich pasube avaiable. 1RO omniads
embodiments, a 1 p.M - 2500 JIM polypeptide fluid composition, UC(?@%S a splug%n uspension, or the
like, is contacteBRFHRAH 246 RRRPREEI e (hetR9atrithte faytfRE CSRTGAR t e&ﬁ%& fde. For
example the polypepiide cancenlndtian Maxhsdetines mahond0Gpd anrd abend2008imi4] between
about 500 p.M and abou 1500 1, or about 1000 B, 1wl e understgod fat the olume of the
polypeptide corﬁ{)%g)ltléjrr]l AN the CoRcentration may be varied to achieve A desired 8en5|ty Sf

polypeptide cori}_gameigbmdhéfswe_ﬁ&bIeﬂm@ﬂdﬁbchy@@?eﬁ@@%?%@m@@emimimﬁbe cyclized
or include a cygj d%’@@ﬂﬂyf"?%(eﬁ‘rﬁ&?ﬁﬁe’]‘%ﬁ'@&ﬂ}@%"@%&)‘[@ﬁ‘fﬁp PRlyPeRifle. mayDe.aMRiQyed. For

example and with reference to Example ‘4 below, an amide linkage created by cyclizing the free amino

functionality on glicapprebihesbs aeilaricehahs dke alfreatBiheRpogiBhof b upbibpriate
amino acid sideghaimefisansitimtaieranerde Bxample 4delow i@ dirsuitfidesinkag@ndVQhese
2009/099555PCT/US2009/000597 may be created between free sulfydryl groups of side chains
appropriate am B TSTARNED SPHERIES UBA%e PARVStfted et HiiTe iay b BrREiRN etto form
cyclic polypeptides{(phpRriiprthibaraad . Monsmy:ef Sxampliesrmhethoplis ilesosineakia, ugpid be
W01989005150 may, be employed to farm cyclic pol tides. Head-to-tail cyclic polypeptides, where
the polypeptidegaﬂg 8 é)rfle 5?%%%%%%&) @Wgezrﬁnﬁ]é” é%ﬁg%%ﬁ%%x%%s%%%p{ﬂ%%a%r%etégri#nlﬂes may be
employed. An alterhatierto the distifide boed aouleidbdapedidelehidaripdedaisitizetvig defdnacysteines
or mixed seleni i d .1@s ihadj |de et ak 19 e rm [
41(3):502-6; Kogig%ggga ?1 éghg??er%% P%gég%gulﬁg4%1%6-%§0§%ﬁ ges{gg%?n% T\]/I\g?gtljgr, 1997,
Journal of Peptide Science, vol. 3, 442-453. [001011 3.Incubating cells on synthetic swellable
(meth)acrylate layer containing conjugated polypepﬁaé 100102) 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,
hiit mav alen he non-mammalian cealle cr1irh ac hactarial vaeact ar nlant calle TOO1021 INn NntiMearot 1



WO 2009/099555PCT/US2009/000597 stem cells are pluripotent stem cells, such as pluripotent
embryonic stem cells isolated from a mammal. Suitable mammals may include rodents such as mice
or rats, primates including human and non-human primates. In various embodiments, the swellable
(rneth)acryla3O-28¢p38556de layer supports undifferentiated culture of embeysnsemstermeslls 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% continency is
dependent on medias ding density and other factors as know tp.those in the art..It has heen found
that stem cells gﬁ%ﬁ%@&% descr zééﬁ?i the Exga?%%fggr 3%1?3&5&%%?%%?;%?&3%? %between
about 3 days arfgnabpuut.dayisthgdreralRepuitigsabb S idays. (et rBesansetuenan etryonic
stem cells (hESG) e the eyt IrowRseqminvaly i celtute inag.undifiereniaigd giate, the hESC
for use in this invention may be obtained from'an established cell line. Examples of human embryonic
stem cell lines tFRIFRAVE Bedtristabilsaeerimiuaercoot aenadinitedtosamHe! moter.119%r 1414
(available from Wifaglt establisheadyrihesbnyersith M Wiseonsinb thompaons( 808 Ggience
282:1145); hESgEYGI\B-O , hNESBGN-02, hESBGN-03 (BresaGen, Inc., Athens, GA); HES-2, HES-3,
HES-4, ITES-5 B1ER eSSy eI O RS BRI nely St SRS S BRYL OF SERA RS Uhiversity of
California at Sacrésalisisag) mb@orthS.2, Ady3shiaHi6 (heR)al 3lake3 AdaarivedAtiaeaTegbsign-Israel

Institute of Technol Haifa, Israel); SF-1 and UCSE-2 (Genbacev et al., Fertil. Steril. .
83(5):1517-29,%6%% |n§§°liﬁfé’§‘%?’i#f%é8%é‘ﬁg%?% “ﬁgﬁégﬁ%??%%i\?gé’%r g&fo‘l}‘;’na”ﬁncﬂihse ACT-14
(Klimanskaya einabmcanicdt, 186584 B1): £686n4 122 005 rdbyniaryorticrstery cedlsupdolyil thelirvention
may also be obiaj it ' ryonic tissue. Typi hig is ( Jsingfrazen in vitro
fertilized eggs aktatkﬁg%?agggggﬁ %E%Qéugv%%#%%%ﬁ%‘?ﬁ%ﬁ%}#sgfbé g%?cu%%é’?j ?0%0%%#%thgelﬁggurces of

pluripotent sterNEBHER{E| chramistie dekpmmete piutipdirerrrbraiy] grRS)-cengiims calsveteyiaiccells,

obtained from ajuNeRIe QrRFWEmATRalSHEh A58 unan, that are genetically modified, e.g., by
transfection with one or more appropriate vectors, such that they are reprogrammed to attain the

phenot a pluripatent stem cell such n hESC. Phenotypic traits attained by thes
sl o g b S R e R
2009/099555P ¢dity 82 000D 5 9% hiastd oy Strathieliyie s unfasenantigé f- #Xpressionyigemerexpression
and telomerase.activity. re j t ived embryQni X [ pically
have the ability Ct%%%\#]téyrlé nﬁ%ﬁ%ﬁ%@%ﬁéﬂ géllﬁﬁp%%%h%ﬁ;t%%?%h?%?ﬁ%@ g@?‘% aiys/aéé;s:
ectoderm, enddBerAEAd medbdarmedtivelips Benslllike HEBCIadoatihee patsas wheatmjected into
immuno-deficiefaige o) SEIR Bl Takaashiohabu MO AbhFHE) Bkt (2007)

Science318:5858). [00106] Prior to seeding cells, the cells may be harvested and suspended in a
suitable mediutf¢stieHai&a 5?6\%%&%&%%%%&%%8%@1@%%%@8@Iﬁﬁ&?ﬁr@‘?@%@d onto the
surface. For exampieh thepklie maydie:suspgadeshiniancnssriiured ifbi SPURGOoRaining:ARredium, a
conditioned meQW@, or.a cg‘gmi&?”)&de ine%medtiu . As used herﬁain, "chetmicall -defined medium"
means cell cultlire media that Containg nd components oF tRAGRAE SIS RiReh CEHEATERNS defined
cell culture media fragydmalgyiouSEncbediindaty, montainme/pidteins) d ydhosythtesibrypdptides of
unknown compggiqi%TIg%mfe&gm@gé@%@%\ﬁ@nditioned 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
variabilty flcelFr8H8RS SR AN HBRLH BE APRTERSBRP FTROTIBIBHRS. isiiithsnS théapeiseiiity of
contamination iheeduaedtitiikanhihe abilibetpescalepp ismateeasihdue; alleasiiinpan, to the

factors discussed ahove. Cg}ﬁ,r?ic ly defined cell culture medig are commercially available from
Invitrogen (Invigic‘)'{g:re%a&g?pora |o%,%ﬁﬁef3§rg§) z}lf Agv%nrﬁu%g]%?gé‘r’x gﬂ%‘??@fﬁsﬁ%&%ﬁﬁf ?r%a 92008)
as STEM PROsa oyl semtminiap difesdes:fiea{SEN) speriatysfernbatiitechfrodasthibetdwthimnd
expansion of embrygnic stem cells, Xvivo (1.0 , Q‘?b%e nologies .asmleSRTmI
maintenance media for hug[a%n g’mbre or}écegsl.%énmggi)ezﬁ%. %’Orp}ﬁ%r%-l:’oerg?n%%éﬁg%\fvt or %lﬁ‘?,e??actors may

be added to théighsgitmPhowhien belfsrditintdbaked withistiBesy ritvietizedveipiditheth)adiylate layer
conjugated to RAlYRRPURS{FARST iR fasiarsday facilitale ellulaneroliferation: 3hesionne
self-renewal, differentiation, or the like. Examples of factors that may be added to or included in the
medium includ tisde Wb HIgR A a6 IR IveRiienaar danse RFTFGFaw fador (VEG),
interleukins, nesstevera\wth fadtaoh GEwary bwoRAILEDYDIBtelRle M ind 40%, between 5% and
2009/099555PCTIUS20091000597 derived growth factor (PDGF), epidermal growth factor (EGF),
activin A (ACT) such as activin A, hematopoietic grolth 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) | and Il, transforming growth factors, such as
transforming growth factor-P1 (TGFpl), and colony stimulating factors. 100108] The cells may be

seeded at any suitable concentration. Typically, the cells are seeded at about 10,000 cells/cm2 of
crthetrate t0 ahoirit OO ONND celle/em?2 Eor avamnle celle mav bhe ceaded at ahoirit BO OO0 celle/cm? of



WO 2009/099555PCT/US2009/000597 undifferentiated stems cells culture on SA-P surfaces for 5, 7,
or 10 or more passages retain the ability to be differentiated. [001111 In the following, non-limiting
examples are presented, which describe various embodiments of the articles and methods discussed
above. EXAMPEES/®O8F121 EXAMPLE 1: Coating Preparation f001131 Sy¥dlistols/(neéth)acrylate
coating surfaces were prepared from LTV polymerizable monomers and include a hydrophilic
monomer, a carboxyl group containing monomer, and a crosslinking monomer. Table 1 shows the

combination of:swellable (etlagyIaemonomers@mRIgvas, Asshownin Jeble d dommulations SA

IA and SA | have the same monomer composition. They differ from each other in that SA1A is diluted

in ethanol in a 84 9¢datereiternvi0dviang Spistdmteertn Siamsl i3 % orwetetyvIBdE@stration or
higher. The dilytigigafmenamers.diidadn ahanakaneshaw? ndpbiaidgdebleithshpugdhe chemical

structures of the monomers used. Table 1:Swellable (meth)acrylate formulations employed
Formulation N&SAFHr8ph RS ooRTRIWBIET) Sardkyl Yrdbh RERtAMIRERIERoMEY (D51, 95)
Crosslinking menesprY, Héaka4) BALARL SAater (datz 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
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hydroxyethyl methacrylate (80) 2-carboxyethyl acrylate (20) Tetra(ethylene glycol) dimethacrylate (3)
SAS3 hydroxyethyl methacrylate (60) 2-carboxyethyl acrylate (40) Tetra(ethylene glycol) dimethacrylate
(3) SA5 poly(ethylene glycol)(600) dimethacrylate (80) 2-carboxyethyl acrylate (20) SAI | hydroxyethyl
methacrylateM@)R@4amasdxyethyl acrylate (10) PCT/US2009/00059"

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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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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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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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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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
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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.

[0672] In vanous 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.

[0673] 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.

[0074] SA polymer coating layer 26 may have any desirable 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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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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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
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,
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 Zhou et al..as invenfors, and entitled CELL CULTURE ARTICLE
AND SCREENIN’G, which aﬁpiicaﬁon .is fxeréby incorporated herein by reference in its
entirety for all purposes to the extent that it does not conflict vy‘ith 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
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
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

solvent to reduce viscosity prior to being dispensed on the surface. Reducing
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viscosity may allow for thinner and more uniform layers of the synthetic swellable
(meth)acrylate material to be formed. One of skill in the art will be able to readily
select a suitable solvent. Preferably the solvent is compatible with the material
forming the cell culture article and the monomers. It may be desirable to select a
solvent that is non-toxic to the cells to be cuitured and that does not interfere with the
polymerization reaction. Alternatively, or in addition, selection of a solvent that can
be substantially completely removed or removed to an extent that it is non-toxic or no
ionger interferes with polymerization may be desirable, In such circumstances, it may
be destrable 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-

P&, 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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[0685] In vanous 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, the intermediate layer will be referred to
herem as the “substrate” onto which the synthetic swellable (meth)acrylate layer 1s

deposited.

[00686] 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.

[6087] 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.

[0088] 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.

[0089] 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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H3co-/N-ii.,:--7-"---9-0 - a-iCH.,O Isobutyl acrylate 0 H2c ,c FIs 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 - WO 2009/099555PCT/US2009/000597 was added.
The diluted WETIRIEPSRellable (meth)acrylate formulations were added ®CTAgASFMOSIsMa 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. [00115] Each well received a predeteimined
swellable (meth)aCiyiatermorameUDm atian, Wtirsemetve hs Heivlg ot TAIRIGELTmM as a
positive controk e coatings were applied to result in an average thickness of 0.5 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
formul R4S, therbiiasrarBvema alsedndvaads] Byageiatbnatiasens temmperatarestsfa Yours in a

fume hood. Th&ﬁ%@ﬁ‘ﬁéz\é&%rﬁa‘i&e&%ﬁf\ WithA3mUen? Ruises (AARHR Mivisht enan RC-801)

for 1 minin NZR%urged box (with fused silica window). [00116] For a number of the swellable
(meth)acrylate TRPHRARHEALS AERS % SERABH PR R AL el S e PHRARS PRI BPE2PIR% ethanol
solution of acrykgA0neeReksden i8I Creliarsaf0-3 vk ethamnel aelution of athyhe, monmers,

resulting in 5 nanoliters of monpmers per well (0.3165 cm2) and a coatjng.thickness of 0.13-0.20
icromters. PARKTAHBIIR ot BRTGh S AARF o LN e A YOI SRRy & in Table 3

below. Table isivedabkehirhtasndateméopthyldichamalathoen ceisttatiohsiotuples gpptibd Formulation

No. ethanolamine, and dimethylaminoethylbenzoate. Commercially — available

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

[66S1] In general, the amount of photosensitizer or photoinitiator system may vary from

about 0.01 to 10% by weight.

[6092] Examples of cationic initiators include salts of onium cations, such as arylsulfonium

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

[0093] 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. EeisEEes 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 soivent prior to curing, allows for better confrol of
curing kinetics and the amount of monomer converted. When conversion rates of the

monomers are increased, waste generation and cytotoxicity are reduced.

[0094] To form the synthetic swellable (methjacrylate 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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[6095]

[0096)

[0097]

temperature may be increased to activate a thermal initiator, photoinitiators may be
activated by exposure to appropriate wavelength of light, or the like. According to
mumerous embodiments, the monomer or monomer mixture is cured using UV light.
The curing preferably occurs under inert gas protection, such as nitrogen protection,
to prevent oxygen inhibifion. Suitable UV light combined with gas protection may

increase polymer conversion, insure coating integrity and reduce cytotoxicity.

The cured synthetic swellable (meth)acrylate layer may be washed with solvent one or
more times to remove impurities such as unreacted monomers or low molecular
wéight polymer species. In various embodiments, the layer is washed with ethanol or
an 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.

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.

A polypeptide may be conjugated to the polymerized swellable (meth)acrylate fayer
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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[0098]

[0099]

[00160]

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.

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.

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.

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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[00101}

[00102]

[00163]

may be created between free sulfydryl groups of side chains appropriate 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.

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

copjugated polypeptide

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.

In numerous embodiments, the cells are stem cells which, as generaily 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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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
polypeptidesAMTYBRISIySerAspProlle TyrLys-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- d'm%{é‘ﬁkaé@ﬂﬂ‘%@é%% g@@&%&ﬂ&%ﬂy%%*%@%ﬂ&s&&@&)éﬁﬂ? YEEQEHPEIINRIdG(NHS)

chemistry. Brleé_y 50 p.L of 0.1 mM EDC and 0.05 mM solution in DMF were dispensed into a
well of 96-well dJeic dlEFERREoly PR EHaRY Wit RdHdpieodren ey e simelaliSh. The

activation of camy{@ reusdnRSHRINeshio RiRseatioplrkRd), and-hensthe,Betivating salution was
aspirated. Immedia after that, 50 uL of polypeptide solution in 25m bfF%hosphate b ffern§ 7.4 were

dispensed into f'ﬁi‘ée AN TR o VBB e [ AUPRGRS WEiErspiip 15EpRBEFimary amine
groups was careedrouhiat asbiesitscasdition fasrd. 5hs@dgdihemthﬁqnemui&geéumme aspirated.
Immediately after that, 50, pl. 18&1} ethane lamlne S'H §60t835 in Wat%'gh ﬁ(? ‘ft%yeng,e nbo tthe well
and the blocklnB rea%?lon r?eénouct at Amoient condition Blockir Ing “Solution
WO 20(19/09955&?@13&82@0973&05%' fuasdispiratedharit shenfiel v sswiaptmtbniitn phabphate

buter, 1% SDS.solytion.and finalydeianizedwater, Flygieacengs was Quanifisd ysing gdecen

microarray scanner. the polypeptides were quantified with the QuantiPro BCA assay kit

available from st%aﬂﬂwwwmﬁa@mﬁ% Boueaie ddooo@l 2bouki > sommineney MM, 5
MM, 1 MM, or QMM.JotalRentide.fahle 4Bariides conitaated-tasuvsliablg.gneth)acrylate surfaces

and tested in
[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

-28 -



hESC culture 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)
LysGlyGlyASHEHEIHPRSArgGlyAspThrTyr ArgAlaTyr (SEQ ID NO: 5)  PCT/US2009/080597

blastocyst as well as surface antigen e.xpression, 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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BSP (mouse) AsnGlyGluProArgGlyAspThrTyrArgAlaTyr (SEQ ID NO:6) 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) cyclicBEBULENGlyCys AsnGlyGluProArgGlyAspThr TyrArg AlaiGFEFRA9/€4394-Cys17
disulfide bonded cycle (SEQ ID NO:9) cyclic BSP LysGlyGliCys4G1uProArgGlyAspThrTyrArg Cys17
Cys -Cys13 disulfide bonded cycle (SEQ ID NO: 10) BSP (mouse)

XaaGIyGIyAsn%C%(é Pr%ﬁv%g?agé?@lg@%r @pr%A Ia-gyrgrowth 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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(SEQ ID NO: 11) short FN (s- FN)(human) GlyArgGlyAspSerProLys (SEQ ID NO:12) Long FN (I-FN)
(human) LysGlyGlyAlaValThrGlyArgGlyAspSerProAla SerSer (SEQ ID NO:13) CYR61 (mouse
laminin) LysGlyG)yGlyGInLysCyslleValG1nThrTlu-Ser TrpSer G1nCysSerLysSer (SEQ ID NO:14)
Human throMB38puInisL LysTyrGlyLeuAlal euGluArgLysAspHisSer Glp(SEQHB/MEe15) SN
(mouse laminin) LysGlyGlySerlleAsnAsnAsnArgTrpHisSerfie TyrlleThr ArgPheGlyAsaMetGlySer (SEQ
ID NO:16) AG32 (mouse laminin)

undifferentiated stems cells culture on SA-P surfaces for 5, 7, or 10 or more passages

retain the ability to be differentiated.

100111} In the following, non-limiting examples are presented, which describe various

embodiments of the articles and methods discussed above.

EXAMPLES
[00112] EXAMPLE 1. Coating Preparation
[060113] Swellable (meth)acrylate coating surfaces were prepared from UV polymenzable

monomers 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 SALA and
SA] have the same monomer compostiion. They differ from each other in that SATA
is diluted in ethanol in a 0.1% concentration v/v while SA1 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 of the monomers used.

Table 1: Swellable (meth)acrylate formulations employed
Formulation Hydrophilic oMonomer Carboxy.l group Cmsslinkingo
N (vol. %) containing monomer {vol. %)
0. o
monocmer (vol. %)
SA1A or | hydroxyethyl 2-carboxyethyl Tetra(ethylene
SAl methacrylate (80) acrylate (20) glycol)
dimethacrylate (3}
SA3 hydroxyethyl 2-carboxyethyl Tetra(ethylene
methacrylate (60) acrylate (40) glycol)
: dimethacrylate (3)
SAS poly(ethylene 2-carboxyethyl
glycol)(600) acrylate (20)
dimethacrylate (80)
SA1l hydroxyethyl 2-carboxyethyl v Tetra{ethylene
methacrylate (90) acrylate (10) glycol)
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LysGlyGlyThrTrpTyrLyslleAlaPheGInArgAsn ArgLys WO 2009/099555PCT/US2009/000597 (SEQ ID
NO:17) 068 (mouse laminin) LysGlyGlyThrSerfieLyslleArgGlyThrTyrSer GluArg (SEQ ID NO: 18) C28
(mouse laminin) LysTyrGlyThrAsplleArgValThrLeuAsnArgLeu AsnThrPhe (SEQ ID NO:19) 064
(mouse lamiMif) LRSIy SerGluThrThrValLysTyrllePheArg LeuHisGlu (SBQ$EMN@E0Y A208
(IKVAV) (mouse laminin) LysTyrGlyAlaAlaSerfieLysValAlaValSerAla AspArg (SEQ ID NO:21) 016

(mouse laminhi)

dimethacrylate (3)
SA12 hydroxyethyl 2-carboxyethyl Tetra(ethylene
methacrylate (70) acrylate (30) glycol)
dimethacrylate (3)
SAI13 Hydroxypropyl 2-carboxyethyl Tetra(ethylene
methacrylate(80) acrylate (20) giycol)
dimethacrylate (3)
SAl4 2-Hydroxyethyl 2-carboxyethyl Tetra(ethylene
acrylate(80) acrylate {20) giycol)
dimethacrylate (3)
SAlS I-vinyl-2- 2-carboxyethyl Tetra(ethylene
pyrrolidone{80) acrylate (20) glycol)
dimethacrylate (3)
SAL6 Hydroxyethyvl methacrylate | 2-Carboxyethyl Tetra(ethylene
{80y acrylate (20) glycol)
dimethacrylate (1)
Sa17 I*i)édroxyethyl methacrylate | 2-Carboxyethyl Tetra(ethylene
(80) acrylate (20} glycol)
dimethacryiate. (10)
SA18 Di(ethylene glycol) ethyl | 2-carboxyethyl Tetra(ethylene
ether methacrylate(80) acrylate (20) glycol)
dimethacrylate {(3)
SA19 Acrylamide(80) 2-carboxyethyl Tetra(ethylene
acrylate (20) giycol)
dimethacrylate (3)
SA20 Ethylene glycol methyl | 2-carboxyethyl Tetra(ethylene
ether methacrylate(80) acrylate (20) glycal)
dimethacrylate (3)
SA2L 3-sulfopropyldimethyi-3- | 2-carboxyethyl Tetra(ethylene
methacrylamidopropyl- | acrylate (20) glycol)
ammonium(80) dimethacrylate (3)
SAD2 Di(ethylene giycol) ethyl 2-Carboxyethyl Tetra(ethylene
ether methacrylate(40) acrylate {20) glycol)
dimethacrylate. (3)
Hydroxyethyl
methacrylate(40)
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LysTyrGlyLysAlaPheAsplleThrTyrValArgLeu LysPhe (SEQ ID NO:22) A073 with LysTyrGly linker

LysTyrGlyArgLysArgLeuGInValGinLeuSerlle ArgThr (SEQ ID NO:23) RNIA with linker
LysGlyGlyArgAsrilleAlaGlullelleLysAsplle (SEQ ID NO:24) AG-73
ArgLysArgL 8UEIPEREIFLeuSerlleArgThr (SEQ ID NO:25) RNIA peptide PCT/US2009/006597
ArgAsnlleAlaGlullelleLysAsplle (SEQ ID NO:26) 016 (mouse larninin)
LysAlaPheAsplleThrTyrValArgLenl,ysPhe

SA23 Acrylamide (40) 2-Carboxyethyl Tetra(ethylene
acryiate (20) glycol}
g i late. (3
Hydroxyethyl dimethacrylate (‘)
methacrylate(40)
SA24 Ethylene glycol methyl 2-Carboxyethyl Tetra(ethylens
ether methacrylate (40) acrylate (20) glycol)
dimethacrylate. (3)
2-Hydroxyethyl
methacryiate (40}
SA2S 3-sulfopropyldimethyl-3- 2-Carboxyethyl Tetra(ethylene
methacrylamidopropyl- acrylate (20) glycol)
. dimethacrylate. (3)
ammonium inner salt (40)
Hydroxyethyl methacrylate
(40)
Table 2: Structures of Monomers

2-hydroxyethyl methacrylate

O
HiCy ML~ _OH
I
CH;

2-Carboxyethyl acryiate

H2C o

O /\/Lo H
oy o
HoC O{\,o%/\o)kfcﬂz

Hg Hy

Tetra(ethylene glycol} dimethacrylate

Tetra(ethylene glycol) diacrylate

=0
=0

~CH;

Helxo “O/\VD"/\“O'A\—’O"‘/’\G' P

poly(ethylene glycol)(600)
dimethacrylate
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(SEQ ID NO:27) Synthetic peptide (scrambled ROD) ArgGlyGlySerAspProlleTyrLys (SEQ ID NO:28)
Labeled ROD Rhod-GlyArgGlyAspSerProllelleLys-NH2 (SEQ ID NO:29) VN (human)
LysGlyGlyProGInValThrArgGlyAspValPheThr MetPro (SEQ ID NO:30) ROE

GlyArgGlyGHi8em4EaETyrLys (SEQ ID NO:31) 13SP (modified)

PCTUSZ009/000597

LysGlyCilyAsnGlyGluProArgGlyAspThrArg AlaTyr 1001191 Many of these sequences have a

Lys-Gly-Gly (KGG) amino aC|d sequence at the N- termlnus The Lys amino aC|d has a S|de chain

containing an
coating. The G
ROD epitope 4
with the cell su

ly-Gly amino acids were used to serv
away from the coated surface to enable
rface receptors. It is conceivable that the linker sequence is

) asiq
optl raction of the pé

ot required or a s

I bio“spedcific i

late
Ative
pptide
horter

sequence can

b[eytésed Alter at'\tll?lél rﬁr in addition, non-

[00114)

roxypropy o
HQCﬁ/u\o/\/\OH
CHs
2-Hydroxyethyl acrylate
0
sp A g OH
I-vinyl-2-pyrrolidone
N
LN
Di(ethylene giycol) ethyl ether
methacrylate o
Hl’cﬁ/lko O ey
CHs
Acrylamide
O
HyN J\_;, CH,
Ethylene glycol methyl ether
methacrylate . Q oCH
S S
CH;,
3-sulfepr0pyidimethy1—3- o
: CH O
methacrylamidopropyl-ammonium HaC 0~ ii/'\.s" -0
CHa CHs )
Isobutyi acrylate
o}
HEC%/“\O
CHs

Brefly, 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
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- 38 - WO 2009/099555PCT/1JS2009/000597 amino acid 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 be present or absent in embodiments of the peptide sequences of the present
invention. [OBTREE%RES3 shows fluorescence data regarding the ability GfGIfHBdeFPRptides
(AcArgGlyGlySerAspProlleTyrLys-NB2 (SEQ ID NO:27)/RhodGlyArgGlyAspSerProllelleLys-N1-12
(SEQ ID NO:28)) to conjugate to a swellable (meth)acrylate coating of Formulation SA1A prepared as
described abougaslaedA Thariimageehihefluaesern e dnigRICRFRIE FRNINgRIGH e average

approximately 1 micrometer thick layers of the swellable (meth)acrylate coating, in increasing

concentrations B E5t8 MBS LEHFHNY #IE ol isoprlimsg B mide Seeridethidhsity of
peptide conjugatediig avifeageianprdivaighné gisigmeates thigkdayers nitheswellslieek
(meth)acrylatelx;r%aitsipf% lg increargin concentrations of peptide from 0 to 1000 riM. FIG. 3C is a graph
of peptide concentration l@ﬂ%nf Kﬁe\%‘. fluorescence intensity for peptides coated on the 1 micrometer
or 0.1 micrometer thick surfaces. As shown in FIG. 3, the amount of peptide conjugated to the coating

increadB8iiiih frshtivelcowssttrd atiprrdseonjosdtvisibibife (rriboresdean ondntersitfesfolatiimswellable
(meth)acrylatespribge WelWadHe RgR CR:th W RRECGEL 15 1o WhiICh-Replides1er&.cRnvgated

using the same protocal, suggest that peptides are immobilized at the surface of the coating, rather

than evenly thristiGHARRESSL AR SFERE Bhanaeraaictrrkasmar fromismistyprirsbulk¥ethe swellable

(meth)acrylatestare waidehexpeast aneidas ofweagridudaddiffarenae inlueseseancs, intensilies for these

two coatings. [%%EZAOJ&LSFI(E 4a§hotW8 Ehe results of the QuantjPro BﬁA assa%de_scribed in EXAMPLE 2.
Analyzing the PESHUS comju XTRH el BRHECRSE T acryidte MsultEtisinQatshsSithnc¥ k8’876 AU at

570 nrn. Lineafitgtiasrplge ruechbetwedorraindidfs).ighn 1 dihsrsihowaheyithedinerimnibe:figske). Although

the resulting d Wwas; cloge 8thg limit of detection (1 u /n%L)dther sulting density corresponded well
to the density obt ineé #omrélu%rggl(%eﬁ%%engx%éﬁrﬁgh‘% llgaG pm%ﬁ?r?r%;#o? %%ﬁﬂg%ﬁvg?g %ﬁgollmmZ for

fluorescence). 9064 224t Xawibem 3pplsed G800 B atNeHight &XdnproREr&fionfasdaysnWON,

2009/099555P&&E@%@Q%@g@gﬁgggﬁ&g%{&%aluate ability of a polypeptide conjugated to
embodiments of swellable (meth)acrylate using these conjugation methods to enable cell adhesion

and prqlj iqn, peptides Ac-LysTyrGlyArgLysArgLeuGlnValGinLeuSerlleArgThrNH2 (SEQ ID
No:22@}§é€-’t7§,g’5% lg §§¥v%%6l%¥p§i‘g%@g¥% &E%E@‘tﬁ%ﬁ%?&é%‘ﬁ%‘é’%& B AR Rt SBEEAD NO:30)
(ROE, a negatwas conted e re momigatedii6.swetiablbamethjatoylate {agliteserbasdabave) and

adhesion of FIT-1080 human fibrosgycoma cells to the swellable (meth)acrylate was evaluated. Briefly,
Laminin (5 ug/miL, SiSma—Alg'r?ch) cor?tré?%%ﬁs \Sﬁtiaa\krl%e;loéioa?f{[\feecii ?gfgf h%lairl%l ?o%ﬁ%%ﬁ%&é&rg All wells

were blocked WARlimEseR mensstem ptb arelin((BEAJ ierphesdratesuffetidiertine {PESYTEP 1 hour at
37C. Wells weggcwashied brigfy.ills RBRSIIS ncubation wii R 198 BadwnssepisMadified
Dulbecco's Medium (IMDM) prior to cell seeding. 1-1T-1080 human fibrosarcoma cells (ATCC number:
CCL-121) werES&beﬁfﬁ‘PE’\ﬁlﬁﬁ)lo(‘l‘ionza) with 10% PBS (Lonza) to 90% continency at standard cell
culture conditions. Cells were trypsinized and allowed to recover in IMDM with 10% FBS for 30
minutes at 37€2BkTO2. Aftelkddovensticelsywee fvashied@nd 1eduspendedtiom/L8uBSA in IMDM
and seeded ogpgﬁggde-conjugated plates at a density of 30,000 cells/well. Cell adhesion was allowed
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minutes at room teroRa@iden 8ellular Rbspiptiosn of miyasaviolet was meaniiieehibrenghsadgition of
1% SDS in H20 for 5 minutes prior to gbsorbance measurement at 570 nm. For this assay, after
polypeptide ¢orjligation the remaining NHS esters &h the swellahle (meth)acrylate were reacted with

ethanolamin Hable
(meth)acryla

of HT-1080 qélis¥o embodiments of SA
3. The relativ

to that of cel

29 flllliIIUplUpyI morphot
e. [00124] FIG. 5 shows t

he results from the HT-108

+ Arinn tintal £ g
e 0 reGuCe UptraKe-ot-crys

htal v a~lat Ao basztlha oy
ar vioretuy yrtresSvwe

0 adhesion assay, showin

j adhesion

AP surfaces of the present

invention, asxescribed in

EXAMPLE

%Rgmber of adherentcet
s on |.aminin (via OD570r1

son-swettabte(methjacrylts
m). The peptides were teg

P | PR o A AR QO
tepeptiae straces was-fid

ted at 100um AG-73 (SEQ

rmalized
ID

NO:24), 10,
normalized t

L&kt 0 UM concentrations

5. OD570nm measurement,

s were takenXand the read

ings were

b RN adherence.™AG

=73 15 SAP-AG=T3(SEQ

MO AW A L7011 AR
D INU.Z4). L;“{J’-{\UIJ 1S SA

10 - WO

-AG-73

(SEQ ID NO

24) which was blocked w

2009/09955*

5PEHUS2009/000597 pol

th ethanolamine prior to - 4

ypeptide conjugation "RUBE

" is SAP-RUE (SEQ ID NG

is a nonadhesive pepiide. [001251 HT-1080celisadheredspecific
LysTyrGlyArgLysArgLeuGlriValGInLeuSerlleArg

ftytoadhesivepeptideAc:

:30). ROE

Thi"NH2 (SEQ ID NO :22) (AG-73) and did not adhere

to surfaces (1) that were blocked with ethanolamine prior to peptide conjugation (shown as 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
an adhesive surface, while 1 ulvl AG-73 peptide solution did not result in cell adhesive surface. Very
few cells adhered to SAP-bAG-73, indicating that AG-73 does not non-specifically adsorb to the

ovnthetic nnl

\/ymearie <lirfare



[00126] EXAMPLE 4: Assays for culture of undifferentiated stem cells [001271 Cell adhesive peptides
were selected for use with hESCs as listed in Table 4. This list of polypeptides contains peptides which
have been shown to target the two important cellular receptor classes of integrins and heparan sulfate

proteoglycaME(HEPESFSThese peptides also encompass sequences frofth&S2asiigddmains and
chains of laminin. Also, cell adhesive peptides from other proteins have been included. [00128] To
screen the peptides shown in Table 4 for their ability to provide satisfactory cell culture surfaces for
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- 43 - WO 2009/099555PCT/US2009/000597 culture ware (plasma treated TOPAS(10). SA1A is a
swellable (meth)acrylate formulation with and without conjugated Ac-KGGNGEPRGDTYRAY-NH2
(SEQ ID NO:4) (as identified in FIG. 6). SAS an alternative swellable (meth)acrylate formulation shown
in Table 1 WY GPHREAEIE conjugated ACKGGNGEPRGDTYRAY-NH2 (SEQiDShM@4)MG is
MATR1GELTm control. As shown in FIG. 9, Formulation SA5 did not provide a coating that supported
undifferentiated hES cell culture in the presence of chemically defined media comparable to that
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0.25% at 2 micrbffds}: The thratisessomnssted dnmysHab psmepibseart Esréesmpie, thi8fBodiments,
it may be importgrgda.apakatain the SA coating thickness below 0.5um. Accordingly, the manner in
which the swellable (meth)acrylate substrate is prepared as well as the chemical composition and
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response of undifferentiated stem cells to embodimehts-of ROD peptides where the ROD epitope is
derived from the human fthronectin protein conjugated to (meth)acrylate coatings are presented.
[00141] Fibronectin is a cell adhesive protein. A polypeptide having the cell-attaching activity of
fibronectin and incorporating the ROD epitope was previously identified (see, e.g. U.S. Patent No.
4,661,111). In this EXAMPLE, a 15mer sequence (SEQ ID NO:12) (designated as long-FN or 1-FN)
from the human fibronectin sequence was conjugated to the SA1 SA coating. Tthe impact of a shorter,
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[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 NOWG reiad9mERGGNGEPRGDTYRAY-NH2 (SEQ ID NO:4), theeBBPspeptideswere
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.
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Ac-LysGlyGlyLys4AsnGlyGluPrpArgGIlyAspTIu-T;

(SEQ ID NO:6), "cyclic BSP 17-mer”; (iv) Ac-LysGlyGlyLys4GluProArgGlyAspTlarTyrArgAsp13-NH2,
Lys4-Aspl13 amide cycle, (SEQ ID NO:7), "cyclic BSP 13-mer, (v) Ac-LyS Gly GI'y Cy s4AsShGlyGIuP
ro Arg Gly AspThrTyrArgA laTyrC y s 17-NH2, Cys4-Cys17 disulfide bonded cycle, (SEQ ID NO:8),
"disulfide-BSP 17-mer" shown as FORMULA 4; and

[06119] Many of these sequences have a Lys-Gly-Gly (KGG) amino acid sequence at the N-

esized
ation,
vere
ES

terminus. The Lys amino acid has a side chain containing an amino group and is used
for conjugating the peptide to the activated (methjacrylate coating. The Gly-Gly
amino acids were used to serve as a spacer designed to project the putative RGD
epitope away from the coated surface to enable optimal bio-specific interaction of the
peptide with the cell surface receptors. It is concetvable that the linker sequence is
not required or a shorter sequence can be vsed. Altemnatively or in addition, non-

2138 .



(vi) Ac-Lys Gl yGlyCys4G1uP roArg GlyAspThrTyrArg Cys17-NH2, C ysti -C y s 13 disulfide bonded
cycle, (SEQ ID NO:9), "disulfide-BSP 13-mer". Table 5 (SEQ ID NO:6)
Ac-LysGlyGlyLys4AsnGlyGluProArgGlyAspThr TyrArgAlaTyrAspl7-N112, Lys4-Aspl7 "cyclic BSP
17-mer" amigepete9fFiG. 13) Gly-Asp ----- A"Thr Pr o\ Tyr \ Glu \i?vg Giit/skaobsmxss17sf)
Ac-Lys-Gly -61yCONH2

amino acid 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 be

present or absent in embodiments of the peptide sequences of the present invention.

[06120] FIG. 3 shows fluorescence data regarding the ability of a mixture of peptides (Ac-
ArgGlyGlySerAspProlleTyrLys-NH, (SEQ 1D NO:27)/Rhod-
GlyArgGlyAspSerProlielieLys-NH, (SEQ ID NO:28)) to conjugate to a swellabie
(meth)acrylate coating of Formulation SA1A prepared as described above. FIG. 3A
15 an image of the fluorescence intensity of peptide conjugated to average
approximately 1 micrometer thick layers of the swellable (meth)acrylate coating, in
increasing concentrations of peptide from 0 to 1000 pM. FIG. 3B is an image of the
fluorescence intensity of peptide conjugated to average approximately 0.1 micrometer
thick layers of the swellable (meth)acrylate coating in increasing concentrations of
peptide from 0 to 1000 uM. FIG. 3C is a graph of peptide concentration (0 to 1mM)
vs. fluorescence intensity for peptides coated on the 1 micrometer or 0.1 micrometer
thick surfaces. As shown in FIG. 3, the amount of peptide conjugated to the coating
increases with peptide concentration in conjugation buffer. Fluorescence intensities
for the swellable (meth)acrylate coatings of two thicknesses, 1 um and 0.1 um, to
which peptides were conjugated using the same protocol, suggest that peptides are
immobilized at the surface of the coating, rather than evenly through the bulk of the
swellable (meth)acrylate. If evenly through the bulk of the swellable (meth)acrylate,
one would expect an order of magnitude difference in fluorescence intensities for

these two coatings.

[00121] FIG. 4 shows the results of the QuantiPro BCA assay described in EXAMPLE 2.
Anatyzing the peptide conjﬁgated swellable (meth)acrylate resulted in an absorbance
at 0.076 AU at 570 nm. Linearity was observed between 1 and 15 ug/ml (as shown
by the line in the figure). Although the resulting data was close to the limit of
detection (1 pg/mL), the resulting density corresponded well to the density obtained
from fluorescence experiments (5.6 pmol/mm® for BCA and 8.6 pmol/mm® for

fluorescence).

f00122] EXAMPLE 3: HT-1080 cel! adhesion and proliferation assays

-39



WO 2009/099555PCTIUS2009/000597 (SEQ ID NO:7)
AcLysGlyGlyLys4G1uProArgGlyAspThrTyrArgAsp 13 -NH2, Lys4-Asp13 amide cycle "cyclic BSP 13-
me?' (FIG. 13) ,Gly -Asp Ar gr'- NT hr PrATyr \7 Arg GIUNNZ Lys-Asp Ac -Lys -Oly -G iyC 0 M-12
(SEQ ID NOABRAREITGlyCys4AsnGlyGluProArgGly AspThrTyrArg AIBTYCS28497¢MEF2, Cys4-Cys17
disulfide bonded cycle, "disulfide-BSP 17-mer" (FIG. 12) ,A3ly-Asp.,, ArgThr /1\FrTy

[60123] To evaluate ability of a polypeptide conjugated to embodiments of swellable
(meth)acrylate using these conjugation methods to enabie cell adhesion and
proliferation, peptides Ac-LysTyrGlyArgLysArgleuGinValGinleuSerlleArgThr-
NH, (SEQ ID NO:22) (AG-73, an adhesive peptide) and Ac-Ac-
GlyArgGlyGluSerProlleTyrLys-NH; (SEQ ID NO:30) (RGE, a negative control)
were conjugated to swellable (meth)acrylate (as described above) and adhesion of
HT-1080 human fibrosarcoma cells to the swellable (meth)acrylate was evaluated.
Briefly, Laminin (5 pg/mL, Sigma-Aldrich) control wells were coated for 1 hour at
room temperature. All wells were blocked with 1% bovine serum albumin (BSA) in
phosphate buffered saline (PBS) for 1 hour at 37°C. Wells were washed briefly with
PBS before incubation with 0.1% BSA in Iscove’s Modified Dulbecco’s Medium
(IMDM) prior to cell seeding. HT-1080 human fibrosarcoma cells (ATCC number:
CCL-121) were grown in IMDM (Lonza) with 10% FBS (Lonza) to 90% confluency
at standard cell culture conditions. Cells were trypsinized and allowed to recover in
IMDM with 10% FBS for 30 minutes at 37°C, 5% CO,. After recovery, cells were
washed and resuspended in 0.1% BSA in IMDM and seeded on peptide-conjugated
plates at a density of 30,000 cells/well. Cell adhesion was allowed to take place for 1
hour at standard cell culture conditions. The media was aspirated from the wells and
adherent cells were fixed and stained in 50 pL of 0.2% crystal violet in 20% methanol
for 8 minutes at room temperature, Cellular absorption of crystal violet was quantified
through addition of 1% SDS in H,O for 5 minutes prior to absorbance measurement at
570 nm. For this assay, after polypeptide conjugation the remaining NHS esters on
the swellable (meth)acrylate were reacted with ethanolamine or aminopropyl

morpholine to reduce uptake of crystal violet dye by the swellable (meth)acrylate.

[00124] FI¢. 5 shows the results from the HT-1080 adhesion assay, showing adhesion of HT-
1080 éeﬁs to embodiments of SAP surfaces of the present invention, as described in
EXAMPLE 3. The relative number of adherent cells on swellable(meth)acrylate-
peptide surfaces was nommalized to that of cells on Laminin (via 0OD570nm). The
peptides were tesied at 100pm AG-73 (SEQ ID NO:24), 10, 1 and 0 uM
concentrations. OD570nm measurements were taken, and the readings were
normalized to Laminin adherence. “AG-73" is SAP-AG-73 (SEQ ID NO:24). “bAG-

737 is SAP-AG-73 (SEQ ID NO:24) which was blocked with ethanolamine prior to
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\ GluArg \1 Gip\Ala V/ Aon ,,,.."..-Tyr 1.49 -l:ds Ac -Ly c, -Gly -GlyCO NH2 (SEQ ID NO:9)
Ac-LysGlyG1lyCys4G1luPro ArgGlyAsp ThrTyrArgCys17-NH2, Cys4-Cys13 disulfide bonded cycle,

"disulfide-BSP 13-me?' (FIG. 12) ,Gly -Asp Arg-et NT hr Tyr PrA\i
WO 2009/099555 PCT/US2009/000597

polypeptide conjugation. “RGE” is SAP-RGE (SEQ ID NO:30). RGE is a non-
adhesive peptide.

[06125] HT-1080 cells  adhered specifically to  adhesive  peptide  Ac-
LysTyrGlyArgLysArgLeuGInValGinLeuSerlleArgThr-NH, (SEQ 1D NO:22) (AG-
73) and did not adhere to surfaces (1) that were blocked with ethanolamine prior fo
peptide conjugation {shown as bAG-73, or blockedAG-73) or (2) where a non-
adhesive peptide Ac-GlyArgGlyGluSerProlleTyrLy-NH, (SEQ ID NO:30) (RGE)
was conjugated. 100 pM peptide solution and 10 uM AG-73 peptide solution resulted
in an adhesive surface, while 1 pM AG-73 peptide solution did not result in cell
adhesive surface. Very few cells adhered to SAP-bAG-73, indicating that AG-73

does not non-specifically adsorb to the synthetic polymeric surface.

[06126] EXAMPLE 4: Assays for culture of undifferentiated stem cells

[60127] Cell adhesive peptides were selected for use‘with hESCs as listed in Table 4. This
list of polypeptides contains peptides which have been shown to target the two
important cellular receptor classes of integrins and heparan sulfate proteoglycans
(HSPGs). These peptides alsc encompass sequences from the various domains and
chains of laminin. Also, cell adhesive peptides from other proteins have been

inciuded.

[00128] To screen the peptides shown in Table 4 for their ability to provide satisfactory cell
culture surfaces for adhesive properties toward undifferentiated hESCs, peptides were
conjugated to a swellable (meth)acrylate of formulation SA1A (sec Tables 1, 2 and 3)
using 1000 uM solutions. Peptides were purchased from GenScript Corporation. All
peptides were amidated at the C-terminus. To the N-terminus of selected peptides,
spacers of repeating units of polyethylene glycol (PEG) were added. For example,
PEQ, refers to four repeating units of ethylene glycol and PEO;; refers to 12 repeating
units of ethylene glycol. The spacers contained a terminal amine. The spacers were

added to the polypeptides by GenScript Corporation.

[60129] Ac-LysGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr-NH, (SEQ ID NO:4) (the

BSP sequence), was conjugated to the swellable (methjacrylate coating of
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-N., GILLKkg 7 .0 ye-C ys Ac -Lys -Gly -Gil,CONH2 [001501 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 sEEoHE*41&&Yy utilized a di-sulfide linkage created between tRETHEMWYIMGENY| side chains
on the two cysteine amino acids in the peptide sequence (see W01989005150). These cyclicizations
were performed by CEM Corporation in Matthews, N.C. [00151] The 13-mer and 17-mer amide linked
cyclic peptide reguigsatihcyalic BEDS thatyiere,d Qanabld aBIN0 ACds,esPasiaiSIMiarly, the
13-mer and 17-mer disulfide WO 2009/099555PCT/US2009/000597 linked cyclic peptide resulted in
cyclic RGDs tisPiis 61 P8hnda K08 iMe Wod; FosieniddlyiBo1521 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 N 83 périnyaGlysid A smcdwihillPralyrg Glyhsie EalTyseiigh e Typrdyg (GERQI2 NO :4)
(1000mivf), a %dhesiveapl%gtidgr(%%g%gl\gﬁngE IeD .NO:%Q)Lh( %gjofggm'\é) normalized to
extracellular matrix prort}éllnrgﬁﬂroneclﬁn , 5mg,‘fvm?_ -Hgoa"fe(‘il Qlrraces: Rff):83 and (SEQ ID
NO:9) cyclic BBPwibulfideffeptdeloon{ifasy fHeilmhctjlatcsusftaded supgoited-biiiug@80 adhesion
similar to AcLy, gore] rTyr ):4)7:.conjugated
(m eth)acryIate%%%%@%c%v%%%%%%ﬁgﬁg%% %n%‘g%%%%\g@ ig%%%)%r%g(g é](ig ID NO:7)
(amid cyclic BSRiaBmep aheifieheyuizBy BSpepeptienconjugdfed-orahiatAidd HBmrdpported
HT-1080 adheﬁlﬁﬂléﬁ@ﬂ?eﬁyv&ﬁﬂ'@@% 'B,&MS‘!B%@&M&@ Gi'?\? (SR&D systems
Ac-LysGlyGlyAsnGlyGluProArgGly AspTiu-TyrArgAlaTyr-NH2 (SEQ ID :4). [00153] Results of
AttoPhos stairfiég o2 himnaly ehitssbhie seémn velisionEDe gyauitufesdos® h GRaifHbIREéth)acrylate
layer with coniygated aimide hansied ayelzsH Dol RARIESS &1 6 SNOWB I EPasdbRilRflY, H7 hESC

were cultured on SA conjugated with linear or cyclic BSP peptide to form SAP-BSP or

SAP-BSP(cycheysntiseedhasm phendjidrrawtisthbfanimie borbfteraruttushierifitiiture on
SAP-BSP (SEfder M&:idadr8 Wénces@ad 2460 ESCINHIBIedd0) (28 QRN Giktamide cyclic BSP
“17mer) and (SEQ ID ’é%u?) @gj cyclic BSP 13mer), cells subjected to AttoPhas assay.
MATRIGEL TR S5AtEd ShBAA 8% ARean b Rt BB RiDa B RtATe AS TSR NTRIG 14, H7 cells
showed similakadihesienier dwtimteSpansateh iy el ddiieaB BER: watfhgatédsGAbsdirfaces. No
significant diff%r(;&r)]ce in cell response was observed between 13mer and 17mer versions of amide
bond-cyclized S I5v-'BSP(cycIic) surfaces. The results suggest that both amide bonded, cyclized and
liner BH sonjHgalRbEA 9ag§gpp(gg@ggggﬁign/growth of undifferentiated H7 hESC. 101541 FIG. 15

shows results of AttoPhos staining of human embryonic stem cells (hESCs) cultured on a swellable
(meth te layer with conjugated di-sulfide bonded, WQ 2009/099555PCT/US2009/000597
ez A e SIS TP IS QPSP et e 165 RSP (i cyciic
BSP 13mer) cotipared tnSA-BSR (SEQ! IEF ROBRA) amt AT RIGELT parBiiefiy]ddiydESE Were cultured
for 48hours on SA conjugated with lin clic BSP-pentides to form SAP-BSP or SAP-BSP(cyclic)
curaces. Ao I T e e s A Pen e R i i
15, H7 cells shjdthebﬁ@imllaf ARSI g rovetndrdep dAsaiorvaiie idand Me&ﬁ«%%oﬂnww SA
surfaces. No diffesencep &&L&Jﬁﬁé%@f&%ﬁh‘é@&oﬁﬁﬁféﬁ BiGed 13merrangs) TnGLMessipas of
SAP-BSP(cyclic) surfaces. Interestingly, disulfide bonded SAP-BSP surfaces demonstrated higher cell
AttoPhos resM&e cofPRRsaiBaREsIS B s &t AR f100muves ChiedisthatidRe d0Kipark AttoPhos

FT for 100 uMmpepiitiaconcrRat(eian:in Fiterl.oanbhls Bhdheresuissyogesttpatinaabodiments,
both disulfide bonded cyclic and liner BSP con#éjaated SA can support undifferentiated H7

adhesion/groWtR AR Th W HPEEB L AdinG High &r ot respoiEY: at lower peptide concentration.
100155] In embodiments the present invention provides a cell culture article, comprising: a substrate
havin{f &i3dHdes\dvBélabIB Gt Bdchiammiayer disposed on the surface of the substrate, wherein
the swellable (meth)acrylate layer is fowled from a composition comprising a carboxy!l

groupmBEiningKreeth)achilaie TaaemaihesshasstRTiINgNnetha s aie maTeIBe, sudiaghydrophilic
monomer cap@é% f B Ig/?erizilﬁg with t elcarbox | grou -contaiqfin%lggeth@?r@ate o%?mer and the
cross-linking gac?% ate moromEEn ggﬁe"ﬁt{ 188“?@6%@& S EarBox/ §rSup Tegulting from the
carboxy| groupfeontamingzrAcndiner fbidhecswvalabiei fmeld)agtytatss leyer waskadbediniéntg) the
swellable (m I a iltbrium water content in water of betwe bout 5% and
ot 50% or DL o T at A, B g
(meth)acrylate monomer is 2-carboxyethylacrylate. In embodiments, the cross-linking (meth)acrylate
monomer is tetra(ethylene glycol) dimethacrylate 6r4l7efra(ethylene glycol) diacrylate. In embodiments
the hydrophilic monomer is selected from the group consisting of hydroxyethyl methacrylate,
hydroxypropyl methacrylate, 2-hydroxyethyl acrylate, 1-vinyl-2-pyrrolidone, di(ethylene glycol) ethyl
ether methacrylate, acrylamide, ethylene glycol methyl ether methacrylate or 3-
sulfopropyldimethy1-3-methacrylamidopropyl-ammonium. In embodiments, the ratio, -51 -




WO 2009/099555PCT/US2009/000597 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 volume, of the cross-linking (meth)acrylate
monomer to ¥He288M68367 Yroup-containing meth(acrylate) monomer to thertiydregohdi@enemomer 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-ﬁr}ea ind monomer of the swellable (meth)acrylate layer comprises an amino acid
sequence of Yadxaan I@WA%V&QS%‘?%& CEOIH INSY PG N RS 20t BER of® RS ECHS is an
integer of 0 to 5,deisrfblr chlpachefanys dntlepe naemityramrywidt vergrdtiphimoetia aminad@eitthand Yaa is
independently any.native gr biomimetic amino acid Yith th visq that peptide ncludes at Jeast one
amino acid havi%‘fﬁ“ﬁ%’ti‘é‘ﬁgﬁit@eﬁ‘?a‘%’%sr%‘aeglé"écﬁu‘é’ié%ﬁﬁi@%?é%%naf‘c% 5‘?@5 %%Fﬁ’zﬁéy?‘g% the
swellable (meth)aidhy bt |ayerosehpyeib Thelffe ectarp oxyhgrolngy esults feomdial canfoosd was
group-containing:(l%]%_tg@&ml@tg mapomer, %gmolgi'[@? AR rises lysine. 1001571 In
additional embodiments, the peStidng con%géat d to acar oxﬁ%ro 5?&‘(1 t?%ﬁﬁ?ﬁm the carboxyl
group-containi ongmer of the swellable (meth)acrylate layer comprises an amino acid sequence of
YaaXaa@gg;‘gg;%E‘Yg yﬁ%BY%lat,h%a‘é?%n 92 (SEEQYTFRRYIE), Ao i8R §ERFD 8 4, m is an
integer of O to 5pidiferattihedcheXaceitindapangdentbtianysagtive ariTrinetieREENOYaCidy Zaa and
Baa are each ing]?%a %%g ‘native iomimetic.amino acig having.covalent bonds formed
between atoms 0 gglr s E%Se%%y\/e Sitglg' &gﬁgc{%e%lﬁnﬁi%%%ﬁaﬁ rﬁ&%ﬂiﬁ’éﬁpﬁg RPN Yaa is
independently awydHEtivetmtdsiohaimetidsaiFina HcidtuitiothByomesisacth attthei fyalf e pbidepineiudes at
least one native,gnpiomiaic-aming, 8eiddaing. e
' t

go‘gality that e@a?b!te leophili¢ addition to a
free carboxyl group of the swellable (meth)acryl ayer, Wﬁecr%%uﬁ?ee ree Car 5’%# %"Fgﬁf’pg Fesults from

the carboxyl grdi5Lontaing'(rsth)a@d/late "iERbMER In BRBSdiments fYliwsompisddsine. WO
2009/099555P Cil/d A 220940 0h ST 100 kaghimembodigients, fhe peptide conjlgatrgiopaearboxyl

group resulting from the carboxﬁgﬁu -containing monomer of the swellable (meth)acrylate layer
g

comprisesLysG ShTHSG g AR P ESED I Réhh) R ahGTit oArgGl
{ASDTh rTyrAr@)JAlﬁTd/bé%Qal Drdlﬁﬁd-:f). LysGiivswiyliysiasnt W@MMQQN@@EEQI@%@?&%TWASP"
SEQ ID NO:6), where Lys4 and Asp" t r mi n yclize a portign of the
polypeptide; Lyé&%&yﬁé@%ﬁ%ﬁ%%&%%%%ggé %bl\% erg'ﬁygg Bnd Aspl3
together folui arscammdecbodd do GRlizZeracpention ofithidzpalypeptiderphology 1o MATRIGEL™
LysGlyG1lyCys VG I TyrArgAlalyrCys" ( 0:8), where Cys4 and
Cys17 together o?%%%?s%ﬁ%é% E)%%ﬁs%ifc iz%%mp t?(?rg%’f (t%gsp%%f%éﬁ(%;m% CEBS was %0%
LysGlyGlyCys4ePpeired Arg Gy AsisiabinimeDysndais Eabspandionmmhiene Oysd andreydiBlogether
form a disulfde fond tergyaizeia poriofehie paMRRRlIdE: CHAIRRNASRS PGk (SEQID NO:
11); and LysGlyGl AIaVaITprGIyArgGIyAspSerProAIaSerSer (SEQ ID NO:12). [00159]In
embodiments, t fidtde (mBtHAE S e 1496r FdY a fRRMRIPHck eSS, MembaginrEdthe

swellable (methagidateditayer is s thamahoub 2ICeraeiers i tigkesanl0Rl0aLEXAMPLE 10:

Doubling time H7 huc[jn n embryonic stem cells, cultured as described in Example 4 above, were
passaged every 448 gaﬁ

ErLth e sty anerdaplistay brasmratcieuputaiianativbh prstestie
(collagenase I\ctigatmen i cFlOGNG Ry RGBTV AVINDE BSE G pigandd & sespengdingvachemically

defined culture medium. Cell colony morphology, cell number, viability and hESC-specific marker
AR e e

expression proiﬁeef)Pe ative 1o ceits culttif arallel d4feach
passage. The deUBINGERRGIDTY RA ¥adhi s(BRQdRadtin) was BSPessedntsingthezfedbwing formula

where DT=doubling fime.in hours; T= total time.in culture in hours; Da. = seeding.cel ity and D =
harvesting cell %%@195 t)%l ,%gfé]ﬁ}]‘%??&’ :%}gppfgg%#éeﬁgq Fcl)lgcp O%Bfgﬁ"éi ?rilglgﬁeéwgggg Its of
doubling time es@rimdstehionignaldifiérbntihtectiiihvESDSooultured under chemically-defined, animal
produce free medium conditions on a MATRIGELTm (MG) surface, SA1 with conjugated defined
RGD-cqruessing geptise {RSR) (GEQIDNGI4), ﬁn@}ﬁéﬁﬂ&%ﬂf&%@‘#ﬁ@gg @@@&Qgﬁgide with a
linker (BSP-PEO4%NH(£-P §14-AsnGIyGIuProArgGIyAspThrT rArgAlaTyr (SEQ ID NO:5) Briefly, H7
hESC were cullifeH GhBAP BEPBP I EE P s eEHR RS Slembin it Pt dbaoPiany ebdisscutive
passages in chEmESRIGDA Wed X VRI)0E MFSER TG Eiad)Crllapplitres @th
MATR1GELTm coated substrate surface we as positive,control. At each passage, cell
doubling time, gglfl\l}f}é ﬁ?f%é&%)?ﬁ?@%%ﬁ%f@ﬁ%%égc oS @5 {egﬁow&o%géeggggssed. 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 population of cells in culture may be or may become mixed cell types, a

sufficient percentage of cells in the cell culture must remain in the undifferentiated state for the
naccecane tn he concidarad ciricceacefiil 1In embhodimente nf the nrecent invventinn naccanac arp



WO 2009/099555PCT/US2009/000597 [00163] In additional embodiments include a method for
culturing an isolated population of cells, comprising: providing a cell culture article having a substrate,
a swellable (meth)acrylate layer disposed on the substrate, and a peptide conjugated to the swellable
(meth)acryl&siagenstdiérein swellable (meth)acrylate layer is formed froP@ B EHROSKON 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 taggeossatinkipadmetacyatemanpmersand Waereinshe.peptidesampises and
amino acid seqfuence of RQD; contacting the, cells with thec?ogge@de (%r]}g%ated to the swellable
(meth)acrylate TP 1R SR PEGRPE UicPU ERF L M S INS EBRGR & O GEAER cell culture
medium to maiNi#) thisscellsiifieultireFiGershodinents, thregelisvarewtifierqntiatostsiem cells,
human embry%ic S ggg)ﬁ:ellséhgr HI ognH7 ;Ee{%ljs. Inlembo iments, the m&tthod further comprises
passaging the cells five or more fime& on additional celf cultu?e arﬁ%ﬁ%% in cﬁgfr}ﬁ‘ilggfﬁ/ the’ défined cell
culture mediunkGfs(ERP RO I0Y RdoYe it HE el Ordidath inveh sndiffcrBidialct stanerdbllovsing each of
the five or morg,passageser 1 ol MAIRMesAls %EHbRQ{'%?Q&%déhE %Q%H%‘agaﬂ}’a{j%%gﬁ%d“we

medium comprises basic fibroblast growth factor and transférming growth factor-al may be

.about 80 ng/ninsaETbaietadigrowth fadtercam Hsonrosery/afl aramitehnidglipedvtmédiztor-al.
f00164] As showijarkifz.1d Gnil LlRR G d QuRlng dieran Wb@ﬁ@%ﬁ%%ﬁt&%? -BiEG, sHifaces was

more consistent compared to the doubling time of cells cultured on MATRIGELTm -coated surface,

which fluctuaté@dfahrahesats ¢ ShTpdBasds tb paadipatremea pelisthelimm Hawhe 48%ot-to-lot
and prep-to-prefxiivaorsibianeho! MATRIGEpIIMrsoedistfaaris AVeIaer Gell-gauhlingdime on
SAP-BSP and gAP-B P-$EO‘§%Nas 41 +/-6‘3H10urs, w iI%on MATRIGEELITT" 'av,er%i% cell doubling time
was 50(-1-/-121 s Pettscling Witiiter VRIS IHcBAYSE X PR RIAT RIS B Mufthe PdbT65)
Average cell viability @REROUA- gBAKNERI | fE&chi A wWes e ntieaBe® SARASP antgulyelRIGELTmM
surfaces: 86(+£2) 9 iakili 1-:4) % for Octd-positive-cell fraction. Th st that, in
ambodments. GRS Gt ! e b RO R SR e
undifferentiateePPiohE SBisirielirlingniss toNROrROdsi00 b5 bRCTHUSB 2009008597 Hlfitiphe
passaging, withoutritesiing selbMaRiky.anHadifierenliales slalue i oNing sensisigpey of cell
doubling time.d&%)0166 EXAMPLE 11: Testing ot additional cell types [00167] Human embryonic stem
cells are difficdl? & Ciflturbe P& argrerisdparboagdpdifoderts HLe © sHbWIiRRSsE IRty of
en|1|bodiments efeeeihqwﬁﬁfﬁs&;ﬂtaﬁﬁﬁa@t@hm\mg f?i@&&g}&&ﬂ&éﬂ&%@;ﬁ@ﬂ?"i&ﬁ%é@m @iﬁ@umw-cultltfr?
cells. However, many cell types are "anchorage dependent.” That is, many_cells require extra cellular
matrix or seru%ﬁo%agﬁ%ﬁ%ggk?@%elgﬂg% eli gfﬁ‘iﬂm%r.veﬁﬁjoé f)eéiﬁ% ilme%‘ by-thadhy?it may be
that for adherenicoglieredidringEivincontdintigemedia, The secimeproYides @ataietof adhesion
proteins in addjti itogenic factors (such as varioys growth. factors), needed for cell cylture.
Adhesion prot%ll}lrﬁs w ?gr?r%a%ﬁgéedelﬁb%ﬁgf?ﬁ? a}asmlllgnlnr% (\)(t\f/%énelﬁoe o) E?ergglﬁ]t&ﬁlwntﬁ%s%%‘um may
become absortsatingn igkticse dicbultubed waretcctodingjtadwnmatiserfaceshion abiheresiidsls. This
EXAMPLE sh licat or embodiments of Reptide conjugated (meth)acrylate coatings of
the present in\%ﬁ%%?g %oﬁﬁrggi{'%gt téi g%%%rgﬁé. The éf;gsre%lgrtgﬁdﬁ %l%ﬁg %%Réfﬁﬁ_oé d%nréonstrate '
that embodiménelgisy frassiiepelakisieariugaten affech)derybilitcoftingesptithe praseatédvention are
capable of repaging fhemnesfldiserymeaniainis Media g & hipleaical Coating 109168 In the
following EXAMPLES, human adult mesenchyrnal stem cells (h.MSC), cardiomyocytes (differentiated
from H7_huméi??§?ﬁfﬁ92§ﬁﬁ§"§fé‘rﬁ’€@1}§}}'human fiborosarcoma (HT1080) cells and HepG2/C3A cells are
tested against embodiments of the peptide-conjugated swellable (meth)acrylate cell culture substrates
of the [BfESEht ERAMERIM [00163cBindheaesalidiprestnt8d in EAMP| EGnhRatdd, cells were cultured
on a surface frmedepp FerpHl . CE 2 conjugated with
Ac-LysGlyGlyAsiAGIlyGIuP AFTYTATD Y % Q@ TDNO:4) (BSP) according to
EXAV&%.@,{% Tg% cell culture surfaces were prepared as described in EXAMPLE 1, unless indicated
otherMiSe? (D070 E3eh RISt Pl UpRtheshdrteWraame 4 AVFSotengingg)sonjugated to Ac-

2009/099555 RGNS EORIOAOBRA Y-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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[00171] Bone marrow derived hMSC (Lonza, cat if PT-2501) were expanded in 10%FBS containing
standard culture medium (MSCGM from Lonza, cat if 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 harvestéd #P280186% continency with trypsin, washed twice with DPE8BUsaAI%e&ded at the
density of 7,000 cells/cm2 on either TCT - PS 6 well-plates form Coming or 6 well plates coated with
Ac-LysGlyGlyAsnGlyGluProArgGlyAspThrTyrArgAlaTyr-NH2 (SEQ ID NO:4)- conjugated swellable
(meth)acrylate gfierenuiaiian, ShiaRahastemsonaimatiodietiifins difisbn hedigcoyiditions

described below. 1) MSCGM, standard cultu e ed um f th 10% fetal
bovine serum ?ﬁrﬁg’aﬂoﬁe n?ﬁaﬂ*ldl%aoﬁg SRTRHEHGHS |%\§'t¥d§ Er%ﬂe of h%@ éﬁ%zggﬁ

conjunction with dé&lk: apltwﬁdbeametﬁmﬁuneemre nﬁ)::ﬁternipfbfb)@@lsgm(l eigorpdrsuciics#sA10332-01),
serum-free medium design 0 C e&t@ﬂg define d e use with
CellStart humanized Sd[ ﬁéfln{/ﬁ(yﬁ;en%uggﬁ\%%%a ) Xvwb?o (égnggm?atﬁggg%%@ + OF
(OF, growth fd@ﬁ@t&)a@ﬂﬂgmGﬁﬁ@@pmw@ﬁb@%@fo el dempnsaasdifireditesponding
medium every 2-3,days. Gell.aihesian/ spraading «narpheieay:ant grawiiawaadnenigredigvery day.

On day 7 cells were harvested with trypsin and cell count was performed using TB and
hemacytometeA M BEGH ¥y splenieME@RMIREL G5 £1855%4 the %Wd%?éﬁﬁ%dt{é%?ﬁ #ibitdRRulture of
hMSC on plastig: GHBwks. 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, serum free

medlagﬁfz%jc I;hetgglgwém%l lsﬁa Omu {3%&1 §§‘§C&ﬂ aﬁqﬁ*eﬂf)’tﬁgﬁ@{v&@&%@”e of

hMSC ontains proprle y gr ctors etc su aces were compared with these
standards usimgivottrigedufrvoorithiimiehhdhotsepnivbity et redi2s[e0 Y BIRIRIIPAE are
photomicrogr i resept igpdg;&m red to TCT,
in three dlﬁermﬁ?g c%%gﬁﬁ)%g%n@;%%%% gégl\i/le-rkﬂl%g/%g B%S@mf(ﬁg ];%\geﬁitsed to Clﬁt%re hMSCs
on SAP-BSP SUPRRSES [apet FsgeR FaRtrCTacnis Fhabey Ma e <005y Ras AR 88@ts the
standard - 57-,\W32 Q04SSR G D) 22 009(00089 famedia &@@dﬁﬂ&@eﬁf@h@mmwal culture of
hMSC for clinical applications. In the m d le images, FI 17B, M%%{O%Eg IS Ste specialized
media marketd®By Ilvitrod@n GOrB: fo C%ﬁtﬂfﬁ%? at @Bhtai tanPS8e t?all of growth
factors. In FIGKGOBGMGD CRwaS-Nsed (THEG rﬂédta(c@mbmat@h meotpmdte&wﬁmmmasal media,
supplemented with F.and TGFEb des XAMPLE 4. F A shows
that in 10% Pﬁgpgu%p en%lel?llid MSC medlglgggdsé arl)%pe%r simi ar (&J ?séﬁ%&:@s and on
embodiments MARRKARBSR @mrﬁatceﬁydﬁftﬁeqdresemhiﬁvemﬁﬂﬂt@ 178 and C show that in the
absence of PBS, SAP-BSP embodiments of the synthetic swellable (meth)acrylate surfaces of the

preseng#rsontionvevigegbettergrlb grosthiiban Jbicydasreateo 4B and C show the morphology
and cell number on all culture conditions on day 7. The ceII number on BSP-acrylate surface is

signifi h ar ttﬁefg%% r both SefYs 119{}% A II v F condition
exceeiﬁ‘r?f ZII AUMber in Ef%%é O(‘:]ca)n ition. In{\l%g:E ition, initial ¢ Illil{aftl?ac %Ge%?aﬁc?? rggtgil;ng (2-20
hrs) was moreﬂﬁ‘ﬂqremcim mﬁmmmweﬂmeﬂa@aﬁmm@@ﬁ&%ﬁe ?é?%étﬁ%urfaces At
later time poinfgg3a4 da&tﬁlaﬁ%éuE\SM&i{MJ'fwﬁéfp%&%@é’aa%ylates\%ﬁm@ l{ﬂdﬁtg&.e@qmefree

conditions was higher than on TCT. Embodiments of esent invention can enable the culture of

hMSCs in seri®lymes kdia JoRTSPEIEPRERTY By lph SHBRiHg N Qothpardsi dremec cell

number on TCL3abRRR (Rethiaordatesalieefidaysdn Bifferent delnad mssta conditienseas defined

above. While both surfac erform compar in the presence of P the SAP- P peptide

acrylate) surfac8 P80 e% @ﬁ%ﬁ&yﬂ?ﬁﬂaﬁggéﬁ‘é%%%ﬂtb eiiiitdce 8‘%%’3?98% aﬁCBTQ‘?rj?the

absence of PBSq80ty Gldy X&MPhELE3ah7 8 Gicellscl0017 PEfoEXAMBbES abovd, tipe.use of

embodiments gf swellable (meth)acrylate su faces ed tope |d or 4R-VifI( sion of
R 1 AT, e T e o

hESCs was déschibé flona emo atest e use odiments of
SAP surfaces fkanlmmtterﬁq(}ﬁ) mu@émrm@nﬁiﬁhﬁ‘s@ﬂmm%\/ﬁmlém@a i shBwdtreigq7aRESCs, H1
NESC cell Ineg,1aus: 2150 hen XBRRded ORISR SHTaces WWHAINIBENY Bnited by theory,

2009/099555PCT/13SZO 9/00059
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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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 EXAMPLE 4 is presented in FIG. 19.
The data indicates that the synthetic SAP surface is comparable or better in cell culture performance
to Matrigel TM@aeirig?3ssaddition, cells cultured on BSP conjugated acrylketa sseimgeshowed similar to
MATRIGELT14 expression of hESC-specific markers as determined by flow cytometery analyses
(FIG. 20). [00178] EXAMPLE 14: Flo C to e 100179] At the end of each passage, H7 hES cells
cultured on synthetic surf or MATRIGELT", were analyzed for EE C marker expression using flow
cytometry. Thea%?fsﬁgns?tai?]{lgﬁg‘ BPéce%ﬂl%e \‘N“é‘éegég or%ﬁeéjay e Toni: ¢ ?Iy, Sr %ea?(t:ﬁ{%af’r%ﬂlleg%% 05 cells
(fixed and perrtisitiizetifoe @efhllive belsiortiaw- 60t medi8tdantl BEEAY svarkers) thisre
re-suspended ig 50 'crqﬂgerg}] gmck&@g g,?ql ' ﬂrf 0% eqlqa&@@wnyn tQﬁ%g) r%q.&gutggted for 15
min, followed by adgil;%bn of 5 l%icroliter 0 ﬁ}a%eréspeﬁéllc primary antél)Boly .5g |érogram/sample)

or correspondifitjedigisate ehtis Fs:paicre gramaimiedle$ nebiferatigdstiffdiofsmgoha rmspemes washing
with 2 nil Stainjizg.RuiferdBidiowmBDBirseiepeealirels Werk oubaiedWitheorrespensing

secondary antibady (0.25 microgram/sample) in SB for 30 min protected from light. After washing with
SB, cells were SUFREGWER B STRTL GG r AR IAPXISFIER PIntRIGPuuEIE) Aedaedmantian 000 gated
events (gating swasnsetatempbisnagative viable cell population) were acquired for each sample using the
FACS Calibur (BD Biosciences). All analyses were done using CellQuest Pro software (BD). Results

are sh in R esult owed that expression of hESC-specific markers were very similar on
ppetl S e e A e e T AT S S e e
hESCs to Cardibfiffeeyets 200 18D iretttive REDhdiifererwataaeEsdyodenmbelilssentscof BSP
conjugated swellabiemetacdaierwps disdossdoEEAMPLE 1 3 Jndhis EXAMBLEo the use of the

same surface for the differentiation of these cells to cardiomyocytes is disclosed. Stem cell derived
cardiomyocyteSiFigaed s tared Ny ahy R tnetha diBeR TORests SRssySKIR eI Eakdgnize that
this class of peptige Sanjsaatestiipetmnases D9 shWier 2009/08RMRPG T ki 0R/GN0A897 can also
be used enable the digereé%ti%é' n of hESC cells into othe(r Ilirn@(jﬁe such as pancreatic slet cells,
neural cells, oStEENC e 6’.1130% SRS UER(S IO OEY St SR Fiuman
embryonic stefhtelssHilpraaungyaidactds e rhandeofunatiog atdl fraéidduatsihatiureétBiobgchnology,
25:1015-10 07) describ ethod for, differentiating, hESCs in.culture. Briefly, undifferentiated
human embry%o%m ielr%né%e)ﬁzﬁesﬁ%ﬁ% ?ﬁogeepﬁgﬁsvea{f f%%%ﬁ%f%?n%?&ﬂ%&%a%e%{r% ry%%?c‘% stem cell
line, may be seeddtiomMPTRIGEL Trnedostd dgladivsivn propsiticof Bivouf Moooboemalsiem?2 and
re-fed daily with HES.celkarewshmerisan(SQ-RNEM20%SHER raRlagament & MM dsgltamine,
1% NEAA, 0.1 mM 2- ME plus hbFGF at 80 ng/ml and TGEbI| at 0.5 ng/ml ). To induce differentiation,
KO-SR may b&FépiacbPskhtrpimus Jn addifion bamaohslfr & FrAtRSgBR ) Supplemiéritedwith about
100 ng/ml hunrq raeombisart@otiviphdtavailaiedromRED Systems) fonalhpy 2h=hgsis.followed by
10 ng/ml human, recqmbig nt BIV{P4 (available from R&D Sg/st ms? for 72 hours Of course, any other

suitable methdd FRERY B Bl 5yed. oA Aresdoncs @Rl FEBFRESESbN synthetic SAP-BSP

surfaces in chemically defined medium, cells still retain ability to differentiate into cell types of
therap8tfié2htdresddiipsetisenieréheutiiffertms SIMPIB SPcatisfacesther ddpaetagesnand teeh were

differentiated iptg£RrUAMYIRKIGR (G YN ERE SAMERARBSReHIAcs Rlsdhdiffergaistion

protocol of LaFlarrune (Supra.) was used. Briefly, H7 cells were first preconditioned for 10-14 days in
"knock-out seHCRSpREERFIHE iR gt SRPK S vrd PP O BeaU8R9Mma); 20% KO-SR
(Lnvitrogen #10828-028); 1% Non-essential Amino Acids (Invitrogen # 11140-050); 1 mM
L-Glutéring} OolthMEBetadNiercaptoetinn D Ay/MOhHEGEBNA(REBENEMNOEGR -8l (R&D Systems;
#234-FSE/CF g} N Iﬂpﬁfg{ io -conflugnt monalayers, CM.differentiation was
induced by se?&%ﬁéﬁ%ﬁiﬁlon 0 ngﬁr%kfﬁﬁﬁéﬁ%%%&ﬁ % g%‘ﬁ%ﬁﬁﬁf@%g Fﬁedium
(Invitrogen #118%)@&?3‘1’51@%&%‘[@@@@ B2m (frvivralghen//S1758s OastyibrsmanthAdiRitMPLES ng/m1
(R&D Systems 33820k {Rldrd Nis oliomedy UmanBbAR4 BeRRMEPhoRgRNGRIQten
4)-10ng/m1 (R&D Systems # 314-BP-CF) for 72 hrs. The cells were then WO

2009/099555PE 1982007860397 &ilStvdd 6 FebdvEry B WHEdKePhesEalBERITFESRPMI

1640-B27 medidiin Megtisinsyasaxchanees Qiyed dasaUniihealing,iM wereohsaeved in
cultures. 1001841 EXAMPLE 16: Cardiomyocytes (differentiated from H7 human embryanic stem

cells) [00185[EAIEESAHRIRREAG AR BRI AN BisblSHER Te s TRAESERHTERPRRLIGN into
physiologically relevant (functional) cardiomyocytes require substrates that are coated with MatrigelTm
or other ECM proteins. The data reported in the prefent EXAMPLE demonstrate that embodiments of
the SAP surfaces of the present invention, including SAP-BSP synthetic ROD-containing polypeptide
conjugated swellable (meth)acrylate surfaces are capable of replacing the need for 2D/3D scaffolds
coated with biological coatings. 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

analvveie Thece raciilte chow that aftar lona-term ciilfrire (104 Nnacecanec) nf 1indifferantiated H7 hE<C



[00187] EXAMPLE 17: HT1080 cells 100188] 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 huiaibPeEafcoma (HT 1080) cells were chosen to demonstraterthiezensiversality 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 BT PR I6615608S5RE0 DS GBS e SIS PR GIRFHARG S
facilitate the atachmengahéseseatalis. to the plastic surface. [00190] For this EXAMPLE, HT-1080
(ATCC # CCL-121) cells were grown to 70% confluency in Iscove's Modified Dulbecco's Medium
(IMDMghpnganl2sfgeQ)icopiaining 100 (§iak boving. s hfe. koA, iL4caiehafl & in
tissue-cultured treated T150 flask (TCT, Corning, 430825). Cell media was replenished at 70%
confluency witAeEitHBEBEs Uin- o thingn & PROIS IR 0B SY: o SRrumbfrals (IMDRBIMEHEERSE one day

prior to cell hapgsh-Liells vuare basyestad atl0A% contireneynsitia QiOR%d¥NSHER T the
(Gibco/Invitrogen, 25300) and washed twice with Dulbecco's Phosphate-buffered saline (DPBS,

Gibco/Invitrog&RTAREFSR) SEBIF e LeBW¥AE: HHaTIRMNSIRTEP 52610 MANSRSfit2Gh SithdPZorum
containing or sefkXdiger MR sHenyml (RECOMONGNY MitaKeSmdasie {RE&DySysiedas
234-FSE/CF) and +.0.5ng/mL Recombinant H#mﬁaég T%%Bl I%%[%Sa/ste%s, 240-35-0 2)) onto the
following 96 Wgﬁcﬁfgt%%: C%%?%tﬁ@ﬁg (1“8 -BY; doing.3 T) Swelldbie” meﬁ%)acrylgte (SAL)
coated Xenor, fanctiS#PB SPac eatdicX enoic@ailiwerdite:ié dawithe coorgls jomahnigrmediurhevery 2-3
days. Cell adhgsign/s ng I h . itor. liferation
assay (CellTiter %é) %%%%%‘ug@%g g%#%%%ﬁ%%%ﬁ%%ﬁﬁ%%%%%é% ?%Fﬁ%efn%gg%iy&%%%%%rvis used to
assess relativé@éipiismber on each surface at cell confluency - day 2 (serum containing) and day 5
(serum-free), according to the manufacturer's protocol. FIG. 22 is a bar graph comparing cell titer data
of HT-i38a5¢eHx aniPCE SSALTnetb)ecailatr-eaalgsdiand-SAR-BSP e gnug atedcogitidesin the
presence of serum (5, black bar) and in the absence (SF, white bars) of serum FIG. 23 shows

photomjasagyanfaomasis e marehalogy Al TG Ll ST TRE andimaiyagyiateaoating and

BSP conjugated coatings in the presence and absence of serum. The data fzrpm e CeIIT_itér assay is
shown in FIG. B9 fFa retifarivan ckedn niorsHerogy sishswalinupfdioegntptef. mE-plaBma treated

TCT surface. Savkigihe-eahdarmuationdtam dable ks SARERSR g thaBSPrpeptideepmugated (SEQ
ID NO: 4) SA1 formulation. The first three images are serum-free conditions (SF, Day5) and the last
panel is in the rESeFREIEF R ICRIayEy 2 Meew deinen Bl & yelemii! R bk i #esb
polypeptide comdufiatesepridiiable(soeth)aciylate MRiZOQIIRDARRCH/ WHR0ROKedHEs0atings for

cell culture of HT-1080 cells. HT-1080 cells provide a representative of engineered cell lines that
Couire the usd sl TP A AR BB TOH T & O RdBLE AEVARR IS P PopC2ICaA
cells to SAP |awetsiadth Conjigate thkapriaid pbbipaptiddike[@OAERT4BEmGR/CBA wals (A RCO #
CRL-10741) werg, éaISQg%tr?a%QQ IS%T!Il PSLYENINL00 plimedian t&P%ﬂ% LeARpufages, BD
BioCoatT" Col‘@geﬁ lan CormngBCe éinsgr(zr‘) %eate TopasTm In 396 well I’%?mat and cultured at in

Eagle's MinimUsHE ssenthp peitide{ AT 02008yTs s sleteraate diw s 1580 AN ssitbptomycin
(Lnvitrogen # 15140-1h5). The S WikiRiMadiummwas ool urBlrmead il fetalhovine serum (as

recommended by the cell line supplier) nor was the SAP surface exposed to fetal bovine serum. The

cultur ere, incubated at 37 C, in 5%.C d,95% relative humidity for 24 hours. The cell
cultu rgdg{gﬁi ﬁ‘a\?%‘l‘é? fe: <y r?a@’é%n\?ve%lstf’egg}r‘:@ alé Srsc?lcbné’égfﬁeé;g Lﬁ%eﬁ%eﬁtialées were
conjugated accwiplipaidd EXAMPLE2HT e [Solypepidss Yatjogateditp thei8A lay&reary.lidted in Table
5. Polypeptide ipIfi lts. better than 75%. attachir o Callagen. | FIG. 24)
are marked wit %ér{& gsgtgfgixgﬁr%%é%%% l%l%%a\ﬁ%%r? %&}Iég%ﬁ] Fé%?gﬁsgié&%ée%ﬁmanﬁeoéf% E%ils on
Collagen 1. T@bkeetimolpopRtds andigp arey isosnthe et Sedinench: Séditeen 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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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 2370-23BI0-DIBPES20 KGGTSIICIRGTYSER (SEQ ID NO:17) mLMyes@5@/265CLS 01025
KYGTDIRVTLNRLNTF

[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) I
Ac-LysGlyGlyLys*AsnGlyGluProArgGly AspThr e oy
TyrArgAlaTyrAsp'’-NH,, Lys*-Asp!” “cyclic BSP / L
17-mer” amide cycle, (FIG. 13) " /A' :

Giyéﬁ 1{{#\!3
\t-ys—:“;s{ ’
Ac-lys—Gly-Gly  CONH,
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mLMyl res 245-257 CLS 01030 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

WO 2009/099555 PCT/US2009/000597
(SEQ ID NO:7) /Giy A5
Ac- Arg hr
LysGlyGlyLys“GluProArgGlyAspThrTyrAngsp 13 Py 0/ | Ty
NH,, Lys‘-Asp" amide cycle “cyclic BSP 13- y

A
mer” (FIG. 13) el -

(SEQ ID NO:8&} N //Gw-—ﬁsn\m
g T
Ac-LysGlyGlyCys*AsnGlyGluProArgGly . yd .
1 ¥
AspThrlyrarg AlaTyrCys' -NH,, Cys*-Cys"’ _ \
disulfide bonded cycle, “disuifide-BSP 17-mer” G'“\ };"’ g
{FI1G. 12) Gy, /A!a
Aon T ;'r
g
e Lys—Gly ~Gly CONH,
(SEQ ID NO:9) /e:y_m
Ac-LysGlyGlyCys*GluProArgGlyAsp Arg hr
ThrTyrArgCys''-NH,, Cys'-Cys'? brd T};,r
disulfide bonded cycle, “disulfide-BSP 13-mer”
(FIG. 12) Glu A

Ac-Lys—Gly “Gl&rc ys—C y(S:ONHz

[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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KYGAASIKVAVSADR (SEQ ID NO:20) mLI'Act 1 res2122-2132 CLS 01040
Ac-CGGNGEPRGDTYRAY (SEQ ID NO:4) BSP 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
KGGRNIAEWRBMEBEEFID NO:23) Lmpi CLS 01060 Ac-KGGPQVTRGDACTRHIFRZNME(SEQ ID NO:39)
VN

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 lamide 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,
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CLS 01075 GRGDSPK (SEQ ID NO:11) Short FN CLS 01065 Ac-KGGAVTGRGDSP AS S-NH2 (SEQ
ID NO:12) Long FN CLS 01070 [00193i The attachment of the HepG2/C3A cells was determined
using a Cytotoxicity Assay (Promega CytoTox 96(r) Non-Radioactive Cytotoxicity Assay #01780)
which estim#te3MWREPITber of living cells attached to the culture surfaceBCAREE®AMOHE 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 1 hour to release lactate dehydrogenase (LDH) enzyme from the
viable cells thatseliaih pitgaphaitite SEQUINICIYfadesulTite biplhgiBaFatlivity)odtthd IERASRd lactate

dehydrogenas mea orbance at 490n eafer V r 3 from
PerkinElmer). Wg% @75@5&%@3 /gé%gg%’éog@r?&adﬁ tﬁl%e corr?S & ?)Ié ﬁg eé%Er%ated
number of viabRLé&R (Elistbdhoelyf HDHEL vty onl BuEsioC 4fhoen Pfaﬁdx@@lﬂﬂgﬂﬂ%ﬁ) ¥ihted Topas

5 shown In - ok CATPAIORALIE cel Wi suees demansiind liakeamiag pAps wit
laminin peptide sequences KG KCIVQ I I SWSQCSKS (SEQ ID NO:13), KGGTWYKIAFQRNRK

(SEQ ID NO: 1@sm@mwkwﬁpe<(smmN@difg)A&ﬁHh@Y@P@AmWWB@MS@Q ID

NO:22) supportgerinsireg.aitachmank ohligpGrirdfcelispod@onl crltagend amskgrepiy than
CellBind(r) treated TopasTm. In addition, the HepG2/C3A cells cultured on the Cornln%SAPS

exhibited similaf BRI pHO IBTASEStRC HETemta B ol EHIRE TR 5 taist B8Gfments of
SYNTHETIC SWiRFAGES Féﬂa%ﬁ?suéﬂ— QM@E}&&S}IMMI&ML&%@EFINE@EMEMMaﬁe

disclosed, One %&I%d%g] the.art W rec%{e}%gt the $r20m SO%I'[IOI’]S kits anq nlethod
described here ﬁ‘}g@f ?:fé %tﬁ% Ats” o fho BOG: scfose%a ef% °distiosed
embodiments asamSEniem:w mwp@mmnwsimﬂmr(mmbam KrntBltion: T Whabisudvamaeldis: 1. A cell
culture article, R ”SI ey &t r?gean%\%qg; aiﬁuq'ﬁe résults 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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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 hydrophilig¥fépierisEapable of polymerizing with the carboxyl group-cestitdifnge @west)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. 2. The cell culture

article of claim 1, wherein the swellable (meth)acrylate layer has an equilibrium water content in water
of between ab8¥it KA Rfid Todb 56955 30HR8 @F@ﬁ%ﬁ%ﬁi&?&‘bﬂlﬁféiﬁ? ik hcgfgﬁﬂ{hgrg}lé}és-linking
(meth)acrylatecnangingrisietiatetitylenegiyeal tdithethadrytait onrtetratethyieseglytdl) diacrylate. 4.
The cell culture,artic claim 1 erein the hydrophilic monomer is selected fr %hg oup
consisting of h@%‘?‘é&éﬁé}%@ﬁ‘ﬁnﬁﬁgfyfgﬁgg; h%g/{ir%}x%/%lr%%%f’%ne?hg%:erg@gbéf-ﬁ?%ﬁ&/@% agﬁ%rlate,
1-viny1-2-pyrréitidone  (ditgibaderiety lyootpeittyltettes rrstiecryintepasyiamide reabyraneaid)col methyl

ether methacrylate of. 3:3ulfonropyvidimetiy - 2-metbacrylamigopropyk@ MmQRiEY: m 0826
SPO8-18SEOLIST _ST25 SEQUE E LISTING <110> Corning, Inc. <120> SYNTHETIC SURFACES

FOR CULTURSNGlthi rtiNachi feysr ksyioEH] REpWmEds| A ess Boks§p08-18 <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
[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 z free carboxyl group of the
swellable (meth)acrsrlate 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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<160> 31 <170> PatentIn version 3.5 <210> 1 <211> 5 <212> PRT <213> Atrtificial Sequence <220>
<223> RGD-containing polypeptide <220> <221> MISC_FEATURE <222> (1)..(1) <223> xaa is
Yaa(1l) Xaa(n), where nis0to 4, 1is 0 or 1, each Xaa is independently any amino acid, Yaa is any
amino acid ¥928¥LYPIS mISC_FEATURE <222> (5)..(5) <223> Xaa is Yead(Hppfes{adsovhere mis 0
to 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

[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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<210> 2 <211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> cyclic RGD-containing
polypeptide <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa is ZaaXaa(n), where nis 0 to 4,
each Xaa is independently any amino acid, and Zaa together with Baa form a covalent bond to cyclize
the polypeptitfé 29208958521 > MISC_FEATURE <222> (5)..(5) 2010-08-26 BP&RIPAFBLILIST ST25
<223> Xaa is Xaa(m)Baa, where m is 0 to 5, each xaa is independently any amino acid, and Baa

together wiggefad fei@. 3 §UBIRTDARIOEYElIZE the RAMPERIASS AN SRAG HP 0P Xaa 15
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.
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<210> 3 <211> 5 <212> PRT <213> Atrtificial Sequence <220> <223> cyclic RGD-containing peptide
with conjugation site <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa is

Yaa(l)Xaa( m)ZaaXaa Where lisOorl, misOto5, nis0to4, each Xaa is independently any
amino acid, 8&1"‘?& A a?nlno acid, and Zaa togehter with Baa form a coV&AIEAtBYIE ¢ clize the
polypeptide <220> <221>miSC_FEATURE <222> (5)..(5) <223> Xaa is xaa(m)BaaXaa(m)Yaa(1),
where 1is0or 1, mis 0 to 5, each Xaa is independently any amino acid, Yaa is any amino acid, and
Baa tog@htesivith Zddiiforah entmdieaitband tdecy clizendb efg@otypepiideas 40021 Yaaudafob lyfAsp Xaa

N <211?ls 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 H1 or H7 celis. In embodiments, the method further comprises passaging the cells
five or more times on additional cell culture articles in chemically the defined 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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<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> Artificial Sequence <220> <223> Synthetic polypeptide
including se#feH¥&/#F%%ed from mouse bonesialo protein <400> 5 Asn GigTBIazRIBME Gly Asp Thr
Tyr Arg Ala Tyr Page 2

multiple passaging, without affecting cell viability or undifferentiated 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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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 cyclizeXRe8iftféptide <220> <221> MISC_FEATURE <222> (17).RAVU&223808580 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

{00171] Bone marrow derived hMSC (Lonza, cat # 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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151015 Asp <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 WAL EIPES MISC_FEATURE <222> (13)-(13) <223> Asp ECHERMA®TIBFMs amide
bond with Lys at residue 4 to cyclize the polypeptide <400> 7 ‘

media condition used for commercial culture of hMSC for clinical applications. In
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

-58 -



Lys Gly Gly Lys Glu Pro Arg Gly Asp Thr Tyr Arg Asp 1510 <210> 8 <211> 17 <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 residlf€ 2%8A& disulfide bond with Cys at residue 17 to cyclize B’ HoRIPEMIGY <220> <221>
MISC_FEATURE <222> (17)..(17)

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
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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<223> cys at residue 17 forms a disulfide borid 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 <211> 13
<212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including sequence derived
from mouse¥BREEARIBfotein <220> <221> MISC_FEATURE <222> (4)E{AYE2084®§% at residue 4
forms disulfide bond with Cys at residue 13 to cyclize polypeptide <220> <221> MISC_FEATURE

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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<222> (13)..(13) <223> Cys at residue 13 forms disulfide bond with Cys 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
<212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including sequence derived
from mouseWBFEIERY Pfotein <220> <221> MISC_FEATURE <222> (1) PA}/US2009/068597
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

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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<211> 7 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including
sequence derived from human fibronectin <400> 11 Gly Arg Gly Asp Ser Pro Lys 15 <210> 12 <211>
15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including sequence
derived fronP#AEP I Snectin <400> 12 Lys Gly Gly Ala Val Thr Gly ArgGi{UAx89%e¢5Pro Ala Ser Ser
151015 <210> 13 <211> 20 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse laminin (CYR61)

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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<400> 13 Lys Gly Gly Gly GIn Lys Cys lle Val GIn Thr Thr Ser Trp Ser Gin 151015 Cys Ser Lys Ser 20
<210> 14 <211> 13 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from human thrombospondin 1 <400> 14 2010-08-26
5P08-18SEMYSHEII5ys Tyr Gly Leu Ala Leu Glu Arg Lys Asp His SSCGRSEEPH@e390> 15 <211>
23 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide including sequence
derived from mouse laminin (sN) <400> 15

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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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> Artificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse laminin (AG32) <400> 16 Lys Gly Gly Thr Trp Tyr Lys lle Ala
Phe GIn ArgSHRYEPP$ 151015 <210> 17 <211> 15 <212> PRT <213>PARITisraIBHeEEnce <220>
<223> Synthetic polypeptide including sequence derived from mouse laminin (C68) <400> 17 Lys Gly

Gly Thr Ser lle Lys lle Arg Gly Thr Tyr ser Glu Arg 151015 <210> 18 <211> 16 <212> PRT <213>

Artificial SequefigBQ ID NO:18)
- KYGSETTVKYIFRLHE
*CLS 01035
{(SEQ I NO:19) mLMyl res 615-627
KYG Di
KAFDITYVRLKE *CLS 01050
(SEQ ID NO:21) mLMy! res 139-150
KYGAASIKVAVSADR
CLS 01040
(SEQ ID NO:20) mLMul res2122-2132
A c-CGGNGEPRGDTYRAY
CLS (01045
(SEQ ID NO:4) _ BSP
Ac-CGGNGEPRGDTRAY -
BSP-Y CLS 01080
(SEQ ID NO:38)
KYGRKRLQVQLSIRT mLMal res 2719-2730
CLS 010558
(SEQ ID NO:22)
KGGRNIAENKDI
LMB1 CLS 01060
(SEQ ID NO:23)
Ac-KGGPOQVIRGDVFTMP-NH2 -
VN CLS 61675
(SEQ ID NO:39)
GRGDSPK
Short FN CLS 01065
(SEQ ID NO:11)
Ac-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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<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
SP08-185EQLIST_ST25 <210> 19 <211> 16 <212> PRT <213> Artificial Sequence <220> <223>
Synthetic pdKpeEEMRFEluding sequence derived from mouse laminin (CB84Y & #6096y s Tyr Gly Ser
Glu Thr Thr Val Lys Tyr lle Phe Arg Leu His Glu 151015 <210> 20 <211> 15 <212> PRT <213>
Artificial Sequence <220> <223> Synthetic polypeptide including sequence derived from mouse
laminin(#R2ag) Rt0mParison 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.

[06195] 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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Lys Tyr Gly Ala Ala Ser lle Lys Val Ala Val Ser Ala Asp Arg 151015 <210> 21 <211> 15 <212> PRT
<213> Artificial 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 <210>
22 <211> 15 <212> PRT <213> Artificial Sequence <220> <223> Synthetic 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)

What is claimed 1s:

1. 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 which 1s
2-carboxyethylacrylate, 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

a peptide conjugated to a carboxyl group of the carboxyl group-containing

monomer of the swellable (meth)acrylate layer.

2. The cell culture article of claim 1, wherein the swellable (meth)acrylate layer has

an equilibrium water content in water of between about 5% and about 50%.

3. The cell cultare article of claim 1, wherein the cross-linking (meth)acrylate
monomer is tetra(ethylene glycol) dimethacrylate or tetra(ethylene glycol)

diacrylate.

4. The cell culture article of claim 1, wherein the hydrophilic monomer is selected
from the group consisting of hydroxyethyl methacrylate, hydroxypropyl
“methacrylate, 2-hydroxyethyl acrylate, 1-vinyl-2-pyrrolidone, di(ethylene glycol)

ethyl ether methacrylate, acrylamide, ethylene glycol methyl ether methacrylate

or 3-sulfopropyldimethyl-3-methacrylamidopropyl-anmunonium.
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M'<4OO> 23 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> Atrtificial Sequence <%£)0>_ 5@_%1? S%Igt_q téc 8%%9—?_8%'9? (RNIA) <400> 25 Arg Asn lle Ala

Glu lle lle Lys Asp lle 1510 SEQUENCE LISTING

<110
<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>
<170>

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

E

Corning, Inc.

SYNTHETIC SURFACES FOR CULTURING CELLS IN CHEMICALLY DEFINED
MEDTIA

sp08-18

12/362,924
2008-01-~-30

Us 61/062,890
2008-01-30

us 61/062,937
2008-01-30

31
Patentin version 3.5

1

5

PRT

Artificial Sequence

RGD-containing polypeptide

MESC_FEATURE

(.. . . .
Xaa is vaa(l) xaa(n), where n is 0 to 4, 1 is 0 or 1, each Xaa is
independentiy any amino acid, Yaa is any amino acid

MISC_FEATURE

(3)..(3) ) . ,
Xaa 1s Xaa(m)vaa(l) , where m is 0 to 5, 1 is 0 or 1, each Xaa is
independently any amino acid, Yaa is any amino acid

1

Xaa Arg Gly Asp §aa
1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>

2

5

PRT

Artificial Sequence

cyclic RGD-containing polypeptide

MISC_FEATURE

(0. W , .

Xaa is Zaaxaa(n), where n is 0 to 4, each Xaa is independently
any amino acid, and Zaa together with Baa form a covalent bond to
cyclize the polypeptide

MISC_FEATURE
(5)..(5
Page 1



:'<210> 26 <211> 12 <212> PRT <213> Artificial Sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse laminin (C16) <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

ide < > 27 Arg Gly Gly Ser Asp Pro lle Tyr Lys 15 <210> 28 <211> 9 <212> PRT
polypeptide <400> 27 Arg Gly Gly Ser ASh Pro g TyLys 13 <21Q
<223> Xaa is Xaa(m)Baa, where m is 0 to 5, each Xaa is indegendent?y
any amino acid, and Baa together with zaa form a covalent bond to
cyclize the polypeptide

<400> 2

Xaa Arg Gly Asp Xaa
1 5

<210> 3

<211> 5

<212> PRT

<213> Artificial Sequence
<220>

<223> cyclic RGD-containing peptide with conjugation site

<220>

<221> MISC_FEATURE

<222> (1)..(D

<223> Xaa is vaa(l)Xaa(m)zaaxaa(n), where 1 is O or 1, m is 0 to 5, n
is 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>

<221> MISC,_ FEATURE

<222> (5)..(5)

<223> Xaa 1s Xaa(m)Baaxaa(m)vaa(l), where 1 is O or 1, m is 0 to 5,
each Xaa is independently any amino acid, Yaa is any amino acid,
and Baa togehter with zZaa form a covalent bond to cyclize the
polypeptide

<400> 3

éaa Arg Gly Asp Xaa
5

<210> 4

<211> 15

<212> PRT

<213> Artificial 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
1 5 10 15
<210> 5

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

<223> synthetic polypeptide including sequence derived from mouse
bonesiale protein

<400>= 5

Asn Gly Glu Pro Arg Gly Asp Thr Tyr Arg Ala Tyr
Page 2



L<21é> Artificial Sequence <220> 2010-08-26 SP08-185EQLI5ST_ST25 <223> Synthetic polypeptide
containing RGD <400> 28 Gly Arg Gly Asp Ser Pro lle lle Lys 15 <210> 29 <211> 15 <212> PRT
<213> Artificial Sequence <220> <223> synthetic polypeptide including sequence derived from human

vitronectin <400> 29 Lys Gly Gly Pro Gin Val Thr Arg Gly Asp val Phe Thr met Pro 1 510 15 <210>
2010-08-26 1501908~1855QLIST_ST25

1 5

<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> (D)..4d)

<223> Lys at residue 4 froms amide bond with Asp at residue 17 to
cyclize the polypeptide

<220>

<221> MISC_FEATURE

<222> (17)..(17)

<223> Asp 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
1 5 10 15
ASp

<210> 7

<211> 13

<212> PRT

<213> Artificial sequence

<220>

<223> synthetic polypeptide including sequence derived from mouse
bonesialo protein

<220>

<221> MISC_FEATURE

<222> (4)..(4d)

<223> Lys_at residue 4 forms amide bond with Asp at residue 13 to
cyclize the polypeptide

<220>

<221> MISC_FEATURE

<222> (13)..(13)

<223> Asp_at residue 13 forms amide bond with Lys at residue 4 to
cyclize the polypeptide

<400> 7

Lys Gly Gly Lys §1u Pro Arg Gly Asp Tgr Tyr Arg Asp
1 1

<210> 8§
<211> 17
<212> PRT

<213> Artificial sequence
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30 <211>9 <212>PRT <213> Artificial Sequence <220> -

<220>
<223>

<22(>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

2010-08-26 SPO8-1BSEQLIST_ST25

Synthetic polypeptide including sequence derived Trom mouse
bonesialo protein

MISC_FEATURE

4)..(4) : , . :

Cys at residue 4 forms a disulfide bond with Cys at residue 17 to
cyclize the polypeptide

MISC_FEATURE

a7..an

Cys at residue 17 forms a disulfide bond with Cys at residue 4 to
cyclize the polypeptide

g

Lys Gly Gly Cys Asn Gly Giu Pro Arg Gly Asp Thr Tyr Arg Ala Tyr
1 5 10 15

Cys

<210>
<21i>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

9

13

PRT

Artificial sequence

svnthetic polypeptide including sequence derived from mouse
bonesialo protein

MISC_FEATURE

A..H R . :

Cys_at residue 4 forms disulfide bond with Cys at residue 13 to
cyciize polypeptide

MISC_FEATURE

(13)..(13)

Cys_at residue 13 forms disulfide bond with Cys at residue 4 to
cyclize polypeptide

9

iys Gly Gly Cys giu Pro Arg Gly Asp ;gr Tyr Arg Cys

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>

10

15

PRT

Artificial sequence

Synthetic polypeptide including sequence derived from mouse
bonesialo protein

MISC_FEATURE
D..D
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<223> Synthetic polypeptide containing RGE <400> 30 Gly Arg Gly Glu ser Pro lle Tyr Lys 15
<210> 31 <211> 14 <212> PRT <213> Artificial sequence <220> <223> Synthetic polypeptide
including sequence derived from mouse bonesialo protein <400> 31 Lys Gly Gly Asn Gly Glu Pro Arg

Gly Asp Thr Arg Ala Tyr
2010-08-26 sSPQ8-18SEQLIST.LSTAS
<223> Xaa is any amino acid

<400> 10

Xaa Gly Gly Asn Gly Glu Pro Arg Gly Asp Thr Tyr Arg Ala Tyr
1 5 10 15
<210> 11

<211> 7

<21Z2> PRT

<213> Artificial Seguence

<220>

<223> Synthetic polypeptide including sequence derived from human
fibronectin

<400> 11

Gly Arg Gly Asp Ser Pro Lys
1 5

<210> 12

<211> 15

<212> PRT

<213> Artificial Sequence

<220>

<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
1 5 10 15

<210> 13

<211> 20

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide including sequence derived from mouse
Taminin (CYR61)

<400> 13

Lys Gly Gly Gly GIn Lys Cys Ile val GIn Thr Thr Ser Trp Ser GlIn
1 5 10 15

Cys Ser Lys Ser
20

<210> 14

<211> 13

<212> PRT

<213> Artificial Seguence

<220>

<223> synthetic polypeptide including sequence derived from human
thrombospondin 1

<400> 14
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- 1510

2010-08-26 SPO8-18SEQLIST_ST25

Lys Tyr Gly Leu Ala Leu Glu Arg Lys %gp His Ser Gly
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

23

PRT

Artificial sequence

synthetic polypeptide including sequence derived from mouse
faminin (SN)

i5

Lys Gly Gly Ser Ile Asn Asn Asn Arg Tgp His Ser Ile Tyr Ile Thr
1 5 1

15

Arg Phe Gly %gn Met Gly Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Lys Gly Gly Thr Trp Tyr Lys ITe Ala ;he Gln Arg Asn Arg Lys
1 5 0

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Lys Gly Gly Thr ger ITe Lys Ile Arg %&y Thr Tyr Ser Glu Arg
1

<210>
<211>
<21l2>
<213>

<220>
<223>

<400>

16

15

PRT

Artificial sequence

synthetic polypeptide including sequence derived from mouse
Taminin (AG32)

16

15

17

15

PRT

artificial Sequence

synthetic polypeptide including sequence derived from mouse
laminin (C68)

17

15

18

16

PRT

Artificial sequence

Synthetic polypeptide including sequence derived from mouse
Taminin {C28)

18

Lys Tyr Gly Thr gsp Ile Arg val Thr %Su Asn Arg Leu Asn Thr phe
1

15
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<210>
<21l>
<212>
<213>

<220>
<223>

<400>

Lys Tyr Gly Ser Glu Thr Thr val Lys Tyr Ile Phe
1 5 10

<210>
<211>
<212>
<213>

<220>
<223>

<400>

&ys Tyr Gly Ala Ala Ser Ile Lys val ;éa val ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Lys Tyr Gly Lys Ala Phe Asp Ile Thr Tyr val Arg
1 5 10

<210>
<211>
<212>
<213>

<220>
<223>

<400>

2010-08-26 SPO8-18SEQLIST_ST25

19
16
PRT
Artificial Seguence

Synthetic polypeptide including sequence

Taminin (C64)
19

20

15

PRT

artificial Sequence

Synthetic polypeptide including sequence

Taminin (A208)

20
5
21
15
PRT
Artificial sequence

synthetic polypeptide including seguence

Taminin (C16)
21

22

15

PRT

artificial Sequence

derived

Arg Leu

derived

Ala Asp

derived

Leu Lys

synthetic polypeptide (AG73 with KYG linker)

22

from mouse

His Glu
15

from mouse

Arg

15

from mouse

phe
15

Lys Tyr Gly Arg %ys Arg Leu GIn val GlIn Leu Ser Ile Arg Thr
1 1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

13

PRT

Artificial sequence

synthetic polypeptide (RNIA with Tinker)

23

10
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2010-08-26 sP08-18SEQLIST_ST25
&ys Gly Gly Arg ésn Ile Ala Glu Ile {ée Lys Asp Ie

<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 Ile Arg Thr
1 5 10
<210> 25

<211> 10

<212> PRT

<213> Artificial seguence

<220>

<223> Synthetic polypeptide (RNIA)
<400> 25

Arg Asn Ile Ala Glu ITe Ile Lys Asp Ile
1 5 10

<210> 26

<211> 12

<212> PRT

<213> Artificial sequence

<220>
<223> sSynthetic polypeptide including sequence derived from mouse

Taminin (C1l6)
<400> 26

Lys Ala Phe Asp Ile Thr Tyr val Arg Leu Lys Phe
1 5 10

<210> 27

211> 9

<212> PRT

<213> Artificial sequence
<220> )
<223> Synthetic polypeptide
<400> 27

Arg Gly Gly ser ésp Pro Ile Tyr Lys
1

<210> 28

<211 ¢

<212> PRT

<213> artificial sequence
<220>
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. 2010-08-26 SPO8-18SEQLIST_ST25
<223> Synthetic polypeptide containing RGD

<400> 28

§1y Arg Gly Asp Ser Pro Ile Ile Lys
5

<210> 29

<211> 15

<212> PRT

<213> Artificial sequence

<220>
<223> synthetic polypeptide including sequence derived from human
vitronectin

<400> 29

Lys Gly Gly Pro Gln val Thr Arg Gly Asp val Phe Thr Met Pro
1 5 10 15

<210>- 30

<2ii> 9

<212> PRT

<213> Artificial sequence

<220>
<223> sSynthetic polypeptide containing RGE

<400> 30
giy Arg Gly Glu Ser Pro Ile Tyr Lys
5

<210> 31

<211> 14

<212> PRT

<213> Artificial seguence

<220>

<223> Synthetic polypeptide including sequence derived from mouse
bonesiale protein

<400> 31

Lys Gly Gly Asn g]y Glu Pro Arg Gly Asp Thr Arg Ala Tyr
1 10
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