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| arge scale. Thi's goal requires that the scaffold conprise the appropriate

bi oconpaninpleismmt elways prediive bf oetcomesindgerns to create an appropri ate
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growth, migration and differentiation. For example, in some applications, such as bone and

20 blood vessel engineering, the donor material may be progenitor cells which can be stimulated
to migrate, proliferate and differentiate, and then form appropriate tissue structures within a
scaffold implanted into a site in the body.

[0004] In order for cells to properly grow, a scaffold must direct the arrangement of
cells in an appropriate 3D configuration and present molecular signals in an appropriate

25 spatial and temporal manner so that individual cells will form the desired tissue structures,
and do so in a way that can be carried out reproducibly, economically and on a large scale.
This goal requires that the scaffold comprise the appropriate biocompatible materials and
bioactive agents to create an appropriate interaction between the scaffold and the cells.
[0005] The surface of a scaffold may have a large effect on cell traits, For example,

30 texture, roughness, hydrophobicity, charge and chemical composition are surface properties
known to affect cell adhesion to, and subsequent cell behavior on, a polymer surface. Thus,

selection of a surface of paramount importance in the physical design of a scaffold.
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(Carbonetto, S. et al.., Science 216: 897-899, (1982), herein incorporated by reference).

25 [0009] Another “class” of bioactive agents, growth factors, may act synergistically
with ECM material or other agents to promote cell adhesion, differentiation or other cellular
behaviors. Such agents may be incorporated into a scaffold or included in the culture
medium. For example, morphological changes induced by recombinant growth and
differentiation factor-5 (GDF-5) in fetal rat calvarial cells marked by cellular aggregation and

30 nodule formation was dramatically enhanced by the presence of Type I collagen, but not
fibronectin on the surface.

[0010} Moreover, this synergistic effect was highly specific to GDF-5 as compared to

other mitogenic agents which failed to induce a similar response. This finding highlights the
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receptors or other bindjng nol ecul e
P environments for both the g{udy of cell behav1or and for practical applications including

preparation of cell populations and cell-based biomedical devices for clinical use.

[0013] Cell-based assays for drug discovery are commonly performed using long-term
25 or permanent, often genetically engineered, cell lines (see, for example, Housey, U.S. Patent

4,980,281). Because such cell lines have typically been kept in culture for multiple

generations and commonly originate from aneuploid tissues such as tumors, they do not

represent ideal cells for study of normal physiological responses. Genetically altered cell

lines may be unstable for numerous traits and thereby may not represent cells as they behave
30 in vivo.

[0014] Many target and drug screening approaches are based on ligand binding

assays. Use of such assays may identify as drug targets receptors or other binding molecules

which are not physiologically or pathophysiologically relevant for the disease being targeted.



whi ch are not physiologically or pathophysiologically relevant for the
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devi ce for .assessi t he .effects of 3D scaffold on.a ;cel lular Lvity,
the. devilteaiBrgTs o HoeRi St e hopBedonit Biey s vl Elevitind 285k )
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conprising the steps of (a) screening bioactive agents suitable for use as
bi oactive surfaces for the desired cellular activity; (b) screening a

l'i brary of conpounds for sgUagMARYSF THE INVENTI®N um conponents or
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fabricating a 25 culture syStem conprising one or nore 3D sca
conpri sicaulbhactsel gbe devitd aaaprisieg a syppdrcedacefhasingpttacheddhetctolaecelel ect ed

medi um cqppounds. of , d d) determnm ning. er e.effects of
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device for assessing the effects of 3D scaffolds on cell activity

conpri sile7l 30 (a)Addtiwetlyihe bivenden neluderenmsthpd fornselecting eompasienistwhiels
COuROne e B3R i B 6L Sy PRl Rt bkt

activity comprising the steps of (a) screening bioactive agents suitable for use as bioactive

surfaces for the desired cellular activity; (b) screening a library of compounds for selection as
suitable medium components or additives that support the desired cellular activity when the
compounds are presented on or with the selected bioactive surface of (a); (c) fabricating a

25 culture system comprising one or more 3D scaffolds comprising the selected bioactive
surfaces of step (a) and the selected medium compounds of step (b); and d) determining
whether the effects of the cell culture system achieve said desired cellular activity.
[0018] Further, the invention provides a method for designing an apparatus or device
for assessing the effects of 3D scaffolds on cell activity comprising:

30 (a) screening bioactive agents for their suitability as components of a bioactive surface for
promoting a desired cellular activity, which surface comprises a layer of a CAR
material;

(b) depositing the bioactive agents onto or into a plurality of 3D scaffolds; and
4



(b) depositing the bioactive agents onto or into a plurality of 3D
scaffolds; and 4 WO 03/044158 PCT/ US02/ 31167 (c) depositing the 3D

scaf f ol dswaloongi1d8t h t he associ ated bi oactive agents ont o PaTES02BNH67 Suppor t
surface conprising said CAR layer. [0019] The invention also includes an
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;
a cell esron resistan ' Bt eri'a thdat forns a R surface, and a
pl ur al i pylyeD-arhitlere (RDE) oly(ehylswafe) OP4).iand pohy(@lylamine (P, adR asur f ace.

15 [0021] In this device,, the R.material may be bound irreversibly,
gener al Pb"ﬂﬁﬁé’%l,oac%wgtﬁtapwet oontt‘ggl_egﬁxef'ace. This is referred to herein as
" bepdi ngoozf)r  bondeghe.embaRinteRof IR ipREseAt inv@fion S cEc IV devi@MBF SdsBdsingt 0 t he

surface, for exanple by electrostatic, ionic or hydrogen bonds, Van der
Waal s f thecefEectstpfdhrepidithénsiangbscalipldb g aidesisadstiplonactivity ccompripingyee ke, t he

3D scaffolds may be bgund |rreyersihl L. i.bl : terial in
20 the SSte SrRURRHsHEE5 LB Y BB tordl achl RipRdeq Qi E AR
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pol yi sopropyl acrylam de, (f) hyaluronic acid (HA) , (g) alginic acid (AA),
(h) derlq/“éfﬁ%r&ceof HA or AA, and (i) a conbination of any two or nore of

(a5 (h) 1oobRSt P efRifiedyicy, HE-CAR it nallte HENA fifeveRIbI chbElly AR se an
additional 'l ayer conprising a reactive terial between the support
sur f ace cavdlertlyeto @ARsurfayer ThiPiskfrreddo hereot dsvbondihgt ordlomdédit. Thei(GARI ayer are
pol yet hyl enei m ne_(PEl), poly-l-lysine (PLL), poly-D-Ilysine (PDL)., poly-L-
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suscept eto oxidation-nediated c ctivation.
Furthermore, the 3D scaffolds may be bound irreversibly or reversibly to the CAR material in
20 the same manner.
[0022] Preferred CAR material is (a) polyethylene glycol, (b) glyme, (c) a glyme

derivative, (d) poly-HEMA, (¢) polyisopropylacrylamide, (f) hyaluronic acid (HA) , (g)
alginic acid (AA), (h) derivatives of HA or AA, and (i) a combination of any two or more of
(a)-(h). Most preferred is HA.

25 [0023] The device may further comprise an additional layer comprising a reactive
material between the support surface and the CAR layer. Preferred reactive materials for this
layer are polyethyleneimine (PEI), poly-L-lysine (PLL), poly-D-lysine (PDL), poly-L-
ornithine (PLO), poly-D-ornithine (PDO), poly(vinylamine) (PVA), and poly(allylamine)

(PAA)

30 [0024] The CAR material is preferably susceptible to oxidation-mediated chemical
activation.
[0025] The above device may further comprise a bioactive agent, such as an ECM

material or a growth factor, present on or bonded to a surface of the scaffold. Examples of



[ 0025] The above device may further conprise a bioactive agent, such as an
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nore fi usdinl@UellteemaiifaféorancsakmerOof(thy cell granth ciadifferentistione amboli um
corrponent and (i |f) a_ candi date bioactive surface conprising one or nore
b| oact i 1%58%!@5 P wsdagtheysiemcel s in or on one or nore three di nensional

§f0'”goa 8#.“21 ch qﬁgﬁ)ﬁgmi%gﬁu?méoa&&c?ea%a @Jf&hgse%lﬁflgac&ﬁﬂkac_t wi th

ying an optimal first conbi nati on of
t he nmed symerﬁ&at paqmdtsemtmomm(ds b peedbicominkd umoagentlwel 603 cdbileaciiviyy, aheé

optimal first |evel ion identi D. - and (¢) ..
Do oMt Aysteertianaly siss ararnan pL el BeCigRist I rimodtcSnprising:
conponegy)s a'?éinngbél?scfbfﬁf%c@%ﬂlt&tlkfﬂ%gft@r Gttt QuIRYSTQRRIGPBREIcaIME a cul ture
vessel or surface and one nore 1 hree-di nensional scaffolds have therein

or thereon t lerfanslinthequtesspre ofdnefor myre fig l4veledmbynatiingafi on of medi um
co%)onents and bi oactége sur f
?1 J2%ndidste 2Mtird Fedium component; and

(i1) a candidate bioactive surface comprising one or more bioactive agents
presented to cells in or on one or more three dimensional scaffolds;
which culture vessel surface and/or scaffold is in contact with a CAR material,
thereby identifying an optimal first level combination of the medium
25 components and the bioactive agents;
(b) selecting the optimal first level combination identified in step (a); and
() incorporating the selected optimal first level combination of medium components and
bioactive agents into a culture system comprising a culture vessel or surface and one
or more three-dimensional scaffolds have therein or thereon the selected optimal first
30 level combination of medium components and bioactive surface.
[0029] This method may optionally further include a step of
(d)  measuring the ability of the cell culture system to permit or promote the predetermined

amount or level of the cellular activity.



100291 This nethod may optionally further include a step of (d) measuring
the ability of the cell culture systemto permt or pronote the

pr edet er twoad/o4asount or | evel of the cellular activity., @CWD0Bs0474158
PCT/ US02/ 31167 [00301 The nethod nmay further conprise (i) testing the
cells f he desi v ture in the presence of one or
nor e segtg)%(g | evel @g%ﬁ&g@%g@%{ ﬁ%di um conponents and the bioactive
surface, theKgby ieang ifeydetlgfanthogdsiradbctyeyafidr ¢wined inctberpreserice ofipnéor( i i )

selecting the optinmal second | evel. conbipation, and (iii) i rporating the
sel ected opti mal %6%??@@\‘}&6{ Pafions Bﬂt%ﬁfm _‘H?ﬁﬂ’i"‘i’%ﬁ#ﬁm@ﬁ&&%‘gwe
bi oactive agents ipleQeametbl Wtig)sE Sr%ﬁﬁﬂﬂrsb&nﬂlgg\?el eohbithgon;vessel or

surface and one or nore three-dinensional scaffolds conprising the
sel &cted sec@ind | esledtingahboptanaloacontideyed odmbinAlien apdovi ded is a nmet hod for

designing a culture system that permts.or rQnpt es, .a_,. predet grm ned
anount or |e :) ofncgr%’é?tfr{ﬁ té? 3%8‘5?4/?9‘9‘}31 éﬁcdmaﬁlﬁvce ¢ Z‘E‘S‘Hf)‘b‘g‘tdql%ﬁ‘gﬁ y
enabl es assessnmento@pohdi®s AR Vitdclve agdntsvintoya culfiee SBtROELHERMENG SinlGire ()
testing cells for the activity after culture in a culture vessel or a

cul ture surface, vewahersyrfaee andgmgoamors thige-dimensionn] sefioldneamp g e ds, in
the presence of o r ] ions of (i) one or nore a bioactive
agents bound to oﬁgle(g%dgn%rogdé%%a%}r@%f]s on the scaffolds, and (ii) one
or 100r e (gt ur e NedidpiosileP iemethod féralesigyingdaniltufesysgmathatqeirmivebr

conbi nati on of CAR material, bioactive agent and 20 nedi um conpanent; (b)
sel ect i MEPTRPTES dpredpaIMBEHBIMARRG Al foflued aptyich é‘ﬁ)‘if"a)c,ll Sé’%‘/’mioﬁEB‘PaE]dr ating
Lhe ool SEhf ARKLAPL: ORI A0 Al FRRMIRI AL AlisyEd) UM component | and

bi oactive agent I1nto a culture systyem conpri si ng i) a culture vessel or
sur f ace (@onpéstinggelishfer (haRctaiteafialculddre itha cglonbivesstl @ cultuie)surfacnt act with
the culture vessel. or surface, one or .nore three-dinensional. scaffolds

havi ng at t acReYPHHEE étpg“rf‘llluté( O%&Fﬁe?épéﬁnflapaléfsaf?ﬂgs’%iherPé‘FseE‘Eﬁ”ﬂfioﬂﬁPf BY™ her eby
degkagni ng t hg,euldaes system [00321 This nethod may further conprise:

1) one or more a bioactive agents bound to one or more CAR materials on the
scaffolds, and
(i1) one or more culture medium components,
thereby identifying an optimal combination of CAR material, bioactive agent and
20 medium component;
(b) selecting the optimal combination identified in step (a),
(c) incorporating the selected optimal combination of CAR material, medium component
and bioactive agent into a culture system comprising
(1) a culture vessel or surface comprising the CAR material of the combination,
25 (i)  in contact with the culture vessel or surface, one or more three-dimensional
scaffolds having attached thereto the CAR material of the optimal combination
thereby designing the culture system.
[0032] This method may further comprise:
(d)  measuring the ability of the cell culture system to permit or promote the predetermined
30 amount or level of the cellular activity.
[0033] The above measuring is preferably performed by cell imaging using an
imaging apparatus operatively linked to the culture system. The invention therefore includes

an apparatus comprising the culture system with its novel device(s) and an operatively linked



(d) measuring the ability of the cell culture systemto permt or pronote
the predeterm ned 30 anobunt or |evel of the cellular activity. [00331 The
above neaworosiogiss preferably perforned by cell inaging uscmgsan3iisnmagi ng
apparatus operatively linked to the culture system The invention therefore

i ncl ude a IS5 : : | '

devi ce( yaéﬁ%%%'per tsﬁbﬁélﬁé%%@%%g%g% @Rﬁ%ﬁpﬁ /a B@%IE}’ gtf%gﬁé%’ ;b?mgi ng
systgm dﬁ«j@@lﬂbéﬁ@c&div{m@%ﬁg ssgf;&:]c_ifrrhef[ﬂsm&;ent Sppamt?aﬂ,{deifiaéhx)dm\zmbdabl e or that
may be designed is intended wi n scope .0 e present  apparat us,
devi ce &d%net hod In fhsgersgong ”P?{EOCL&R% ﬁﬁatg‘éﬁlﬁ%ﬂﬂe&fﬂgy AR I}oéefi%iti s

pr ef er al,  DRESe e dvh fholdaglcblRaah g§her an
ECM nol ec%Téé),aﬁdg@Evl\)}ti%Q?a%%%ggﬁor eg?ﬁ\é‘{?\%icgg, 0i s b5 pref g%égogﬁg%g%gvl\g@f nor e of

t hoSe dpsafeiablydbnalbovere pOMBS ddseribddeabbeot-egoi ng net hod, the scaffold is
preferably a material as descripe aboye.. .[ 0036],,.The cel lul ar actjvity
rreasure(&m}gﬂ t he ag%a@ fﬁﬁgﬂ% W?E%‘Eél?eeﬁcafﬁ% %prg%lr%]blgla r%{(?rllal aﬁﬁ?sfgﬁeednti ation,
ei ther ghowhi ch may be neasured using an antibody-based assay. 10 [0037]
This invention also provides a nethod for produci ng a device for assessing
the ef i®93¢ls, on dhseclbdarattividy mepsuredintthe phaye nagthed ispaefersblygrowth argellng
cells in.a culture.syst that _.conpr.i . rea- di i scaffold, the
met hod Aupra-eid o SO bl oy aaBl Due s s TR 8. TS O

| ayer omood7|f i rst gwppiavéntiourdsagrofiass a mbdbd fa@fpredicinya ddvicecfor hssbsingahd i vi ty

by culturing cells in the presence of the agents, and 15 selecting one or
nore of efiges edeotadpellglay actyiyed 4 acess PEEYIUSRSICRES 1ct quiiuEg sysem het y:  (b)

deposi “ceﬂlﬁhbe% aQPﬁeQJimg?%&ﬁis%ﬁd Vi lﬁ&ﬁgaéorﬁ ighted in (a onto a

t hree-di'nensional "~'sca to gerierate bioactive surfaces on the scaffold;
and (c) (alepostretning digattiveedgehty bofind toca Srsa€ABI ldgervava firgt supporb swéet ifare

Socond SuppoMMSIEEITHER bR BB Uiy EPIHar: a6 o Hedresenes 91Bs aprCR
mayerial . BRISQ%NQE?%'J?E%‘_O%eEE'&t%WaN% deQPaBlrrdck gHElféScelltfiall&tﬁi'ﬁpi ct

cell growth on surfaces nodified as described in Exanple 1. [0039] Figure
2 shows (bel | slepositing the ohdrer modk Hipastive agentscsstectedtinga pntoartbrsedimensiamahi ng.

25 [0040] Fi A- 3K _sho i ne MC373 dhering t d i
coveral  di f PEAGIL FOERIEE PREOAS Do Ph ot SAISE; MG 1V bes of (Fige o o
3F- 3K) gl@}v: NReF&ithr8Sa plfiidyl bf th GeHTRIdsHAV R thEBECtBRIsurfadds dattestcomnd gr owt h

on a no ed surface _ _
CAR support surface, wherein the first and the second support surfaces comprise

20 either the same or different CAR material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Figures 1A-1B depict cell growth on surfaces modified as described in

Example 1.

[0039] Figure 2 shows cells grown on the modified surfaces after fluorescent staining.
25 [0040] Figures 3A-3K shows murine MC3T3 cells adhering to and growing on several

different concentrations of (Figs 3A-3E) and types of (Figs. 3F-3K) ECM molecules.

[0041] Figures 4A-4F shows cell attachment and growth on a modified surface

containing the ECM peptide, RGDSP (SEQ ID NO:1), in comparison to a control surface.

Figure 4A shows cells attached to circular regions in a grid on a petri dish. The immobilized
30 HA surface was treated with increasing concentrations of NalOy4 cross-wise (3, 10, 30 and 100

mM) or untreated (leftmost column “-NalO,”). The surface regions were then treated (top-to-

bottom) with either buffer (1 pul) (bottom row) or equal volumes of various ECM materials,

RGDSP-1 mg/ml; collagen - 3.2 mg/ml; fibronectin - 0.1% w/v; laminin -2 mg/ml; or a
8



contai ning the ECM peptide, RGDSP (SEQ ID NGO 1), in conparison to a
control surface. Figure 4A shows cells attached to circular regions in a
grid on awpaBni41d8 sh. The i nmobilized 30 HA surface was t rpeatiesd2/siish

i ncreasi ng concentrations of NalO4 cross-wi se (3, 10, 30 and 100 mM or

unt r eat | e col unm-' "o T ugf acss Heaqd then treated
(to.p-to-‘?x(al’.‘)é’tr %‘r—ﬁ’ngc\fmgghunéﬁnt eM(gg# %r ()('%qu%?ml?bg{g?b% Fl g\gl%/}1 g‘gse‘\é@‘rég? vol unes of
vari ous nicidgraphebf @dlis adhdidg$hadd g@wihg o BCMge rontrd sirfagks ak indidabedonect i n -
0.1%wWv; lamnin -2 ng/m_; or a 8 WO 03/044158 PCT/ US02/ 31167 . m xture
termed #14Human EEisureiEyB-showihegssuits of medivmoPYmiLAioRPreqsrsy B
m cr ogr AT 4 b 38n . t ces as
i ndi cat Z%ECG%B{Z 1eﬁllnggv}r&§sdegg?%%ogﬁg\%g %0?1%% r es%lrgtos 0 Mit ggrg\gglu(gadé?&?%lﬁgati on
pr osess diffietiation (Eigl $R)e M ntinoMEBaBuRI welswekefstudesd. gr owt h f act ors enhances
osteoblast growh (Fig. 4 nd 5 different.iat] Fi 5B). Mirine MC3T3
-E1 cel W%ere st @gﬁ"é ﬁf}@@@gwrsaog PR @ﬂ§%ée§dr1§§/5éac§t?gﬁlse‘m%y§d ap Skfgq’?l}liked 3D
scaf f ol Q3asaE b¥REs ON cginf(tﬁS.el@tcengﬂ)i@&t) i EshoWnl B Esinpafis6 @i Pig( kL Shovkda cent
piece) i's shown for conparison. Fig. 6C shows a plurality of scaffolds
ar r ay ed phuralatyroif seafodbperaybd dea nDESSRPPFIEN OF THE PREFERRED EMBODI MENTS 10
[0044] The invention provides devices for testing various bioactive agents
anvi ronment . he. ol QETHER B ESRABMERIE" | Dy opt i ma
cell culture environments. [00451 In one enbodi nent, the device conprises a
jmu_ﬂpﬁl’t [euq4f aCeht gh‘éﬁi&i\féhtibll‘&pmw&s devcasdbt testilpewirions bieadtbieaagentagedit and to
ich are attached a plurality of 3D scaffold 5 [0046] Suitable support
sur f ace$MRRYIRgED iseaffalds 1Eﬁ%§§nfieﬁl%‘éfrﬁpioé’ﬁmah€q%m’it}m{) VL %'%"eﬂ‘otﬂel imted to,
ceran cg Y Sth iRRM [ agestRYerRfrohfichide form of
di shes, mfeﬁligéﬁgl%o ﬁfogg%lps)l at egt, ogﬂﬁfe%%%gu%tﬁpgg{a (?r&enbraneesr{%%ﬁ I Fn;, bi oreactors
and mi criap@sirt i cl edn ongpembadimbhty theakdeicoomppéeass supporseffarerte whpel iy ensd f or

h f i ncl ud ly(h et hyl met,h | at.e) . pol hyl
Cor epht Rt alheh el feaht BOBORY L AE g Ayl d BB EE RS ey
pohiy( st ys@pe) (" PSultablP MipHo¥t st¥iacdsTbPiisedfihe pré@htinbentRhliHALED baP¢E 8Be) |

pol y(vinylidine fluoride), poly(dinethyl siloxane) and other silicone
r ubber s linGteslds, @mpios, matals bapdsmewy Thashiprdet sirfaecsimoiy be iwphe SirmafediBtnsded

i or opl 4186 THEOP G oubS S5e2 gplriBiant B Pl FEER SR ¢ Those
manuf actpséferibBymBRcdfarpliiek Prerered gisgthers dor stoh Mkface thetudal t er nat e
enbodi ment, 1536 well virtual, i.e ss, mcroplates of the type

., well-le I
made by meédhyhonetilnetyacrylage) gy ethylene terephthalate), poly(tetrafluroethylene),
20 poly(trifluoroethylene), poly(styrene) (“PS”), poly(vinyl chloride),

poly(hexafluoropropylene), poly(vinylidine fluoride), poly(dimethyl siloxane) and other
silicone rubbers. Glass support surfaces may include glycerol propylsilane bonded glass.
[0047] In one aspect of the invention, standard multiwell PS microplates (having 96,
384, or 1536 wells) are used, for example those manufactured by Becton Dickinson (Bedford,
25 MA). In a alternate embodiment, 1536 well virtual, i.e., well-less, microplates of the type
made by Becton Dickinson are used.
[0048] As used herein a “cell adhesion resistant” (or resistive) material, also referred
to as a “low affinity agent,” is one which, when present on a surface, prevents or reduces cell
adhesion or attachment. Such materials may also reduce protein binding. Suitable cell
30 adhesion resistant agents include polyethylene glycol, glyme and derivatives thereof, poly-
hema, poly-isopropylacrylamide and charged polysaccharides including, but not limited to,

hyaluronic acid (HA) and alginic acid (AA). In general, highly hydrophilic substances with

9



[ 00481 As used herein a "cell adhesion resistant” (or resistive) material,

also referred to as a "low affinity agent,"” is one which, when present on
a surfacewomsevant s or reduces cell adhesion or attachnmemcr/iSozbiiaat eri al s
may al so reduce protein binding. Suitable cell 30 adhesion resistant agents

i ncl ude I IV, | s a8,

pol y-i sézgg%}g%g%ﬂrs 3 Pg?:ncglc)i)\éﬁ%lﬁ%}lpg r%%oeﬁgg% y(gézlilcc g%{ﬁ%egglﬁiﬁg%e&m%gﬁl&bﬂt not

| i m t edot o confiyimhtiomOmA prefarted ceHAYhesivch rasigtamti agemds HA. Aetholimargener al , hi ghly
hydr ophi | i ¢ subst an with 9 3/ 044158 PCT/US02/ 31167 .lLarge nunhers of
Pyl oy FOBPETHET g D PrEEing S AT P SRS LSS BEPSH AESS e FLEBRETAL] one
or in cman@r&onﬁmﬁsﬁgﬁe&U@@Iﬂateaﬂlég%ﬁ&ﬂoﬁ s&figingt agent is HA. Met hods
and conpositions useful for creating | ayers and CAR suUrfaces are
deséri bédetinmangrGiasar erdibt ¢l AdhestapResiiting Surfym’h filedzonsivgn date be@withaandnt
Application Serial 5 Li ebnmann-.Vi nson al " Cel. hesi on Resi sting
Sur f ace re‘B?’ F%C(?r%oﬁatgggﬁfeé%lrtegce‘rfgﬁ\ﬁnflﬁ%ﬁﬁ areﬁé$ é%ﬂ?tepﬁ%so?{?gﬁlg?gﬂ' by reference
inits okorety, as«Radivkhutdriiieisone davias bRfps AeshelsAmiddiflindwhicRagd i ve
material”™ is one having groups such as amne or imne which can be

deposi t &g depasited oBtgsFopPOTS sitrfage and irowhish fiei ceH aghrsiqieepistaghagsnionay bandst ant

t . . ; L I tl terial
ol ude E5AT IS of sl ARl Bl SHERL R LRl AT AL B Rl R oty o' 21
oy D oL Lh e POn: poly Lyl ol i nes PR and ol yCal Lyl ari ne)

- it hi ne ol y(vinyl am ne /A), and po] y(a am ne
(P - POBBUE (FH01 pATeAp i (BB ety itamind) BAY B va! Viasare)

i oni cal \I%Aw'p[th a support surface. The PEl creates a surface of free am no
ic

groups are available for coupling to a 15 cell adhesion resistant
agent u$00sg car bodh b preferaiembddigerti PED pemmiiediioreatt ionif41)54ith 4 suppodt her

aspect of the_in tion, a cell hesi.on resistapt material. is eposi ted
onto . SuisG 11e R sisdtehsereanes s aminy ERbBtvHIch Areqy 04 B der PupBREGHn.
" Ofi dat 'c¥1¢adl@sﬁr’ﬁrf@siitﬁrﬁ%%%%ihé'cﬁfﬂoﬁﬂﬁ%e@éﬂﬁﬁ’x&g @n bk BhBsdTRef)Scharge in a

vacuum or corona di scharge. or plasma discharge in a vacuum nolded parts
of a supgestit sur f deencther agpert etithe nnventres weell 20hesitarrbsistantiatarighiixt ur e of

gases including oxygen is pu d.into the ch r. der defineg, ...
Qond t 1 QRRStp S R BRRer SuBE R M Rebl Be AR by Ri0RR o B8 " Dorigntvg

pl asme, piRirafirda@idit SincMidédexpdsurs Up RRishnahiich@Qe in & vaduaat Gboroal dischi@eess
generates negatively charged functional roups on the surface including
hydr oxy [For plasipa dischagelincayasyye mgldsd patts mg uppets syacstapeplacydnasragdin a| so
be,added create .opr | ex [ LVe. . t f r, 25
excAlipt o et TR Eo PR, 1 B B s PutpREirhs B RlBL iR )
and CEL kaddtiony sftysirttal (Saiusi el an dlessia disbidrgs; antadtive pismapwhich irsaetsy and

negatively charged functi onal ) . )
with the support surface is created. This process generates negatively charged functional

groups on the surface including hydroxyl, carbonyl and carboxyl groups. Mixtures of other
gases can also be added to create more complex oxidative plasma treated surfaces. For

25 example, the surfaces of Primaria™ products (BD Biosciences, Bedford, MA) and CELL+™
products (Sarstedt, Newton, NC) contain both positively and negatively charged functional
groups that can act to promote attachment of a cell adhesion resistant material.
[0052] Alternatively, after oxidative plasma treatment, a reactive material such as PEI
may be deposited onto the support surface.

30 [0053] A “low affinity region”, also referred to as a “cell adhesion resistant: or CAR
region is an area on a support surface onto which a cell adhesion resistant material has been

placed, added, spotted, deposited, ezc.
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groups that can act to pronote attachnment of a cell adhesion resistant
material. [0052] Alternatively, after oxidative plasma treatnent, a
reacti ve watoani€ab8 such as PEI nay be deposited onto the Papamsnr/3gerface.
30 [0053] A "low affinity region”, also referred to as a "cell adhesion

resi st andp=410r CAR i i a0, : i~ch a cell
osa4] Tn bfPAPBet o%tl?eﬂnﬁ% idn, J‘pPlﬁra%'(t’]ng&% g%?fo‘icféca‘?e Qwaﬁeél‘gg of!

adhesi on resi stant nat esgl al has aced, spott ed, osi t ed,
et c. 10nvDcORNOtUNIBBndNTZddS$0 2134 afhity[r6gi6d.) In enecmebodspeatt scoffoldberel nvent i on,

lurality of 3D scaff coval ent| -coval ent Ly i mmbilized
oo | ORI aNe § FEEGREI S1ds DB SehRG WA e PRI S Ao o MR B o

HA- coat gl v HesH¥ Haling Gol19 Ge ed By NESWoRRdiRL icBY ghdter, Scaf fol ds into well's
of a multi-well-slide having well's defined by a Surrounding silicon

gashet . [®5§10055] *“Threealidemsams! ssatibld cefefsdietin ted 2P pohmséémplats thatz3mypor ous

tenpl ate that. may. .be used for initial cell tachnment and.subsequent
tFsbue. PorRa fBTtis R ATERmAR sy ubothod ysne oA B R A B SRR of s
nay ConhideliRRegond siffoddsSmApednpiad basd muderials (Iéfinked Bslo®l) ASell 381 BteRANCES
whi ch may enhance cell growth, mgration, adhesion and/or differentiation.

Exanpl esubstancerdwhish maycabangeicelh sppvahonisration adhgpies apd/or diffeaptisin. Base
TRt e | QS fBes SRAMHERIRNRL bARRE agAlhgligs [ nclude natural pol yners,
synt heti ¢ polyners, ‘I horgani ¢ conposites and conbi nati ons of these

matler i aljmse|Usef ul Basd arlialsper corsttction of tidee soalfbRig éiclwdechaghrylgudanemogl ycans
(GAG . One advantage of collagen as a, base material is its natural
abundané&¥theficpodwners, inqyganis canppswice and eorpinatiys of these matemiajso sefpl gaturah yman

ti ssues i i L o] i i of
el T R ERb bou@Rhand vk Oualtfifldant (5AGH B aBanfuctloEoliaon 54 0
bi ol ogi bade mateparis itesatthhbbundiiee ib hissweslethe mbldems of celagengn thietmajgrityade

materials. In particular, control, cell behavior and _to. pl arolein
U sue. Luren GemEn ndeicS iR | DEsIT PN T WepyAary ofseididtey ° ©
scabfol gﬁg}ﬁn@cﬁ@deltﬁ%éso BemildH5), BOGPIRIVE pRy YA LK BiolGidallPlopertied 1 b Y| acti ¢
acid (PLA), polyglycolic aci'd (PGA) and copol yners thereof 20 (PLGA),

pol y( or theoedesaably as pisdug graftingihass maigrthlhyldmageiudar, SAGS castrelekl} tphavaoneati hy |
nmet hacryl at e ol.y-. HE or | yet hyl ene oxi de- pol ypropyl ene oxi de

copol y 9&€$Egleﬁé3§ueg§%i}?@%§8¥§wxﬁci ds) are among the few synthetic
degr adalyjes7)pol Yy MeRnthBRd p@t@ersMRuPIE dedfdiy B?ﬁlicﬁiibr&' ifdhddipsy@nAydisxy been

used extensively for sutures. 100581 Hybrid materials, contaihning natural
and syneéids)isucipad polplactimaced (RUA), polaglyadlsoacid@ (k) alawpblymesDhersaf f ol ds of

AL L N Al
(2000) , methacrylate (poly- HEMA) or polyethylene oxide-polypropylene oxide copolymer (PEO-
PPO). Poly(a-hydroxy acids) are among the few synthetic degradable polymers that are
approved for human clinical use and have been used extensively for sutures.
[0058] Hybrid materials, containing natural and synthetic polymer materials, may also
25 be used for 3D scaffolds of the present invention. Non-limiting examples of uses of these
materials are disclosed, for example, in Chen, G. ef al., Adv Materials 12:455-457 (2000),
wherein hybrid sponges comprising collagen microsponges residing in pores of PLA or
PLGA sponges were used to stimulate the proliferation and regeneration of a cartilaginous
matrix from bovine articular chondrocytes. Carbonetto, S. et al., Science 216:897-899 (1982)
30 used synthetic poly-HEMA hydrogel incorporated with either fibronectin, collagen, or nerve
growth factor to stimulate growth of cultured neurons.
[0059] Inorganic composites are of special interest for bone substitute applications. In

particular, calcium phosphate ceramics, bioglasses and bioactive glass-ceramics interact

11



wherein hybrid sponges conprising collagen m crosponges residing in pores
of PLA or PLGA sponges were used to stinmulate the proliferation and
regener atwornsofi4ids carti |l agi nous nmatrix from bovi ne arti cwcarusoyendr ocyt es.
Carbonetto, S. et al., Science 216:897-899 (1982) 30 used synthetic

pol y- HE ' | j £ [ e or nerve
grow h %‘%’;‘%%? EIt?(g%setc %ﬂrzr%ﬁ%t&gth g)troggvt ﬁﬁ)ﬁolp OSS{S% 'Eh' %g%‘&r%éc%?%%é .hgfr(gggéqaa%n%lrd gani c
conposi sioms@bibized palciim phésphats tref motheo eeangplo of thisdless af platerials. ons. | n
particul ar, cal ci um phosphate ceram cs, biogl asses and bi oactive
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speci fi mﬁm@ﬁq Mm ni ng cal ci um hydroxyapatite and
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mat eri al s” descri ove, singly of nation as wel ase

mat er i aksowk hothiosd of dkilbsethebrtskill in the art. [00611 Three-di nensi onal

scaffol ds may be bricated b -kno t.hods. A . common fabrication

process W8 bot h gf%%‘@meesw% S%{O@Sﬁagﬂ%ﬁﬂfﬁe‘ﬁw E’Fll';(ingwflﬁ’%]? S_Af s

phase S%&%Exfbh'f%}icahenﬁ%l?dc%és%f Bdth siitR&R a?x@ﬁll%ﬁl&l'sgﬁfdé&%htérfa@seiﬁeolvgs’ ¥i ng has
al ..,

been used 10 extensively (e.g., ang et i omed. Mater. Res.,

45: 285- ph&e(se@etjon. Rapatisulagtphase separalips upan @egeﬁheinigmgs beemped 420, (1999);

L | . . B ials 21:,1595- 1605 20 i ch her el
nd8r porsicu iy er drefeds - Hilonad g diFar> P> BPEburShatihed Lo ani ¢
sol vent TaRge EABnedring 5: QD%QO,EE@%Q{WW.L%%W@B 2by1595e28@5, ¢ro0onEatieavi ng

behind a porous structure. n-lirmting exanples of scaffolds fabpricated
f r om napliwhichpee hersinsingpspergted iy sefesneed hhhebase arateripd isolissobvsd|imgewitaionges

i th 5 i . . Ri ials,

5o B BESCEBHEREIRn P AR e RS Gl By o'

scaf f ol ggudsinieh Nun-laving@R applee oBicatfolda fghrivgteti fom Aftotal pHmErd Bigfthist 120 m

(Hem et al., J. Bioned. Mater. Res. 39:266-276, (1998) herein incorporated

by 17 ef efeshai@pe agafioreusollagangpergss avith nogeshatweenabapt Hyaddabeprab¥ir mus 4mto
bout 2 . et 7. Bh ' 14: . 3 i

oo poRett by Ehudlats ORTRSE (P98 RehdpcctPitred Blfercthdd lolBER 7 o

from ab@AG bcdfrdl@s wipuh avdfdPordbig Raking, from Yoo 90 @im to BbANALE ihA(Hem
21:1607-1619, (1999), herein incorgorat ed by reference)) dependi ng on

fr eezi ngt @ordBtdmsds MatgrxBespBL266-376,4J718) deteen weoippmtedyaicfarnss), shiesaact ur ed

by freeze-drying,are PLLA foans j rosit f up 1,0 abgul. 95% wi,t h an

i sot r Seet I hrrAeE S5 LabineR Apn:0 bt fob @ A biaaler 4 ke

st pgct ung: AwAt BI71 998 IRAAR kol Rabd By Fdrerdh&Sy fidadhitb SidSscffoldd Gi@pRELr S to
sizes ranging from about 1 um to about 250 um (Madihally, S.V. et al., Biomaterials.

21:1607-1619, (1999), herein incorporated by reference)) depending on freezing conditions.
Examples for synthetic polymer scaffolds manufactured by freeze-drying are PLLA foams
with porosity of up to about 95% with an anisotropic tubular morphology combined with an
25 internal ladder-like structure containing channels ranging from several tens of micrometers to
several hundred micrometers in diameter (Zhang et al., supra, 1999) and PLGA foams with
about 90 to about 95% porosity and with average pore sizes ranging from about 15um to
about 35 pm together with large pores of up to about 200 um (Whang et al.. Polymer 36:8377-
842, (1995), herein incorporated by reference). Freeze-drying has the added advantage that it
30 allows incorporation of small hydrophilic or hydrophobic bioactive molecules into PLLA and

poly(phosphoester) scaffolds as Thomson and coworkers have demonstrated (see, for
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several hundred mcroneters in dianeter (Zhang et al., supra, 1999) and
PLGA foans with about 90 to about 95% porosity and with average pore sizes
rangi ng fwomsalaost 15mto about 35 mtogether with | argepPoarnes2efieup to
about 200 m (Whang et al.. Polymer 36:837- 842, (1995), herein incorporated

by ref epenea) - Tl‘F)'ir?s%ﬁ% 4, >P IV %ﬁ%ah@l% P?ﬁc%g{;l %%aﬁizﬁ%?lgg C/"‘?z\%}e nlér% Rt

i ncor poration o snal ICc or hobi ¢ cul e into

PLLA andanzacdt w[ pduiss Mn@st@rﬂp@gaﬂﬁ 2ﬂ3d372a(;1 9Df Y fecein mcdrptooamt kereferbraoee
dermnstrat ed (see 3044158 PCT/ us02/ pl e, . Thonson et

o)
al ., Pol¥fdr Scaf Maddh Wlae%%%tgﬁ&eeqe FOTUE S it e 4 ke ng,
Lanza ei)re@!: tfthx‘eagsdlmeﬁﬁ&ga‘? ScAERIRARY thepﬁeg@mgngechﬁmqHescﬂﬁédﬂb}nOkI@:?% por at ed

by reference). [0062] l\/bdlfl cations of the freeze-drying techni que which
ar e5 us efBilomiateriwéki mg()6t4hlé)72pflé’§é)1henetnrleeprpmatvérbs'l refeadnce) aflfiptedniquecusehe
"freeze- &haw te hni %%l‘g des .lgd ey, et (ixl g g omat erj al s

14: 1064P Wﬁepa(al e Veln d%P?%F PRET AP pdyde E{)hc e 8e%hi que
uses pliRsAns FHRSAEd W\pdl%wﬁmOa o$ ee\dtophilid didnd WyalV Waiditionand a

hydr ophi I i ¢ nononmer upon freezing, followed by polynerization of the

hydr ophrémevahphibeselvent byvhawingdiThtsi leds anthe fommsipalof sracraperays ihydiogelsy A
t haw ng s¢ Rk ﬁlodﬁfc%ﬁoﬁ 3 ﬁ&%e LRI dOfeQ n{%@l if Bﬁﬁ&“%&ﬁepﬂ,ed ﬁiowpu u?a?cond

m)dIfIC i on I mYersi on preci

di $60l veslvem, @oldd, amessd in £A6- ﬁﬂverit ErBughe ¢b iodmetemPBratat ‘f(ﬂhiwedbiycsulyfeht to
room t enper ature foll owed b%q sol.vent renoval, as dermnstr ted in the
fabri cafimeevabs fempasitagd in s fhrieatiop afRoETer-yathane iforras With peferfizes r om about

100 n to, %ﬂl%p%on}gg IQ)§ %qo agoutq%O?l@y(Sagd @'ePgPdJ Elﬁﬁﬁed $25 320753086, (1996),

herein in orate fer ence conbi'ni ng ‘phase separation wth

at om zafia9e), hareh tﬂablrpofatédrwl&msmdeb OBy chibbinraphasé {dpaativr wiihzeamizptiéro about
100 m have been fabricated 15 (CGutsche, A et al., Biomaterials 17:387-393,
( 1996) anétrh@i ﬁlnil dersispionaPs doams With peresizey up [dw Y} | G@warhave b%ﬂnfﬁ’é@“sat‘idan be

pot yrer (GUEHERRR e PRt 72 3R O MR B bt aica B e AT, car e

net wor kgooedt h di sMnﬁaq)owm@;b@aﬁ befoPisd misinethotits ﬁa(gemubaﬂmmn ¢heire.
bundl es (Herbert et al. .J. Bionmed. Mater. Res,40: 551 (1998), herein

i ncor poFar ednpe, it I@lé‘ﬁé@%atw@oéEQM ATOteiRs, Sechos fihaingeem cambepesddp fregsr i ved
o €A B 5y 500 RSB hyBG En aabR gl poou
i ncor powat, el BiymddeMenanRes) 40:[5606X)98Y, hemin thcomposditahlay referemde).nGrasslinking
ePhct | PEESJAUT, PaTePGIoREb OB AT S BEpirar e eaRBEe YR DS e h neo
por o B o R A e AR P O
PLGA scaddofdotisted by Fefedenst). 60%
[0064] Three-dimensional printing is a fabrication technique similar to
stereolithography. It involves selectively directing a solvent onto a polymer powder packed
25 with NaCl particles to build complex 3D structures as a series of very thin two-dimensional
slices followed by leaching of the NaCl particles in water. PLGA scaffolds with about 60%
porosity and microspores ranging from about 45 pm to about 150 pm have been fabricated
using this technology (Kim et al., Ann. Surgery 228:8-13, (1998), herein incorporated by
reference).
30 [0065] Gas foaming methods involve the formation of a solid followed by exposure of
this solid to a gas, e.g., CO,, under high pressure which is allowed to saturate the polymer and

after which the gas pressure is rapidly decreased. Pore formation occurs during pressure

release due to the nucleation and expansion of the CO; dissolved in the polymer matrix.
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porosity and m crospores ranging fromabout 45 mto about 150 m have been
fabricated wusing this technology (Kimet al., Ann. Surgery 228:8-13,

(1998), hwoasi4dingor porated by reference). 30 [0065] GasPpcoarsomgiinet hods
i nvol ve the formation of a solid followed by exposure of this solid to a

ggf yner Q’Lﬁ}dé‘ qgoﬁ%r{s O?%%OSR% gP bOﬁ 93 f:’ea SS Y r@l P.°§e ?%é | %ﬂo%tec r Z'E Eé‘% e ?ﬁed

formati ey tkis aleftddMdongy Bf &S %ﬁat@ﬂ&l@&Sﬂ4dﬂQ422} (19%) ftw’ﬁélﬁ@ﬁdoqurﬂ&ﬁby
expansi on_ of the CO2 dissolved in the ymer matrix. 13 WO 03/044158

PCT/ USOp¢ierener)) repprtial the dphyication el RisGf fw@s w&haemﬁttygé@Z%r?@d\npt%%re si zes

of abou 00 r r Vi nhy D Mgney et al., Biomaterials
17: 1417E?@§; ﬁr%r\égégljtqoﬁgl?leﬁg%b?lﬁclgp 8}?%{@%&8&@ erence)) reported the
fabsi cajogs) of PL@hrdeCBi®nsibid sédffoqmlrhalwaaﬁﬁ%temﬁy RO novz@sthod angi ng from
about 10} mto about 100 musing this nethod. 5 [0066] Thr ee- di rren5| onal

scaf f ol desludiye, but neidinigesttedthpse wb@ﬁ@mvmt maY be phtingdicammeseielliot i ni t ed
O O Ehlly kiRl B%Vﬁ)s frolmAh i AhaeH &Om&&hﬁ"ﬁmﬁﬁg&% gially

avai | able scatfto s rom of exa unsw ck

Sci ent i Scienfhc CEAESISH, N‘ll(e(ge ijra (]Ei®r)ra Cel (r)). [0067] The 3D scaffol ds
used in the present invention may be of any sultable si ze or 0 shape. In

one enb®¥fHent, tHA8c3B sgetéfplfiépggl ip the peseRbwenmInay be of a3y sHiablesigs Shet er .
l n 10 anogﬂﬁ{ ﬂlecﬁfe eﬁ%o@lﬁ?&ﬁ“ tﬂ? Bb, dsc&ﬂ?&d@&?e%@@efeﬁ l8sutar® spehMas Glmt I3 Mmto

mmin aneter. In a yet ditional desired enbodi nent, the 3
s c af f ol dsothexedebmd/\ﬂabbchﬂnemu; th® Isdatfollid arebetweendibantlem to [2(50618]m aihlmeter

preferred propertie he surfac affolds are ose ch permt
15 cel | ?%65{8'54%3}?0&?1 Bé\flﬂbo gat S’ﬁr{@J %EPE%FF%‘?%WEMO g? %’F‘é@(t ure,
roughnesgs dianfeedr ophob| city, charge and chem cal conposition that neets this

requirement i s acceptable. . In sone cases, |ess adhesive surfaces that
pr onot e [968]l - t o- cdlhk preferest propertiesed the svcrfa@m @l%ﬁlé scafpidssire thoseyrhish permit

erre f d surfaces ma i ve agent
LR s S5 R and B2 Pt Y o ER e b BEREESH Gl clsRShy o hor
dl ffer em&d@bh&ﬁcltﬁchﬁ’g@aﬁd theeniag €6 Tpoxﬁﬁon fhlat @1@&% thiSreqairpnesig dcceptable. .
"bi oactive conpound” 1s one that affects physiol ogl caI cel | ul ar . processes,

such as haﬁpra@@%@s f¢es edhasivei susfagns that pramate celbtq-cgl g celde-swfachpl e, cel |

adhesi on 4Py any of a nunber of short pept| des with
sequences er| vﬂ%@gmﬁadhem on proteins. These sequences bind to

cel | - sundoage r ecepDucaffalddurfactsatiay inedrporatthetsibmtive 5gém stdteassgeptidatham wi t h
S| ?Ol ar pglrrmltsocy}eprror?lf)gels gelzli Xdl}egl%rrll gtrggfthl (glrtda f%érerrl)trlaqtfogl ns“bloac%ve agen'%gr Ser-Pro
“bioactive component” or “bioactive compound” is one that affects physiological cellular
processes, such as an agent that permits or promotes cell adhesion,. For example, cell
adhesion may be enhanced by any of a number of short peptides with sequences derived from
adhesion proteins. These sequences bind to cell-surface receptors and mediate cell adhesion
25 to the substratum with similar or lower affinity than the intact proteins. Arg-Gly-Asp-Ser-Pro
(RGDSP) [SEQ ID NO:1] is one such peptide that may be coated onto the surfaces of 3D
scaffolds to increase cell adhesion. This peptide binds to integrin receptors on a wide variety
of cell types.
[0070] Preferably, the base material of the scaffold is one that does not support cell
30 adhesion. Cell adhesive properties may be imparted to the scaffold by subsequent
introduction of an adhesion protein or peptide such as those described above. For example,
Han et al.. (Macromolecules 30: 6077-6083 (1997), synthesized lactide-based PEG networks

which showed cell adhesion resistance due to the surfactant PEG. When a cell adhesion
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(RGDSP) [SEQID NO1 ] is one such peptide that nmay be coated onto the
surfaces of 3D scaffolds to increase cell adhesion. This peptide binds to
i ntegrin weaajpi«ss on a wide variety of cell types. [007@CTRrset/griably, the

base material of the scaffold is one that does not support cell 30
adhesi 0fegi b naRANER! o Opatitsedn ShdduRbdbPY
subsequenstgﬁ.lltntar u%’tc;égtﬁgo? an a%heﬁ%%%sp‘%rﬂ()rt el rllé or B‘Cé’ap‘ft‘%’é" such as ?hose

descri badroalbow'/cm oﬂ-&nrapppoprrpﬂeé),loactﬂam agent thlat bor(dvie the medistantineaterd) suG D PHED83
(1997), én si zed, lﬁé%? Bgﬁed PEG networ ks which showed cell adhesion
r esi st affEeugh xeg gl ‘?"é’& flOB=G \When a cel| adhesion 14 WD 03/ 044158

PCT/ USOZdp34 167 1 ﬁl‘le?%%ktﬁ@ég%ﬁis%mbl? bin@a$ 841 Qﬁ‘fat:@ ?ec%f:%fsazﬁﬁ re@fiRteflev e

properties can readily be inttoduced by Introduction of an appropriate
bi ofct i geovabameplitatian obdiff¢sentiotiomef ¢edls insfudstmarseraeleailasgrowtaicEG  t hr ough

Lo cel | PP ERELpedoS o Saeleeite e ey PRRbY BofRiigt " ©

di f f er efintRbin@Mm&fifiéEhroteinsN6 oV @8y copotanis)) 1g5dd, sarbah pirhtds, nacleRr ®ids( grInge al | y
pr ot ei ns}( pepti des, small nol ecul es and extracel lular matri x nol ecul es,

prot ei nd e(|nclud|ng nodi fi ed protelns e.g., glycoproteins), |IpIdS

boh h
1(‘: :E;t gr gﬂ{ é ep| ggr%k Slgegg%;\gl%wft t&?%ﬁ@b&d‘éﬁn?lﬁ el e fag?%%@lsygé gr gx h
faggor (B growihafsthO(FDG ﬂﬁﬂéﬂ)ﬁmﬁg@fcﬁﬁﬁ fadiIrSFBGF o TEEE), hepetpatOCyt e

growth factor heparin bin |ng factor, insulin-like growth factor | or 11,

fi brobl ggwth fasierh eﬁaaetbmchng faeipr Hipgpiot i growdacter el bmhlestarowiione

nor phog ol i n o) ctors
oo 3o R i 4 B BRRIERS 1R SRR et e B

mol ecul gsotéifis;land etmygmkmm %tors undwr s thbe ofiskdlrihehkam Othemebefub growtks, such
as 15 insulin. These are also described in the literature and are

comer cs@RRipting molesyles inolde avinkinssaiwsh as thedpierlenkins, aud hormanes, suchasy t hei r
Re‘fﬁpt O Rulil! PheseRRY Al d&% es@tib d iR4%e hSet%[ﬂ{rsgﬂtgfre ﬁ&fﬂl%ﬁgfek S%E?(Q‘ whi ch

erein I ncorporated by Fef erence actors can be isol ated
fromti stﬂpla,sPep@deﬂwmthm{s abd dmlzveReceptlors”MIEquisrrmt apr edby Spdnper-
r econbi ria, east or n cells (or other 20

eukar yo%éla%’ ‘% orlfzb(% e¥: f‘Fﬁ‘Iléh YE@Z‘I‘&%“BE’ JF t%4° rom t he submaxillary
gl ands gfys4]i Ce an@r&@ﬁ fﬁ@toﬁa&nl%@iblﬁé@%ﬁqgsﬁeﬁfsﬂ@édﬁ@%tldﬁafﬁ@&%léﬁh S.

San Francisco, CA). Many growh factors are also available comercially
f rom v e mubthasls og gmldu%i i rgoemighentimenns @obactefig; yeasioari nsamvalian @l l(ershert i ve

RaZ) Sy o Uit R T e kim iRy ECE Rt B el e wpm o g SRR or il ")
and TGF-B has been produced recombinantly (Genentech, S. San Franmsco, CA). Many
growth factors are also available commercially from vendors, such as Sigma Chemical Co.
(St. Louis, MO), Collaborative Research (Los Altos, CA), Genzyme (Cambridge, MA) ,
Boehringer (Germany), R&D Systems (Minneapolis, MN), and GIBCO (Grand Island, NY),

25 in both natural and recombinant form.
[0074] Examples of ECM molecules include fibronectin, laminin, collagens, and
proteoglycans. ECM molecules are described in Kleinman et al., J. Biomater. Sci Polymer
Ed, 1993, 5: 1-11 (herein incorporated by reference) or in other references are well-known to
those skilled in the art. Many ECM molecules are commercially available. For example, a
30 commonly used ECM material, Matrigel™, is made from the EHS mouse sarcoma tumor and
is available from BD Biosciences, Bedford, MA. Matrigel™ may contain laminin, collagen

IV, entactin, heparin sulfate proteoglycan, growth factors, matrix metalloproteinases.
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25 in both natural and reconbinant form [0074] Exanples of ECM nol ecul es

i nclude fibronectin, lamnin, collagens, and proteoglycans. ECM nol ecul es
are descrwbadoi415%l ei nman et al., J. Biomater. Sci Pol ynePCTH$02/1068, 5:
1-11 (herein incorporated by reference) or in other references are

wel | - kn to thes j I : I

cormer o Ty avai g iurppS Hlik 6B o Bk Gk RR EEH T RF growip

Mat r i gelfachdrs,i BCMateletulesyot bibefHiS:, muyde isarpan®d intodhe 3D dcaffddscaceondaigte from
BD Bi osgi ences,. Bedford, MA. Matrigel TM may contain |lamnin, collagen 1V,
ent act i 'S HESFEHINERA% ot e prot eogl ycan, growth factors, matrix

met al | opjg9d el Nasesn odSerRRERIGHEG RGTRRISAckaRk, iAW Bhowth fhdtoriier st ood
that the foregoing or other bioactive agents, et he( growmh factors, ECM
mol £cul escapeulated iremidresphereayprofsrabhic BEGArmiceaspheres anéh incerposaed fnghatform

cecor ! o Bnb ORISR e RGBT PR ATREAA T R, ™

M cr 0sphgofsoratBd BY dfalehde) Pliathothe: leabBBiRieds .ond BEmoREBIORAIVRagents Aret hat form
into 3D scaffolds. (See, for exanmple, Hile et al.., J. Controll ed Rel ease

66 177- 88s0lvedmongarrierjspelbapwptar Wprpducearsehuisinn dhat is yeed foeens thesurfaeh el , one

or nore_hj i ; [ : I C i h e .to
o oduce SRR R AR el Sulth S NG dpbibe el pbidthe SURTEBP MR, 0,0
| atoer ielutisetotdtainihgrongbomwiohgbianaheragets ajieribetad onteldrsnto BDr sceffaldpbhed a 10

sol ution .contai ning opne or nore bioactiye agents is distrjbuted onto or
“nto 3DUEERIT blEESAAGTONNPaS ThisZesl i sdamsfqoewfﬁlaegmaefmeggmﬁ%%s in the

deposi t 'dﬂlgd Bitm toﬁ‘?hé)%cﬁﬁﬁfdi s n@'g% ?‘gh]t%t dtter egl'B:b@i%efn;t, laBoRRtioh 68 08E S hbted

surface. I'n yet another e a solution of one or nore bioactive
agent s bsaptiepagead is prefarédiM HYOSaHEOY asd shiadan gentlyl yA 3B @affeldas foohttdi s

"coated" . with 1hi | utj dis_al to stand . f bout , 2 t
oom t et tisdplitoR ebdis Hiaren T and et ebSH Bhons & e PR PR SHRG o
buf § er eghsSRhifoR i RBHed INth fR8AEM Vit &lling (PBO ahalsebdbdaieh &1godi ment ,

bi oactive agents are immobilized onto three- dinensional scaffolds using
wel | - kn®eA7ini | d billmeesgrlediment, biwettiveqpgerts stedmmpbilized vataidsesr dizeansionalk.

Mosback, | bilize nzymes, .and Cel | rt. B, Acaden ¢ Press . ando,

FLy . (188 g T RGN B dekrusafon, Binin s 0GP D& A RRAGTR

Techni quessbadC IRBbIiz& EftymeSand DeRg Pari2B) Ach887ic; Pragsd OBandfo, LS @b8Bt al .,

The Immobilization of Wiole Cells: Engineering Principles, Chem cal Eng.
ﬂegr’@é

Sci . 40GEHenmensm) gt al| fomehilizad 4ffisi o fedhniquend adericres) SaeBigei ses

al ghnic {4 r i i ve ] . ]
L et T e R
(pr ef er @WHemicil Byt Bcretoriplati 98spy. opyl carbodiim de or EDC) Q

[0078] In one embodiment, the 3D scaffold comprises alginic acid (AA). One or more

bioactive agents are coupled to the scaffold via the free carboxyl groups in AA using

carbodiimide chemistry (preferably ethyldimethylaminopropyl carbodiimide or EDC) (J.
25 Rowley et al., Biomaterials 20 45-53 (1999), herein incorporated by reference).

[0079] In another embodiment, A bioactive agent(s) is/are coupled to the scaffold

using periodate chemistry. For this, the scaffold must comprise a polysaccharide that is

partially oxidized by mild oxidants to convert some of the cis-diols to dialdehydes. These

functional aldehyde groups can form Schiff’s bases with free amine groups such as those

30 present in bioactive polypeptides (N-terminal amino groups or side chain amino groups of Lys
or Arg).
[0080] Preferably, a plurality, of 3D scaffolds comprising any of a number of base

materials and/or bioactive agents are arrayed in a grid like pattern or a “microarray” on a low
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25 Rowl ey et al., Biomaterials 20 45-53 (1999), herein incorporated by
reference). [0079] In another enbodi nent, A bioactive agent(s) is/are
coupl ed twotde4sasaf f ol d using periodate chem stry. For tmcg/ushbeiistaffol d
must conprise a polysaccharide that is partially oxidized by ml|d oxidants
to conv i | dehyde
ar oups. S I8er Bl haFpEniich el ohfo £ BpHE AR, FANERRIIITNe PRELTS0

pr esent may beiigativalve pol ypeptides (N-terminal am no groups or side chaln

am no groups of L ) 80 r ef er.abl ity, of 3

scaf f ol {88 ’Borrprl sﬁﬁ 3&@%‘9‘@}’%{1%%4”58#“%&2@ a%ﬁ{sé'ﬁlﬁé(‘ftige}‘a‘ﬁﬁﬁmy% i ve
agent s b oAHANED nld 12 (Bhdidertd &%&%5%1&b%“b?oacﬂ@§&ﬁ@é aySucAR HodcAve 16 VWO
03/ 04415 PCT/ US02/ 31167 affinity layer that had been deposited onto a

suppor t swriirck peesentiinaehd ou dfefsohffolds prefisalpy supdorts ya) thaytt&@bmﬁute@df engrowtto0811

T, 30 SRR B MR RO BT G e Rl 0 O ©

sur f acedesired %Bll@albéc@i&ﬁg'l YRus, ﬁle&ékﬁﬁ elsiBaddive Saificel’ fefaiRdo @RurfiR c&ﬁ@ﬁmg%
preferably supports (a) the attachnent and/ or growh of a desired cell

type, (bioagtine agient(®rvdrieh parmita promate|or snhagce a desitedaglielar activifpe or (c) any
th d t f
o sulPBteCompt ShAlmaS A s ISR RED AR bt gl Lo 1 o <

enh@nceirdefesi 4rilthre sdrketed o detkinvihé WhichQ8 2t nidde Qifﬁheqﬂimﬁtymmﬂ) saffolds are
seeded into the 3D scaffolds of the device of this 10 invention, and are

scr eenetyPes (Wikh E5PEGh & Dase G dSPOSHSH BIQIFYGRECHY: GicaITETWLS # XIPssioniH ol d
types (Yﬂ &sﬁ&?&:@ﬁiartagtl %&H%@Eélﬁh aggﬂﬂééf fn@ﬂldp 'mﬁlte'n\é?hﬁ%&”to al?etrﬂ I ar

results 1 n expression esire ar activity. Desired ce
activi tgamthrpatt«:rde(e g)uenhanc&:dmmnndréasi:dedirlhiobwddtcerseppregem)v\almerphcdlbxﬂams (e.g.,

enhance rease |nh|b| ed or res ed L ter
functio °F‘8‘i" fge UEPSEIPLPR Fgﬁ“eofra%ﬁ% %‘ﬁ@f‘a?‘?sggmﬁﬁaté%a

pogs-tr gfb%le@siﬂgow proRif AeRSBINrREpdt, rga&a%rﬂor thﬂbﬁr@&ﬁ*a' pbin 6rrp'éﬁﬁ<ﬂ19r t,
secretion or turnover of a protein or peptide. Such a protein nmay be an

anti genSudl 4 pratein naay beraniaptigen, asoxinramomiibody, grhowamet agtoyth f@torgyt okine, a

| ot t t d th Lls i
cult ur o0apBEeCt soRiedAadaRs kudibs: Ao Fe oAb et biGR shludet on
of any gpueRRaHSes Y heXAURRRYFoccSANP MTN6SscBietibR bR dridegero@s 8r exogbnous

antibiotic, a steroid, a carbohydrate, a lipid, a nucleric acid, 20 and the

| i ke). Fempeundsor nmaévpbﬁesé@gt prRAntibeicH p SiSEiE, afahohydrata g liped Rauslelsecih t t he
t
S P B R FERb D BRLERRLI Ry Bhe SIPRGRSH Akl A 00

gr ow hand ?@e&ﬁ@oﬂldélﬁiﬂtatlmaﬁ&aﬂgﬁs ih fermaation, mﬁbﬂenmaxmne growth and/or

proliferation of cells.
[0083] The term “growth”, as used herein, means any increase in cell number
(“proliferation”), cell size or in the quantity or concentration of a cellular component such as
25 an organelle and/or an elongation of a cellular “process.” Cellular processes are extensions of
the cytoplasm and may include specialized structures; examples include axons, dendrites,
pseudopods, cilia, sensory endings, and flagella.
[0084] The term “differentiation” is well-known in the art, and as used herein, is
intended to be broad, and thereby includes the potential of any and all types of stem or
30 progenitor cells to produce more specialized or mature or committed progeny cells.
[0085] The term “differentiation” is well-known in the art is used here broadly to
include the realization of the potential of any and all types of stem or progenitor cells to

produce more specialized or mature or committed progeny cells.

17



("proliferation"), cell size or in the quantity or concentration of a

cel l ul ar conponent such as 25 an organelle and/or an el ongation of a

cel l ul ar wproomesss " Cel | ul ar processes are extensions of taa/wsyt/epbasm and
may include specialized structures; exanples include axons, dendrites,
pseudop C|I|a, e

"differ gﬂ?‘? ation" Tl?éeﬂ}éﬁ%ﬁ%l?%}ﬂioﬂ%dxtrﬁc@éh Jl% ‘189?38‘[’ gogsgzﬁéleﬁg?lgmfd c{1§90vera

i nt endeﬁldaomkwsubfaoadn smﬁfadest\bﬂﬁblebmmmé(bpdé&ubdheelprbare\ntmaj Difis myhodnd al |
types of stem 30 pro enitor cells to produce re s eC|aI|zed r, mature
or comiftiudgs tffe& iige bfial Sups oS rapivE Gy WRICHTTe S Rk RAPICoTHOSTEEYRY PE known
in the g ﬁﬁ)ldfy%d H§§goﬂﬁ&fen%f)§ﬁb¥c§fﬁ)ld' ffd Mferﬁea%n{b%ainaéﬁaf% ﬁ;l@thBJl‘eb

pot enti al any and types of stem or progenitor cel produce nor e
speti al swédblosuppeit gneaceras coated withe cpH cagbmondemstgnt mé?temaﬂdlooummﬂ& with a

PCT/ US02/ 31167 . [.0036 ention.is dir ed.al.so to t hod
Lo sor oot matiete b sipven et B A biraratsSeebpl g epenify Sip i Buri®

pronot e{Shedelaghdshfh reglthit ridterda! CE1S ¥re alibéBaniBiflRe Sppropiedte e@turé deavakyi ng
optimal surface characteristics, which may, for exanple, subsequently be

enpl oy edreasssregned fap dreedasired celluBpagtéviftol d. I n a preferred embodi nent of this
t hod, t rf t
MEL ho H@sﬁﬁsu' . a?n ip CF'erPeicf dnit Ld mgiﬁe ?%a&% ggnt"c‘frtagexﬁs coné;ﬂgr?giésegpl bed

resi sta teria I Ona M activ erl

aboge) adishsivn r‘éélﬁthnta)rbl@a@ﬁﬁlnit?” &gﬁﬂlts (ehictthepy skt et forh of apprbRidiately t 0 t he
cell adhesion resistant material. Cells are added and after apgé{oprl ate
cul t ur ecirpitlaspafssrectaggplarsnoke ARId Bt IHES geany thersuitphle arbitzary shapey In 200871

In a prgigL fneé‘fj Mo@ﬁﬂém Bodbh ?ﬁ%&n‘(@q@%@ sit8d ogﬁ% ﬁaﬁfl@m tﬁ.@t to cell

10 adhesi On Y esl stant of ™ ow a Ity" regions rrayt form of
appr oxi smifakyin ac‘gfld’tlbxa‘rmlsmatray” pmﬁamguhﬁan@pmaxelatvsmil;dumﬁnmsspdced]es or any

ot her suitable arbitrg 8&1@ In a re referred enbodi nent, bioactive
agent s &}aé‘nﬁéﬁ’(%ﬁ@é‘i?a RcH %0 BJIR &stant surface in a "grid" or

M §roakdogdf” Patt §iR phidacve ag%ﬁ(s%@&leﬁ th@pl%séxﬁ koY tHesd dQkAbedinaced
manner over an area described by two perpendi cul ar axes. 15 [0088] The

bi oact i vemaagem mthsmjpnewnt Hevige: é@@mﬂnayehermalantéy bérsied talesgeanisoéd cél
connectl n wt t setnt flew f I ﬁ“ %be coval.e t!—f% borédeod ),
regi ons® Sb?“c’&?‘? %fi giflePagR B “é‘?ﬂy? PIOLHVE BRI BY s Pf?l of

" bi oact iguer R @ﬂ@anoﬂ?ar B3 Cithatehd RAIRNY tHBdbncélitfatith of RMkRAIIb SR e DY
either the nature or the concentration of the associated bioactive agent.

Thus, i egentpAbhsiin egrafermskinhodimend aeh bicsaiétd reaionsgmprisesgifprsatbigactive

di %Qerent gl oact vglonofa%g nt or conbi nation of agents. [00891 Once a cell
si ofSYest g?rg a &r’8"6%f ormed on a surface support, the bioactive

agent mggosfe lmm@ﬂcbé%éllhﬂl&fsfbﬁ&esiﬁaﬁtgay&isﬂfobhﬁt@ﬂa sgrdce Quppoet; thei ques known

‘N bioactive agent may be immobilized thereon using mild bioconjugation techniques known in

the art, e.g., Mosback, supra;; Hermanson et al., supra; Karel et al., supra).
[0090] In a preferred embodiment, a bioactive agent is covalently coupled to a layer of

25 HA. To do this, the HA is partially oxidized with a mild oxidant to convert some of the cis-
diols to dialdehyde moieties. Mild oxidants include potassium permanganate and, more
preferably, sodium periodate. The functional aldehyde groups thus created can form Schiff’s
bases with amino groups of bioactive agents, for example, e-amino groups of Lys or Arg
residues of a polypeptide or peptide.

30 {0091] The device of the present invention can be constructed of a support surface and
an optional layer of a cell adhesion resistant material as described above, on which are

deposited (e.g., covalently or non-covalently coupled) one or more bioactive agents to create a

bioactive surface.
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the art, e.g., Msback, supra;; Hermanson et al., supra; Karel et al.,
supra). 100901 In a preferred enbodi nent, a bioactive agent is covalently
coupl ed twoasloayies of 25 HA. To do this, the HA is parti &adnywsoxsdezed w th
a mld oxidant to convert some of the cis- diols to dial dehyde noieties.

M1d oxidast s 'nC'ngﬁ%pg)g{z@g@ggg?vg%m&agﬂﬁe R Wreofil for REEREAR dhy SOdi um

peri oda The func e-group us created can form Schiff s
bases wiediredelhdargicauivg usifig bily)afzi varetygfantthods describedrhplain oskimwimia the oups  of
Lys or Arg residues of a polypeptide or peptide. 30 100911 The device of

t he pre%’éﬂt i nvention can be constructed of a support surface and an

opti onajgghgyer of Tﬁlg(}x?vénu@ﬁlgﬁ§'p%l&eﬁ%'rﬁéﬂ%ﬁ teE'iﬁ{gec{f)lﬂfal f;foﬂﬁéé‘dh'v@ﬁ RPGve, on

whi ch are 'deposit , covalently or non-coval en cou one or
mor® bi differént eomgetrstions of en egint on a shngleanelli oubure suffacesfor zﬁemm@elbgmm

PCT/ US02/ 311 0092 he sited bioactive t hen o SCT eened
for t hef“i‘da}%rf ‘ﬁgfeliekﬁ?fmé!nﬁedggﬁ&g &‘gfﬁ %pgplgaacs[upg? E”s“%}’l ﬁﬁmbdfl Cvariety
of met hgﬂﬁctﬂ%%*géil@%r&ﬁ[ ifithe fbﬁmKﬂf@W@adt Ané TAR Agion e{nﬁ(wf&stﬂﬁb%lda&i@t ion

al so provi des met hod testing a plurality of Dbioactive agents or

di ffer emglm mdampoattung eslloente gachdiiese negaorsﬁang [dgtepmining:the effees ey wl&ce f or
ff ect Wt dfo f
o suppolPlafie solh i oA SRS i Bl SR8 ePir Whpostdia e pIOR EftctifRs  OF 1 0

at 10 eas tha® BensGAR ﬂ@gﬁ@aua@f&grﬁl | east one bioactive region, and depositing
cells onto each of these regions and determ ning . the effects on cells that
are in ¥Mlact wi Relatasddn thy fosegomes @glpé%ntdﬁ&eqtmrl%wé%é&e@&& Sodgviess

bi oact i H@@%ﬁg n%hlcﬁglf?é?é"h b%aeﬁ&é}e s bl ma g@sea bg%s{ Pracd BOR4)

Rel at ed or egol ng, e pr esen I nve irected to articles,
devi ces smglecbultmteh@d&l |suc1vxmacd:elld ichri eosponid th id«f&remace or gpilients betvecep wsgiamos ed on
a si ngl% surface.or ‘%P g%l e .culture vessgc.’f su% h that cell s can
respond PECMIG J GiResed PlogrHATERIPE BY GRIERF ATTGREl blogetive agais, Pe

et apogathrit e&%eh&al&ﬁwfmaﬁ%l&&m hexsit SlichfrRatSith cBhQARh SRttcTa OF 15
d| erent concentrations of the same bioactive agent such tha if a
concent patttllcmlar bivadiveragentfcan serpaps arcnduging smdthMQCQl@MtaCtt‘aty, &asrexemple, an

i 11 or oot meRcn e el Bt datPhe FIT TR aallih Grfiionn,

Condi ti gih assh&B aB8ntdBY thePrésRhiadendsn WiRI1PHR DRBUr ih BY 6A LoBRNNEHA dulﬂﬁé occur
in or on conventional culture surfaces or vessels when enpl oyin

convent iseifiages eydssedsivhen emnbrymasmvenﬁggal ceh eulire seqtodso Tapp rﬂéfdlfﬁseﬂér mts
de ct Iaogpr(f))%cé]tsﬂcgrﬁl%§ aet%&gon Or}.tser %ﬁt I ?r%l;&?t;nsw npa | eu P g‘bh%tm 'VIQ'O %hr@latbur'

th gCeonvent ona 1 Ssue ¢ envi r onnen
are lost in the conventional cell/tissue culture environment.

[0095] In one embodiment of this invention, a bioactive region of a surface is
compared with a CAR region of the same surface to determine if the bioactive agent inhibits
growth and/or differentiation. In one embodiment, a bioactive agent acts as an inducing agent

25 whereas a CAR material has no effect on cell differentiation. In another embodiment, an
inducing agent or signal comes in the form of a gradient of one or more different bioactive
regions that are juxtaposed on a single surface, such that cells can respond to the differences
in bioactive agents or differences in concentration of a bioactive agent. Such induction is
typically stimulatory to a cellular activity. However, in another embodiment a particular

30 bioactive agent or a gradient created by juxtaposition of different bioactive regions acts to
inhibit or prevent the induction of cell growth or differentiation (or other cellular activity).
[0096] In a preferred embodiment, a bioactive agent is coupled to one or more CAR

regions in the form of a circular spot, a rectangular spot, an ovoid spot or a spot of any other
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[ 0095] In one enbodi nent of this invention, a bioactive region of a surface
is conpared with a CAR region of the sane surface to determne if the

bi oact i vewagamnt4issihi bits growh and/or differentiation. IpaTarse2/enbodi ment,
a bioactive agent acts as an inducing agent 25 whereas a CAR material has
no effeghy; j b3l ; faraloley in b RELEI Ng
agent o%}béf?gﬁ gﬁéﬂce 0 qnjééﬁefajr@?hg ﬁalgfr?{;n% %éfeﬂtalgg ?%(%?écrl]tg of d%ﬂgq%artel?rﬂb r1 rtlab d&# erent

bi oact i pettern'ggieg asrandedtasaeletiyalx tmiforadylspaned heringita and pepeedicslacipotsaat cel | s
can respond to the differences in bioactive agents or. differences.i
concent 1#7lon of ihB :bﬁ’é‘ﬁtt‘ﬁ/aege_ﬁtg‘_@m be %?Y@f?nhﬁ gﬁ’&%%gﬂ 3 Sgrfa‘fey‘iﬂ“li’ﬁ_slnﬁ aCAR

sti mul apnQiidtial & @estehlulifE bRfaklivd feYions BIMR WaVing la'li FEYeANDnc &THAAGH BEIRE séme
particular 30 bioactive agent or a gradient created by juxtaposition of

di f § er engensi bnartothves embgiliorent, achsbipactivie mégion corapriyss e\detféqremtmoacnm@gq’nbw of
cell growth.or .differeptjation .(or other cellular activity). 0096] In a
br et f r SaoBHTBIPhErecE i kaRbbRiarRriFias SPobd PR iihlhe spPe car

regi OnSnhﬂtiﬁlbGitf@éﬂﬂbﬁﬁacﬁv@itgeﬁtﬂa@é?ﬁi&@&is iften@&d. angul ar spot, an ovoid spot
or a spot of any other 19 WD 03/044158 PCT/US02/ 31167 @ arbitrary shape.
Pref er al#%981 a bi odctalhar cgfemay be depgsied ente asutfacedisplaying CAR mpteriplsa "grid
pattern”. .i_g. r d | ati | . i ] -and

R T R e L
to1@ suptskaeyotionpd eskangotic AR mesapférpdd dromameadlian eelld, ppdtieulaily foi ve

regi ons_each having a different concent%{ati n of the sane agent, In

anot her hgm%ir%!qupe e‘éE‘Pl‘”B‘? PEEIs-v B Gsr RITE %P?@E@masﬁfnf‘? 5 &tUSEi-oact i ve
agent Ofoosd} conbi Txﬁ&hé)&ﬁbéd?ﬁ%ﬁqf-thfgléseﬁ%s?%éﬁﬁ{eg 199%188, #54ctive QUrfRE ST

pattern erein the sane or multiple different bioactive agents are

spot t ed streenadtie no@binafi ¥8h niedheh komporeetsl te idemyifibeyndepssallpactingt o a surface
di spl ayi ng, CAR material.s and/or, bioactive agents. t hough,.any cel.l type
my" be GORRITRARORTI BRALEr R RJmEAt e FORIPALPIIS, O BPosy SRS OETREY 3 ot i
cehbs, rBsbomnef £E Hed eamaate@gepa{at@?. S&bdt8d matubl SothpdreltsWitnthoussRa, rats,
m ce or bovine species. In one preferred enbodi ment, stemcells are used.

[ 0099] Effedmen epauiintae nellir acheitpare seanttestied megmpgnatien voth onsiosaare ve

f : d J [ [ i th nedi identif
Syner o SRS GERBTT Y Bn EPRAtRE0aH Blsdlitt YRGBT S and roai um

conponents. In another enbodi ment, medi um 15 conponents are first eval uated

separ at lélkmid&hmm@k AREU ritiinifdovIa tiematich IS taltigtickl A ppdaclik te St eninga
particular cellular activity are then tested 1n conbination with one or

nore bigagti ve ageRbserbited &bddnsatOhe béreatihs MRl dQenARKidnlfAssifablee
surfaces). Peptide Libraries: Al gorithns and Mathematical /Statistical
Ap BP oac messliuny c@openentsig chitd O]t emplayipg dreanetbedscand saftwarprdesenthed de fe@ni ng and
det erm nation,of desiktable . 20.. [ £0 n [ e t l.0yi ng
the. mot MM RN e ET B G AR ERR T AR R 1. WOFSHI616H, MY

al., WO 02/02591, both of which are herein incorporated by reference. As described in WO

01/07462, a desirable medium component, e.g., a bioactive agent the use of which results in a
desired cellular activity is identified. A preferred class of bioactive agents for use as medium
25 components are peptides or polypeptides.
[0101] In one preferred embodiment, a first test library of bioactive agents is
evaluated to identify those library members of that have desired characteristics as components
of a culture medium. A plurality of culture media, each containing a respective test
compound(s) from the first test library are screened by measuring the effect of these media on
30 a selected cellular activity. Typically, the culture media are screened as a plurality of first cell
cultures each of which contains a respective culture medium including a respective test

compound.
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commonly owned PCT patent publications, Canpbell, R et al., WO 01/07642,
and Haal and et al., WO 02/02591, both of which are herein incorporated by
ref erencewoAs/odasgri bed in WO 01/07462, a desirabl e nedi eerasoepsrnent ,
e.g., a bioactive agent the use of which results in a desired cellular

activityprpg ident ldohﬁ,@und\hpraﬁta@wxﬁ&s%gaﬁéa&fvelagaﬁ@&dnvrfe eﬂ&ea Yyohyuse as

medi um 25 conponents are peptides or pol ypeptides. [0101] In oOne preferred
enbodi marethoddkrfommsit theemt. Ilndtymrayhbtfar)bmombcns wen bgysatated @d/cmsmthesu@d byo

identify t e libr at, have desired characteri |cs S
conpone Y Biee ot StidhheRea T Alear ot g pFpiHeE cAoLF wribssiad B9
cont ai NiFMIOE cheBRBSI(AMRItbRSE al. QW@?@BM P)zasfer@mhbﬂﬁ A Pr&dtichBapp rb&ckhr gry, are
screened by neasuring the ef f ect hese nedia on 30 a selected cel lul ar

act Pvi t PresvgpOubord Yniversety RuessuPufond dinglaad bows ey Advanged Chamdlech Miodeh39%f fir st

o T espotthETReCRRORh ol BB BByl RRrRily BBy B S b oy ' v

ConpounérrifieidrappactoVerrifieRty (D668 tiny €hageSics 863m493)eugamﬁrgarﬂeab by any
met hod known in the art. Individual |jbrary menbers can be isq|ated and/or
synt hesChaBisBy, syathesig op pihsesolid Qigperts 6§ mﬁ%éewnpwmte ngtheg sSynpghis

exanpl e e al .
(1989) gof}??dﬁ%g%re& n?%e(zél(zfageﬁlg?a%tl |b(¥a Appr %ﬁj bc}l %@%P@%gﬂg?@&&f ord
UnilOer siPeptidis asay, al@dfecmddiﬁahgﬂ thadyrboxy wrmibaly g cebtethcaniided) edvl) dthe aB@ifd

synt hesi zer.. ternatj vel tides be synt hesi zed usi ng. ot her

v;r i at i ORI (ERe 20K ML P RESY ag‘gg’ﬁﬁ}'r‘é}%llega%%??t}‘%ﬂe PHeUIRS 6%‘)‘“0‘]”%{ s(e&hem Soc.
85! 2149horlbﬁhffﬁé)dM%6d's B@Shg&ﬁ%fébﬁ&é Mt&!l@%@ﬁé&kl%lﬁ%ﬂﬁé aﬁoée'ed %uppor ts

(e.g., other reésins, pins, etc. t éa-bag" synthesis (R A ten (1985)
Proc. N&igonwdeatideSpithesisn Bmcﬁmﬂjdpprm MyJ. EwitbedalRdy Press; r%@srhmn D(H

i dlos. 1908 TR Sfe o AL cabE e inLORueEs Wichne i efe et TG T ot uae

noms nat Weahty/20€ ¢80, 1 Oéhstittivh GFRIMA libearfes are mwneiu@hdmi e. Mym!smf
ol i gonucl eoti de synthesis are al so known in the art See, e.g.,

A i gonudnatlndsde. B}ﬁﬁ@k}@sﬂs(wﬂ()}lf@@tqedép 5ppr oach, Gait, ed,. IRL Press:

doscr i bl g PGl SuRERRbh TP %@@W@’ @f‘f?if“eb'é%é BB, ot on

of RNA lwHictaihtiedessd ﬁrskfd:@t\m)mp‘d)uh@ er afrhpouﬁdgls prévidHELERA culrirdsaais incbatddier ck
et al. (1990) Science 249:505. [01Q3] In carrying qQut this enbodinent, a
first plofenappippenteconditipes ﬁ%amroe%ﬁ dggationgs KagW [ the 3gle a1EAFINSHE t est

COBROUNG O rrEl EQ%Qﬂﬁm'e ﬁqu‘itQHbéf? Or qfhlila dlﬁ gtthkr EZufbfce d}ﬁH@éﬁg’e%d deneaF

appropriate conditions for appropriate tions, knowin the art, and
assays actviB0 perfornmed to determine qualitati veI y or quantitati veI y the
oceurt er[](ﬁ%qu the ar sef\ttees(tj cgrgll)cLulgds are selected from a first test library of compounds,
preferably using a space-filling design. The first test compounds should be representative of
the first test library. The term “space filling design” as used herein is intended to be
25 construed broadly and includes all such known techniques . Exemplary space-filling designs
include but are not limited to full factorial designs, fractional factorial designs, maximum
diversity libraries, genetic algorithms coverage design, spread design, cluster based designs,
Latin Hypercube Sampling, and other optimal designs, e.g., D-Optimal and the like.
[0105] A space filing design assists in selecting experimental design points. Ideally,
30 all data would be gathered at every possible combination of the explanatory variable which
may possibly affect the response of interest, in other words, fill the entire space. When the

candidate space is very large and the number of possible values is large, it many not be

practical or efficient to enumerate all such possible combinations, much less physically gather
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activity. [0104] The first test conpounds are selected froma first test

| i brary of conpounds, preferably using a space-filling design. The first
test conpwonds4daboul d be representative of the first testciriusoasme’ The
term "space filling design" as used herein is intended to be 25 construed
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interest, .un, ather words, fil.l the entire.space. Wen the candi date space
i's veryaYadLaglf15Eodusteﬁegeﬂﬁ'ﬁgécrdl%tﬁncﬁgbsag?ci)‘frge@ ‘ues is large, it many not be
practi c@iodr effi gwerdentral efetBRicabedisfahceSbitbd dasEishkemimiak Aad maREninNuch

| ess physically 8at her 21 WD 03/044158 PCT/ US02/31167_ the data. For
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that there is .a disfapce function d on CxC, spac ch that (Cd) is a
metric spacemlﬁig}?é‘i“{g)éﬁgzs%glt(gﬁ% of" C of sW%f%h.d%t@me@x%ﬂ((V’gh a

di §1 ance- base8 déstgn if the design criteria depends on the distance
function d. The minimax criterion attenpts to cover the experinental space
by | ocafjing desi gThp&iarirfins@iterih thies @i spreatl A debignpaxitsinepdiesdoanae for a
candi date point to the closest design point. Mre  specifically, call D a
mi ni max mExEngA te mdnem distaneebetvesen digpamp-of desigmpgiptspdy papticylpe o isq(y, D) =

m nXED g&lYed;QmaﬂiﬁﬁPd?éﬁgchesggq}]i??l The maximn criterion tries to spread the
design pointsrn space so a 0 nmaximze the m ni num di stance between the

pairs of design points. In paxtmiaulat’)=Doinidx,xYal d’ed a maxi m n di stance
degogn if D xxeD x,x’e D°

[0108] Maximin designs can be generated by Gosset (Hardin and Sloane (1992)
Operating Manual for Gosset: A General Purpose Program for Constructing Experimental
Designs (2d ed.), Mathematical Science Research Center, AT&T Bell Laboratories, Murray
Hill, NJ).

25 [0109] “Coverage” and “Spread” criteria are more numerically stable approximations
to minimax and maximin criteria, respectively, that can be found [computed??] using an
exchange algorithm. The maximin, or spread criterion, tends to produce designs with a large
number of design points at the boundaries of the region or most extreme values, while the
minimax, or coverage criterion, produces designs with more points in the interior of the

30 region. A coverage design minimizes the following criterion for a choice of parameters p
[0110] and q:

Cpa (CD)={T (d, (», D))*/ Nc } '
yeD
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max mn d(x,x') =mnd(x,x') =d DX X EDXX E D[01081 Maxi m n

desi gns can be generated by Gosset (Hardin and Sl oane (1992) Operating
Manual fowo@msass A CGeneral Purpose Program for ConstructcmgiSExpasi nent al
Designs (2d ed.), Mthematical Science Research Center, AT&T Bel
Laboratories, Murray Hill, NJ). 25 [0109],," rage. and "Spread" criteria
are mor ¥heiethe fisknEg msiricds éefg}ﬁﬂraé%b(ﬁfﬁ?)izogsnxgg\{ﬁ{ H?ﬁpax and mgxi m n
criteria, respectively, that can be foundD conputed??] using an exchange
algorithm The maximn, or spread criterion, tends to produce designs with
a | ar gewharteryér amd qeldsi gn points at the boundaries of the region or nost

extrenme | ues, il e t.h ni_ni _mmax vera Cr.i i ON rod desi gns
ot ol dBor R et Beoe oo SR YRR Pl G BE BERERSS,

M n$ M zZ@sing Bgch@icl DyrBm Gilitteisigeerhily based bAitEmode] PEhAERL €l6ctidn. [Ched!l and
g: Cp,q (CD {y_ (dp (y, D)4/ NC 1/q_. yED 22 WD 03/044158 PCT/ US02/ 31167
wher e t Aot ihmsepfimiestrickuresbeompidefionally perforpyingselection, cresspver, gnd ny |/ p
XED whe <0). . er i -hididdng
dosi g, oot it pofiion SFtbbfls Al EikoddEs ANBMIEY cRRAGE Manen D, o1
i s genepapulytidiaedmpouiidsds emdeed af binatystrattuss|(Ghirérnosontsse tndcthem! gori t hns
optim ze structures by conputationally. performng sel.ection, crossover, and
mut at i o APPATLURILY &) (HEREAdYEe gdse beinelded i wcaem%%ne@ﬂap%@%a¥%%t S ur al

se ﬁ Cti g0l Sag LY@ Atied ?ﬁ W AfehRBuQonGRP? BiNGiforhSsoRlee 2186 0@SnipoliRdsars t r uct ur es

("chronoso ), an elr ~opportunity to "reproduce” and'to be included
i N succemdsedgt geimgteapdintrie pralubaternon “tHild’ comPotnds dutetadnsaccuntyti es. | n

the reproductiaon step, the chronmpsones for.t conpounds .are, c sed at a
Si ngl o BOVHTIY ShApRiaDy el HEUh e RbeRoec GRS I R SEi BAeSETr Ry
random oGP SRS, ¥hizhake tibh syrithdsiRd sRdusRAe ThE PRocesy s epeaed Jorahe t hen
decoded into conpound structures, which are then synthesized and tested.

The prooexgeneratiespeat ed for the next generation. 15 [0112] A typi cal
0EDEt1 LA | I Wi B R R @ L o popul et on o
sel ect ed st r gedpur. eitiatite »poplatbntoF chfRestomeklg. el, Rbinpdiinds. (This can be done
randomly by a computer, or selected structures can be used to “seed” the initial
populations.)
Step 2. Evaluate each chromosome in the initial populations (e.g., synthesize and test
20 each peptide in the initial population).
Step 3. Create new chromosomes by mating current chromosomes; apply mutation
and recombination as the parent chromosomes mate. (This is done by a
program performing the mutation and recombination process on the indicia of
the properties of the compounds which indicia have been fed into a computer.).
25 Step 4. Delete members of the population to make room for the new chromosomes.
(The population is held to a fixed size).
Step 5. Evaluate the new chromosomes and insert them into the population.
Step 6. The process can end at this point, with the best chromosome(s) being selected,;
alternatively, additional generations can be followed by repeating Steps 3-5.
30 [0113] In selecting a peptide library using a genetic algorithm, the chromosomes may
be individual peptides. Each amino acid may be represented as a binary string. For a 4-bit

string, there are 16 possible combinations. If, for example, only 10 of the possible amino
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popul ations.) Step 2. Evaluate each chronosone in the initial popul ations
(e.g., synthesize and test 20 each peptide in the initial population).
Step 3. GwveaBm44168v chr onpsonmes by mating current chronosoPeT/USappi1g7
mutati on and reconbi nati on as the parent chronosonmes mate. (This is done

by 2 PAOBE BIMBEL 60 bl MahASBe Bk REORICOTE L O ORERSCAR b

indicia o the prop er I es of e Co i Cl een ed
into a tOMparderQl)), sBFohafSth&posﬁmbeOmbnmﬁmsrase afsignké toapathamiaoil. t 0 nake room

f th h t hel d t f S 5.
Foal uat WlEe. new o BiabermdtERe B et fedetid iR ghoes op 6.
The pr Og@tﬁe?atf'larstﬁ{&%r@é cdnYeSmBREiEY at tl-‘Msthuft BEcRESHT s@ﬁﬂﬁﬁ@é&ﬁ?kﬁhe?@i 139

sel ecte ternatively, additional generations ¢an be f
repgati ﬂtgsuﬁ @ptsea:ehamlmﬂac[ld)mrsl}reﬁimteﬁeﬂtemh pﬂglt@np@pt i de | | br ary usi ng a

genetic al gorithm, the chr OMDSONE | dual Fach am no
aci d maif! bﬁ repreéér‘?f’@&algg asﬁ‘ﬂfﬁaf‘?@ﬁ?w% Se@? P2 3 ?3?1% A here are
16 possggﬁeeatg&nbl nations. If, for exanple, onl y 10 of the possible anmino 23

WO 03/ 044158 PCT/ US02/ 31167 acids are used, 6 of these am no acids nust be
represelitd twi celf@lygAla-lguyGlysis r@;ws(@@f@ﬂtaéaleﬁynarxetmgalﬁéloqldi9901(&81Q hat al

16 possi bl &/ R{Ebl%ﬂaa\tfél(???eg?ersgnté’t?%b@l'ﬁglfdbo?i‘()d[ﬁ)@aﬂﬁ a85hutek %%Jd el i al

popul at 'on"of €S can be generated by a random nu gener at or .

St t@ict uttem ﬂ&l‘imbﬁnd’ﬂpdlnfs edo adw thildrepcliroiobemenjsptioés would begemeratedphdxi t i es
or to 5ensure t hat each am ng acid is re ented at each position, etc.
[ 0115] Aaddgd te shepapulatign &¢,test: Q%Afl%fﬁ%wln%‘ F?-G @¥osones (peptides) are

gener at If Ay | [

1010011 0058101010 FETGTEG Ky oL ISHRITEREE flai @?ge%?@i%ﬁ% A0 1
11000 146RAQCInd Sac.cdplbtl) anddimdédok of Gaetis dlgaritiony, dtawr¢rseDavid] €ho Matl s ,
two new, chil dr C ti des woul d be generated and added to the
popul at NORtT ‘P’tﬁlﬁ Ehoqd%"vyeﬁﬂ%?vm and Ser-Al a-Leu-dy. [0117] Genetic

al gorit fypgjare deggp 't&?gorhﬁbu‘ﬁ% SandRt A &f, oa Subseti T, the SbPodids @ the firktk8R6) J.
Aner . em Soc. 118:1669, and Handbook of Genetic Al gorithnms, Law ence

Davi d, Gbirary.VBhe firotest braryRan bh @¢1g|cte¢\|envth¢<hams of gigy knoyg {l@quglredl'ﬁ@eltl%t
comous R L botles A SAEE L o BEIERERAPIRASoBRsP bl
and despi&Qfrifg hi@61i ®h-naturally occurring amino acids). Alternatively, the first library may
contain all possible pentapeptides that utilize a set of ten selected amino acids. As another
20 example, all of the compounds in the first test library may have a specific amino acid, a
chemical class of amino acid or a subunit designated in a particular position(s). For example,
the first amino acid may be set as (i) Ala or (ii) an aromatic amino acid.
[0119] One use of the present invention is the screening of a peptide library to identify
member peptides that are effective when added as culture medium components. There is no
25 a priori requirement of a peptide library that is used in this embodiment. Again, the amino
acids of the library peptides may be naturally-occurring and/or non-natural synthetic amino
acids. The library may also include D-amino acids or chemically modified or derivatized
amino acids (e.g., phosphorylated, methylated, glycosylated, etc.). Moreover, the peptide
library can be pre-defined to contain less than all of the possible naturally-occurring and/or
30 synthetic amino acids. The peptide library may also be pre-defined as to the length of all the
peptide members, e.g., same length or limited range of lengths. Alternatively, the library may
be selected so that members vary in length, e.g., tetramers, pentamers and/or hexamers.

Peptide libraries in which all of the members have the same length (e.g., 4,5,6,7, 8,9, 10,
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For exanple, the first test library may include all possible pentapeptides
(conmprising naturally occurring and/or non-naturally occurring am no

aci ds). Avoasnatisyely, the first library may contain all poogsobbae?

pent apeptides that utilize a set of ten selected am no acids. As another 20

exanpl eetcgla!re IS}fefe#%m o RBolihdnbSHe' e ﬁdél euahgééle&xd @%aﬂ%&ﬁdé’s Rpeci fic

am no aci ass of amno a subunit desighated In a
part | cu h&ngﬁoﬁngmg ibesyeen Fmouefoanmhcbabout th'&znty lresmiuemmwe pefatabippetveeset as
(i) A n aromaltn(:1 amno acid. [0119] One use of the present

i nventi GIPP‘F OWrﬁEg@‘&?‘gé‘?ﬂ 985 a peptide library to identify menber

pept i degnﬁdﬁat ar eypf ﬁfe@édedeemi}naﬂdﬁfé oA $ndrél hintHoPacdiPEbHBrE R pReplides isTher e
is no riori requirement of a peptide library that is uséd in this

enbddi mbined (zAg anyariahle) andiméied it aispeotfied laming anid(sy oradpss(edsf amigo beids.

nat ur al QCCcurri.n d/ or, _no het | aci ds i brar
oy ai 60T e R ePlo g S mIdhy Behef Tl foyBpho aided. "am o
aci ds ( alger Vahessharoflagtieslacia®(elry] abadtic ginmfooa:ydsat BikewideCa libraMpsezver, the
peptide library can be pre-defined to contain |ess than all of the

possi bl &wraean b designed ﬁmh that aha? of ths@osiinpriaay be yaniabde withdhe otlere pepti de

l'ibrary I r f §ide
merrbers H%é{%r%,f&%g%ﬁs o%eﬁﬁrdg?i?% &ﬁ%ﬁogl Eghé g}% %fn[n%h pkplteer veI y, the
li boar ykﬂ@yledgrgemloefeﬁﬁdfaﬁmré bmi/ombcﬁrs?nuhamyencn | ength, e.g., tet ramers,

pentamers and/ or hexaners. . Peptide |librari n. whi ¢h aII of t.he nbers
have t h#134ne |enabﬂ86(sé§ﬂbed in e’ st wijl apprecggte G ﬁ@ngfaﬁmn&%&w%ope

PCT/ USO %&ﬁ?&a@(d p)mﬁ:taﬁdé @5@1{1&{ 5§&sn onB wafl P&fuc@fﬂquﬂaﬂﬁ% St tht ibraPeERtd de

library I's se so t pepti des have a length rangi ng between about
f our anmaabxkawlsb\niem‘cyserthes tioheesxpenssy mdmreé@maial difhetliyedpreppbog and tsstingand

bout t L
cid podtltery it pepinyted oI RE e oy 8P Ratiea or [im e

to1 spﬁgdeggagp anmno acid(s) or class(es) of amno acids. For exanple, the
residues at positions 4 and 5 mght be fixed as a particular anino acid
(e.g., [ or Vallhe preseritageentipn proividgs amemlsod(@r @creemmg)mmnot@mhboaram ds).

Li kevvi S br ar f. 20- ned such t he
sosi 1 ofrelyh BiatiRmfary) ik e £ esh Spe SRUBRES pRtVFieb B3 riflel Zr For,

desi r ed pgptides,Nes@MharalDpossibB ERIAD asids)J MK Mrst rElnd6{ Séfb%ﬂin@&ha fieldraow edge
ease of manufacture and/or cost of synthesis etc. . [01211 Those skilled in

the art compoundeyririgrest & Hequitureanedjugrcompanenth A kteraativedy, deads pre identifisd
ac bg (s) ffibu ﬁ 1@@& o?lyl ?{hlgg)?&etsé \gﬂh gﬁccg&wetgcpe@ﬁlngé b):rférﬁf&i%@ dEJ&g})EcPfl&lems' ze of
an may | I Kew se e, an

theé |i brar ecrease th or technical
di fficulgiysjof prepassemg oritucesi bf‘ugdesirb@cd:lld])dra\l’cyvﬁy peﬁtmﬁa&d biydenti fyi ng

| eads, and conducting further follow up studies, if 15 necessatr

performance of one or more relevant assay operations. In one approach, a range ot cellular
activities is used as the basis of establishing a test requirement. Culture medium samples in
which components are varied are then tested in comparison with this activity range as an

25 index. The test requirements may be determined at any stage in the process of identifying, for
example, optimal culture medium components. The test requirement may be set a priori or,
alternatively, it may be determined after a set or plurality of different culture media each
containing a particular test compound, have been tested. Moreover, the test requirement may
change during the screening process.

30 [0124] The test requirement may represent a threshold level or index of the desired
property so that components being tested must meet or exceed this threshold (e.g., when

screening for compounds that increase antibiotic production). Alternatively, the test

requirement may represent a ceiling so that values falling below the test requirement may be
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[01221 The present invention provides a nethod for screening a conpound
library (preferably a peptide library) in which at |east one position is
nonvari abWe oon4dissrited (e.g., for peptides, |ess than al lpcpase2/biie7 am no
aci ds). The first round of screening may yield a conpound of interest

(e.g., AT ‘%E WEd %eﬁxﬂ@’f@f‘@&ﬁﬂounéé ﬂlﬁf %@fe‘é?éﬂdotd)&ﬁ Rdatton %'dﬁ'ﬁ d 20

through repetitions o e process wt essl ve Screeni ngs per d as
descr i béetmiertatiom procg$293 In Petemetieeenbodimenty thedcst oéquaedmnt maeylretat¢ tad ar

activity is determ f ormance o nore rel

oer at | gt of RBHo e tespia A BERRRT B thetrl iRt HFY B B38R) s the
basi s ofogsimld ée‘il'i}lgﬁgvtﬁcti@&ld'b@ﬁh&it fh%%%me%ﬁ%aﬁaﬂé@%%eﬁ%%b&ﬁm n which
conponents are varied are then tested in _conparison with this act|V|ty

range afactors, 25 i ellegtowlthes. peptein peagluitianie ﬁhgserﬁét;llelden&wetmlhmrmataﬂyt st age

in the process of |d ntif for L8

conpone et FrTemeheial o Bn b a5 Br ofpriaRic B W RO REA ey i

may be gedpeitiidked alink €6 g2 nBRimAimBlub@dn prydwtios). fAEérﬁﬁtive‘II)Uih’é tgse nedi a each

containing a particul ar test ctonBound have been tested. Mreover, the test
@t

requi r eFRSVHICRIE)t My take éntelapionpt Qther csitsriaiurihas fspeibidity cogotimg tOusirame t est
f the d d
requi r egpgh ?ﬁ}ﬁ%hefaffésﬂ%ﬁg ({p%rtheg ro?gt}féﬂptg dé’ ﬁﬁuesé[?ﬁtrt%%aﬁgdﬁuﬂl eiche desire

property so compon ein or éxceed this threshold
(elgy., yhes) scr eﬁnmmhérmmdnmmnﬂstequmrememm barubltatite, cathesrctﬂamt ion).

Alternatlvely, t he test re wre&e may . rer sent a ceiling t hat val ues
fal | i ngdB¥tERIvERE nague. Fergs ongs tepiing o RS%?"B%‘?LTH%’SWP &02/ 31167

the goa aﬁl%u resghge Sﬁ&r get/ﬂ&refsett ). CIHIROUGAS AL aﬁmt&%%&gﬂﬁﬁt%' n

pr oduct urin ment ati’'on processes In yet a er enbodi nent,
the tes t:omgutaiwmﬂremlysmyf quellisatize tiate,athe qaaigm\cefdamapmms am‘g@emﬁsicowmél | ul ar
activit}/d i.ﬁ theteé€ re U|re est bl'eg]| ﬁ(lg flo and a
cei | i ng'® WAPERUNBPYeHE S s E P LRGP SEORE 310 SRR Mconpet i ng 5
fagsorsy01869. . celdpefhtiont Bre\perfoRh&d t8idBtePh R 4GelaBBnship PteBerbXilédseéhd N t he
art wll appreciate that the test requirenent may represent an opti nmal

i ndex opawpetaral therfdtst:t’pst compphrdsising theheashredsepler acfivityiferreagh ehthe fiasstg. |

T TR PO B RSR bl Thas SRR BB Y ! 2k

ef f ect s ngumepidticsl ﬁ‘ﬁﬁtu‘i@delliﬂzﬁ&@ﬁ%t)e&la@bns}ﬁ@bet%élﬂﬂie@,ardrmer@mﬂTtlu:r@llmadI um
etc. 10 [01251 I n another enbodi nent, the test requirenent may be

qual i t aBEtaLy afdnteeest beehiained; aRaqre owartiGuiar higit focthe Pembe%fmﬁtaelettrt ugsde i s
t e§ i ng té Qét?r%]ﬁe %qgﬁﬂgﬁshﬁ{ .S? 19I1$ t@x%ﬂ}? tdn Coglre H’eﬁw %8 Oérl ten, , a

yes no resu e a gnlze
conput atincbusile, aralsydi s of qual i tatl ve dat e, the qualitati ve data points are

gener al | ¥ SONVeT L guiuattiLall ve Al ues -G ve LmRalS Shitutgahonse ™

compound may be used to carry out the present invention. Physical, chemical (including
biochemical), biological and/or topological parameters may be employed to determine the

25 relationship. The term “parameter” as used herein is also intended to encompass the principle
components of S. Hellberg et al., (1987) J. Med Chem. 30:1126 (e.g., zl, z2,2z3). The
parameter(s) used to describe the test compounds can change in both number and type during
the selection process. In addition, the parameter(s) can be a whole molecule parameters(s),
sequence specific parameter(s) or a combination of both.

30 [0128] Ilustrative parameters that may be employed according to the present
invention include but are not limited to molecular weight, charge, isoelectric point, total

dipole moment, isotropic surface area, electronic charge index, and hydrophobicity (e.g., as

exemplified by measurements such as logP, HPLC retention times, other known methods of
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15 [01261 Operations are perfornmed to determne a relationship between at
| east one paraneter of the first test conpounds and the neasured cell ul ar
activity woroseaahs of the first test conpounds. It is bel iperawsp2/ane?
preferred, that a mathematical relationship, preferably a mathenmatical

struct ua@teﬁﬁﬂntr{% ; y bﬁatwofftﬁé @hbmﬁae&up&tM@i%mu%h&um&%ﬁ%&@ofw the

cellular acti |nterest be obtal ned. There is ticular limt to
t he nunbwiecofe (par, peptide, smirseatid Gutleiccetds savicharidehmity ecjtionship. As a

nonlimting exanple nywher e bet ween inclusiv re used.
(01271 Mi5Tknonn paleaRBbRr o} ariers g be Briry oyriany ot i &°, o
charact @izhﬁ}%eaum O R RY sP& erHSéa,% 4 Qilledh Gt‘aﬂﬁ’és ofifpuRir @8 8PC. ITHEANT i on.
Physi cal em cal (including biochem cal), biological and/or topol ogical

par anet éh@gmlsolb@llaérvmlgiye@dttotadiéme}ernanée Pﬁémz@dﬁlélnatSYlesfhﬁ OTripse ter m

" par anet. S Lnciple
conponen Y rlgPﬁnglo Fi)d (P ngapeéltﬁlqg or(nilg qﬁgaskfgé&%&g%ﬁ% #’tlb 8‘8 E) zl,
22, z3) calélileted psihg Aeyd§1 Brb gta&ﬁﬂlngmadgsatge ISbeptt Netetaede vahiep @ﬂﬂéardzﬁm c hange
i n both nunber and type durlng the sel ectjon process In addltlon t he

par anet é]fl?{%? indgx anbisaropie P fans|aa fPrapme 2198 areyvailable.dsery 680 & R ferllantes
par amet gf (S 1995 P h%tﬁ I) R{‘\La%aﬁ&?ot[é?é&%ﬁc'éh' Lib @ 382)* Al ers

that may be enp oye ccor e present 1nvention inc are
notO |l i mir &dartatogwns muﬁeamsmgl@ste;gem loharges supplée Bcybiyt ipsiadof CN@I@LR  di pol e

e e SRy PALLAEE D 88 RS 300, i ol 1
ot her KkpaywiddaRs,1edberS et%@ WrQ%QI%&ﬂaﬁ@n?&TﬂéﬁQ&é@tﬁéﬁth@ﬁilﬁ‘é Rt

hydr ophobi city) of the whol e nolecule or individual building blocks of the
mol ecul GSI(lgaﬁybylpEpgmmmmghamaacSmptnucl ei ¢ acid, saccharide unit, etc. )

19225 Gk ! Ok SRRl Tt e BB AL

comput e'(m@dlufﬁ Bnpoh&tit)| andSh&mame'ed lﬁmbmls A déﬁtaiuelluﬁadctt@tyq‘or @Hcﬁ@k‘e can
be cal cul ated using Sybyl 5 (Tripos). "Mriguchi |ogP" %de5| gnated M ogP

or ni ogHhe tastgemponrnssads umw mnbfﬁ mepyr)d Rlaraliieot aydinea mediad Eadli segond Syby |
d
o ooPihe SRR SRS b Bhcoplt oL RPAIME B {5808 15} AERL" TnE secbl B¢ ' LR

Col | ant fural@ty ofitulturd BR8)a ate pMaitedEb BImiBS: préRdle a Lol uddriadtivionthar satisfies tar Onl c
charge 1 ndex can be prepared 10 i n an anal ogous manner using Gastei ger
char ges testifsarireenty Tepisolly,ithesesard topt C@N!B@P@‘ES vaillhegudestedomppueds althargls ot |

o LB o B HTBRRER, AESRELPL 1Syt OB Fugas oy, 1
Car ried compoundls inray be 1ﬁylbd{éd ipnhgseaomd seg of @sigvapeusts; egt, .as controls.
[0131] In particular embodiments’, the second test library is chosen to include a subset
of the total number of compounds that satisfy the test requirement. The second set of test
compounds may include all of the test compounds in the second test library or alternatively a
25 subset thereof. For example, the second test library may include all peptides having five
amino acids that are predicted to permit or stimulate a certain level (i.e., the test requirement)
of antibody production by cultured hybridoma cells when added to culture medium.
Alternatively, and preferably, the second test compounds are selected from, and more
preferably are representative of, the second test library. Even more preferably, the second test
30 compounds are selected from the second test library using a space filling design as described
above. Alternatively, the above- described process is carried out in an iterative fashion. A

second relationship between at least on parameter of the second test compounds and the

measured indicia will be determined, and a third set of test compounds from a third compound
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[ 01301 The rel ationship between the at | east one paraneter of the test
conpounds 15 (nedi um conponents) and the neasured indications of desired
cel | ul ar woto3mi41ys f or each of the test conmpounds is usedPro/nisdestisty a
second plurality of culture nedia. Each second culture nediumcontains a
second ¢ A Yy Qx%rf ality of

cul tur e%r%%?gmgérg)ﬁﬁpé%Tcatafggﬁ(tgrgﬂ%g{raﬁﬁ’ 1%9#19%‘1?%3%% ieE a cgil%@l%%as}lﬂéiﬂg%i vity that-
sat i sfi esmpouride ife streguing @roess cahynd dadrd withduteheseeednd geeesite ageqpadnets Wi | | be
unt estegbconggunds al.t hough 20 those skilled in the art will appreciate

t hat onée®t OLNERGRIB TCPURPHHESHIFLE: set of test compounds may be
i ncl udegyyhg) the segERElSRIHGheth6& d &fﬁéﬁ%}@% c&-tﬂ:supﬁ&nﬁﬂ&ﬁ'b?'kﬁowlie‘a 811l In

particular ‘enmbodi nents’, the second test library is chosen to include a
subSet obfhetchemioat dhaviorbethe pfocessgfsalecting hfvllowaun Birgryt dfecompetndsedior r enent .
The second set. of test co nds may include all aof the.test conpounds in
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out in "i’cﬂ—th% g‘{‘:%{é&gegggﬁéhid%ma be%ﬁﬁ:f?@%d.rel ationship between at | east on

paranmeter o test conpounds and the neasured indicia will be
det er m fs4] and a Ashifurtharetxamble efproceenqminmdations o fiearktalill’ od mixtoppofnd 27 WO
03/ 044158 PCT/ US02/ 31167 i.brarX is identified. As a fyrther. alternative,
if the FPMROURASIEr yseip uiaﬂ&rs&g QPUATEA SR REGHRCan0gddRtifigdnfing

prgsess cS@l&aiFGf’coH}%hﬁdé"fnwg%\iﬁlBR)v@@%qut@o&?B%fr%i@co@np%%ﬁ@@fén& g, library
or to engage 1 n further conpound screening. [0132] The systemati c net hods

descri bdemhesteiting syrerdyd. dupditononeca bympavod(s} tigee usd@f atchiture vadiug|

behavior_in th ting,a foll lib f ds. F
oxampl ocomAotety nENIRES endlipd T Senilih oA iR el 8 e BREPBH L S
pept i degnchaidtsabinh BEmpourda e feb3 TRARdriimpfofigie figxhh&ditma desired indication

of a desired cellular activity. Accordi n?I y, in a followup_library,
pept i de$01B3vi ng aThabase mediwmtnay bexsfommlatadeat any peink i the saregiing progess.

satjsfa [ dde (i.e, n at i I ] t i .15 not 10
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r epeat eghanferseitpRdp&tto a partiviilbesdlinthr peplifyde shat dlie intjrot dfta estlcosipoandon any
means known in the art, and the parameters 6 for the second set of peptides

may be ¢hat actpatydg more readily observable. In the screening process, it may be advantageous to

screen a compound in two different base media in parallel, either concurrently or sequentially:
one medium is chemically “undefined” whereas the second medium is more chemically-

25 defined culture.
[0136] The terms “chemically defined” and “chemically undefined” when referring to
culture media are used herein according to their commonly accepted meanings in the art. In
general, a “chemically defined” culture medium is one in which essentially all of the
components therein are known and are present in known concentrations. A “chemically

30 undefined” culture medium is one in which the identity and/or concentration of some medium
component is unknown and only proportional values (such as total amino nitrogen) are known
or accessible. Thus, any medium containing an undefined component is considered

“undefined.” The term “semi-defined” is typically used in the art to describe a medium that
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[0134] As a further exanple of process optimzation, a "cocktail" or

m xture of conpounds for use in fornulating and optimzing a culture
medi um cawole/oudenti fied. A 15 cocktail of conpounds may Pginasoz/aasoved
results over a single compound alone (i.e., denobnstrating synergy). In

Qditi . "
adai tl Oeomgi@gg 31?12:@%281)%5%(&)@&%1‘1&% c;dg@gﬂ 5. 2y Gl &Magts%q' g nﬁ%;’s{élg.gﬂtﬁfgt as

been identl um's base ation may be re

i ncl udeesampiesofonpfingidconipoaembyorhmontyeddedor anturegneédia. fi nal nmedi um [ 0135]
The base nedi um be reformul ated at any point in the screenin r ocess.
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activity so'that the I a test corrpoundlon that activity is nore

r eadli | y(ichgerveaidisebcloming the popnletion)nd op exanegls, when mexing euladedenlsdrosug t o
screen a_conpound in two different bas dia.in parallel, ei.ther ..

concur r 8P SFR%rSﬁ‘EF Wﬁ?rft?mn.gc?ﬁ%te q@‘%ﬂﬁ?a.%eséﬂ&??oé%?faémdtm PR er eas
the secedlecte®pipiided sre FBSENROEr @R pristeRbhyiiRdlystes] chatides by dcBdr3fkheThe terns
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nedi a afelturedeelhrapaiationclt sragibsgesioabih®r thecyltrisdiopllntoderinetheir@btitntps in t he

art. In eneral , a " n i " | [ﬁ\ﬁgl S I i ch
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known Qfagﬁﬁ§ and g@lkxﬁ% nglﬁM%ﬂn@d%d@efihH&T}nfégfe&; ?'ﬁiﬁcﬁgﬁbﬁ% W@Qﬁifﬂ&?ﬂlgé@&ﬂ‘?ﬁ'ﬁ nt is

consi dere und e term“sem IS typlca in the
art to delsmce pefanmmmck inrbotthype2@ n€did3/ 044158 PCT/ US02/ 31167 contains a

smal | proportion undefi ned conponents. Yeast, extracgts and.fetal calf
serum af®38lexanpl g'guﬁﬂm ﬁ?ﬁj@?‘i’%g}g{oﬁg{?ﬁ@h‘f@gﬁ%ﬁﬂFVe cfﬂre‘és ‘%Becfslﬂnt ure
meds a.  LOh34]acRVity P Rt RNQGRASHRN hEfighMuhatdhBgidal§ deRAldRdiluh, SBYOtRE

advant ageous to ‘avoid producing significant changes in the cell popul ation
in resp@nyerdlel)t he new nedium 5 (i.e., to avoid subcloning the

popul ation). For | e, when Vi cul tured.cells..froma, compl.ex culture
medi um i"dﬂ%ai ni ng%’éﬁ%?%fﬁﬁ%@&%@gaﬂl@s%%sﬁ%e {Gre fRedi I RRET TR, whi ch
sel ect edcre@Pér HEW cRISois b Bivhttive apfab wHehRr i Dh&) dink)sibedl s aDeultaRanges may
occur in the <cultured cell population. It nay be desirable for the

cul ture@ordBli9ns to retain their ability to growin the conplex nmedium (with

or 2(\5\'i t hgdd&g})g\e/ead% eﬁ%%l(lfﬁ%gy n&’cén%%t}dne%hgr ‘Qﬁ{?_ﬁ%’ﬁir%%go gﬁé&ﬁ% wih B 0C€esS

descri b enabl' et estigator to nal aracteristics of
cel | s cwldavtivchdenit 4dded toethe iadivid Byl “oRting'Mhe lcolloatdédst orce thyouplatiRin oatrent

exam natgiro%vnth?rfled(i:u% Iand the base medium that will be used for the screening process. Typically,

the current growth medium is an undefined or semi-defined medium, while the base medium
for screening is chemically defined. This conditioning/adaptation process will increase the

25 likelihood that cells will grow in both (the current medium which will become their former
medium and the new base medium). Conditioning/adapting a cell line can enhance the
reproducibility of results in growth assays and thereby increase assay resolution. In addition,
as noted above, when the cells can grow in both a chemically defined and an undefined
medium, it may be easier to identify desirable medium components.

30 [0141] As a further optional step, the cells may undergo one or two rounds of
incubation in base medium alone that lacks the test compound(s)) prior to being exposed to

the test compound(s). Subjecting the cells to such conditions has a two-fold effect. First, it

prevents carry-over of undefined medium components from the previous culture medium to
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viability and growth in undefined and defined nmedia, it is possible to
identify conpounds that enhance performance in both types of nedia. [0138]
Thus, in woe3emisgli nent, a bioactive agent is screened fordrisozsfiert s on
15 cellular activity in a chemcally undefi ned medium , in a chemcally
e | ety Taiin, Bty oCbANRARRNb o (4R oftht RELerfn LRI A gnlef | Ned
or undefined culture nedi Used treen or gr w cel I's on
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nmedi umrefiect the effects of the test conpounds added, not thé basal
medi um preferably 15%[(0/v4 &) abbae30%uiv), stibl imare pmferalslwngomtlﬁé/o ()Y/e)s@rﬂbohfel(}%ds (and

t hose descrisbed in pnec ril dto af defined
culture SﬁmceTﬂf%:f‘h‘élP“a& ?’Ie éﬂ ﬁeﬂg‘? %%@@ioﬂ#f%ﬁme%oaﬂ g%%&ered
and opt h8isg e&tul) heMaR sdrh® (BreBS Ay oF 61008 RyPROARY AfRES likérBY | ncl ude vari ous
undef i ned corrponents for exanple serum protein hydroylsate, etc. [0143]

The i nvéi#dlve scr é@mmgomtamwsndégmm logher Hadedingd penieinicampenarshalaremy be
arr| & 1{1%6 us 19191 1%01%8@ Eyc{rgf}i/ &t &e%v' Qrgzyﬁl%tlg apg%gt]sj]&Qh RE %ﬂoﬂe,%?&gé)s@-e nts.

AI 12 rnattve
peptone and the like, extracts (e.g., yeast extract) and infusions (e.g., organ or tissue infusions,

U

such as brain-heart infusions), as those terms are understood in the art. The source of the
undefined protein may be yeast, slaughterhouse offal, milk or other proteins (e.g., gelatin), or
animal tissues or organs.

25 [0145] As herein defined, an “inducing agent” or “induction agent” is a substances
which acts to promote a desired cellular activity such as growth or differentiation. A potential
or known inducing agent may be further characterized herein as a “bioactive” agent. The
bioactive surfaces and medium components described herein, as well as the materials
comprising the 3D scaffolds or the very architecture of the 3D culture itself, or any

30 combination thereof, may act as inducing agents on cultured cells. Thus, an inducing agent
may be provided in the form of a surface or region of a cell culture material or vessels such
that cell growth and/or differentiation may be promoted by the surface properties of the

growth or contact surface which have been introduced to a support surface in the form of a
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base medi um may contain an undefined protein conponent(s) as long as the
effects of a test conpound are not confounded by the presence of the
undef i nedwprosteiins conponent. I n one enbodi ment, the basepogdiSozsused in

t he screening process contains serumpreferably |l ess than about 30% (v/v),
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uni f or ntapagity farrextended salfwenéwali $ipoetdafierenfiation, I@S%s)b@,onnwgl,de iyeaety f eells) of
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di f f er etnclugiegihwear, smbrypsy (Sgedoveranmple Themsan egrloProe Netl deng. Sci. USA 92
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[0148] In normal embryonic development, totipotent cells proliferate and segregate
into different lineages (lineage-commitment), forming the primary germ layers: ectoderm,

25 mesoderm, and endoderm. Fufther progression of cells of these germ layers through
progressive lineage-commitment into progenitor lineages further defines the differentiation
pathways of the cells and their ultimate function.

[0149] While a majority of the cells in an organism are the result of cellular
progression through the sequence of development and differentiation, a few cells appear to

30 leave this pathway to become reserve stem cells that contribute to ongoing maintenance of a
stem cell pool that can aid in “repair” of an organism as needed. Such cells are referred to
here as adult stem cells (ASCs). ASCs include cells known as progenitor stem cells as well as

pluripotent stem cells. “Progenitor stem cells” are those cell that are committed to a particular
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10 postenbryonic tissues and organs. [01471 "Enbryonic stemcells" (also
referred to as ES cells or ESCs) are a type of wuncommtted, totipotent
stem cel Iwoisohated from enbryonic tissue. Wien injected ParawsSopsisyo0s,
ESCs can give rise to all somatic |lineages as well as functional garret es.

In the ; {
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extended self-renewal . Upon.differen 'a I on SCs becone a.w de variety of
ol It FERREtive o [, g b e el PP oA hRR RSO OGRS ECo. have
been i sghabaenid 8AkINCnelRbRS hfapahaéytw Bfidemedl Icem@(léétoeénﬁau eALiEdPnAges céd dges

of nouse, rabbit, rat, pig, sheep,” prinmate, udi ng human, enbryos. (See
for5ex arqmam qUiksoenbandatonadplicatings In mmtrast Alncw-cmlttewsm@mt@@eﬁssm- 7848

I(3r1225) ggﬁo S @ﬁ‘?pel§8 19n5%§ ggga é+?5 11%?5’%%3%8 W%&%&%ﬁc :ﬁ ealher ein

I ncor porahiFektditsels ef erence.) [01481 I n nornal enbryoni c devel opnent,
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cejs” adspediiveSBik Blylerst B!, t1Rf6id FEHHB MR oh@m? 1Radcld, BUﬁ@{me%@déP@ap&ﬁ 4158
PCT/ US02/ 31167~ |'i néage(regardl ess of the In duci n%§age t hat may be added

to t he nedbusmelanmgpics, reatcbpnalmglls atodermal egaim)t 68 tcemmam quigsagat aidse t o
pr ogeny I|mte neage h|nt eir | ayers,
6! 02" popPbliBtpgy e fatrer RRR bR s B Ak SE T e e

ori gi n. yeneW@Ub R May HEE ANREIVE Fe-sF KEF6R@Rro G @inhied Gendscehes Fahifedts del) . ASCs
can 5 remain qui escent and nonreplicating. In _contrast, |ineage-commtted

progeni {@fllcel | s Rregendenien éeléﬁrcagépffurﬂeﬂmaéaﬁwb?ﬁ WUkipRiEHE OHEPRAWILEH | i f e
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mefority o e celTs 1n an organi e resul
lineage. “Unipotent progenitor cells” form cells of a single type. “Oligopotent stem cells”

form cells of more than one type, but not all possible types, within a lineage.
[0152] To illustrate, , the mature central nervous system (CNS) comprises three
primary cell types: neurons, astroglia and oligodendroglia. Unipotent neural progenitor cells
25 (NPCs) give rise solely (and invariably) to a single type of neuron or to astroglial cells or to
oligodendroglial cells. Oligopotent NPCs can give rise to (a) neurons of a number of
different neuronal phenotypes (e.g., sensory or motor neurons) but not to astroglia or (b) one
type of neuron and one type of glial cell or (c) astroglia and oligodendroglia but not neurons.
In contrast, a “multipotent” NPC generates progeny cells of all three CNS lineages.
30 [0153] “Pluripotent stem cells” are stem cells capable of giving rise to most tissues of
an organism (derived from more than one embryonic germ layer). Pluripotent stem cells are
not committed to any particular tissue lineage (“lineage-uncommitted). They can give rise to

cells of
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progression through the sequence of devel opnent and differentiation, a few
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to cells of 32 WD 03/044158 PCT/ US02/ 31167 (a) endodernmal origin
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stem cells assume the characteristics of lineage-specific progenitor cells.
[0155] Non-limiting examples of progenitor cells include the unipotent myosatellite
myoblasts of muscle; the unipotent adipoblast cells of adipose tissue, the unipotent
25 chondrogenic cells and osteogenic cells of the perichondrium and periosteum, respectively.
Oligopotent stem cells include the oligopotent adipofibroblasts of adipose tissue and the
oligopotent adipofibroblasts of adipose tissue. A preferred type of pluripotent stem cells are
the hematopoietic stem cells of bone marrow which are also found in peripheral blood an
umbilical cord blood. Other pluripotent cells are pluripotent mesenchymal stem cells for the
30 connective tissues.
[0156] The present invention may employ any type of stem cell or cell population

derived therefrom, including a clonal population. The stem cells may be derived from any

33



el astic cartilage fibrocartilage, articular cartilage, growh plate
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st g4n cellq/8f prbld, i g}@&&h@é bPkh clEGFitA ?i‘él_dt(la%f,‘ifdu@t@if cdubdr} BidMmesdena|
popul atiron. The stemcells nmay be derived fromany 33 WO 03/ 044158

PCT/ USOgrodlidtton afiogehonsiioxité oxggennmnsmhption, ot atenesin¢ giphpsphaied AdiP) ed,

i ncluding stemcgells humans and ., non- n . prj.mte L\ a dent s,
qu nesProdifias Sedie SGeRER BhaetPa{edr o FEERE IOk ERT BelfrdRuh By ig o
acti Vit ys&LP0r BStafs Testednatsd. N0 any suitable means known in the art.
Cellular activity is assessed when screening for a suitable bioactive 5

agent afMd5¥ur f ace Differentasion masdhaasseserdionespressionngalypis fe-g-e SHENY t he
sypergistic effects of biogactive_agen Iy ' : In sone
o af nemrrEssto gRtm oSt A LS SRRl B At AeR R BL U SRR MG Sor, 1

t he deviFgeeiinpldlgo Haénint dmether &patialthybibactiveagites alone or in conjunction with

one or more specific media components and/or 3D scaffolds induces cell differentiation, one

may analyze expression of nucleic acids corresponding to certain genes. Methods for such
analysis are well known in the art and include amplification methods (e.g., polymerase chain

25 reaction (PCR) , strand displacement amplification, efc.) and hybridization of probe sequences
such as in Northern analysis (see Sambrook et al.). Northern blots examine the expression of
known (or unknown) genes. Altematively, it is possible to generate cDNA libraries or to
observe differential displays of genes that are expressed in stem cells or in cells derived from
stem cells, before and after exposure to a test bioactive agent and medium components in

30 conjunction with 3D scaffolds of the present invention. For example, Northern analysis was
used to assess the presence of mRNA transcripts of myogenin and MyoD1 genes expression
as a measure of the induction of myogenesis in a pluripotent stem cell clone. (See for

example, WO01/2167, herein incorporated by reference.)
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of 3D scaffolds. [0158] An inportant cellular activity that is screened for
in the present invention is 10 that of cell growh or proliferation.
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K
un “OV‘“)Fa%edﬂg eﬁ'v&c?fh@fétﬁloéfé%ll bae' )};'5 %a? %ﬁ@sﬂnﬁeﬁt%nQﬁ%{h%?mﬁﬁ%nhbﬁﬁar' es or

to observe er ent1 al at are expressed 1n stemcells
or in cektimotbeyiSeedof exammpls tiarlovg B. 8 albletis) dnibudliatd nbexpog Maputlo a test
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expression neasure of the’induction of myogenesis in a pluri potent
stem celﬂefea:d;rmne (See for exanple, V\DOl/2167 herein incorporated by

referenc 34 WO 3/ 0441 8 PCT/ U 0 6 01601 i onal | assessnent
Rl N e T e O
char act egxpsdskifig @h e@tcgﬁldfuﬁtaﬂestmgr&tde&@te@rbyw detcty 1aBtle@ pn&ia@gﬁmbb&y used to
assess differentiation. As used herein, an "antibody" is any i nmunogl obulin

( | g) ol agenskthatoapitonmorpTefogabhy. Biyra undpbeled ;pnmpaemmh@dv a89 adetgefablylabelrdr eof .
0 DL ERAERATPE REHFLBEAL o SR Wt MG TEAL Gl B s (1
detectably labeled antibody bound to the cell(s) is measured using any appropriate method
that is specific for the particular type of label. This presence of bound antibody is indicative
of differentiation having occurred. Use of a method that permits measurement of a bound
antibody is also termed herein “visualization of the antibody”.
25 [0164] Antibody labels most commonly employed are radionuclides, enzymes,
fluorescers which fluoresce when exposed to ultraviolet light, luminescers, and the like.
Numerous suitable fluorescent agents useful as labels are known, including fluorescein,
rhodamine, auramine, Texas Red, AMCA blue and Lucifer Yellow. Methods of conjugating
these labels to proteins are routine. Preferred radionuclides are selected from the group
30 consisting of ’H, 14C, 32p 33 36CL °'Cr, 57CO, 59Fe, 1251 and V'L
[0165] A particular detecting material is anti-rabbit antibody prepared in goats and

conjugated with fluorescein through an isothiocyanate.
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[0161] The present method conprises exam ning a cell sanple using an

i mmunoassay that enploys a detectably | abel ed anti body sufficient to
recogni zeweard/iobiingl to a stemcell , differentiated progemgTaso?/s116T stem
cells, or tissues that conprise such stemcells or progeny. 10 [0162]
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fluori iques. The enzyme is conjugated to an antibody or a
parti cﬁ@ﬁf%gglﬁ?on with bridging nolecules such as carbodiim des,
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cells with intracellular fibers as an indicator of the neuronal phenotype; the presence of small

rounded multinucleated or binucleated cells with a central nucleus and perinuclear vesicles as
indicators of liver cells; the presence of multinucleated linear and branched structures indicate
skeletal muscle; alkaline phosphatase activity may indicate bone differentiation. Calcium

25 precipitation using silver nitrate may also be used to identify bone differentiation.
[0169] Once the preferred medium components and bioactive surfaces have been
identified using the foregoing devices and methods, they may be applied to the fabrication of
3D scaffolds. Thus, scaffolds are made that have the preferred bioactive surface and their use
in the methods of the invention enable the induction of the desired cellular activities in

30 culture. In one embodiment, these 3D scaffolds are arrayed on a low affinity support surface
to prevent the adherence of cells to the support surface in regions between the 3D scaffolds.

This maximizes cell adherence to the scaffolds themselves, as is desired.
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[01671 Cells in culture can be treated wth an antibody to a
differentiation marker to determne if cell differentiation has occurred.
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activities in 30 culture. In one enbodinent, these 3D scaffolds are arrayed
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medi um tdshiveryangesraleed ind]. dcPagnihieli #A01.dGdpadanastitionedmicepelegtsonic gt | t he
3DAgcaf ol | : I i 1 Qr . . I I ed in
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polystyrene microplates, standard polystyrene microscope slides and BDT polystyrene
microslides are desirable support surfaces to use in the present invention.

25 [0173] An incubator may additionally be connected to a micro fluid handler which
enables the support surfaces to be coated with low affinity and bioactive agents, cells
introduced, and the cells imaged using an imager instrument to observe growth and
differentiation.

[0174] Numerous methods are known for imaging fluorescent cells with a microscope

30 and extracting information about the spatial distribution and temporal changes occurring in
these cells. Many such methods and their applications are described in Taylor et al., Amer.
Scientist 80:322-335, 1992. These methods have been designed and optimized for the

preparation of small numbers of specimens for high spatial and temporal resolution imaging
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by inline nonitoring and the adjustnment of pH, oxygen, glucose and

mechani cal pressure wthin the bioreactor. A bioreactor conprising the 3D
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03/ 0441 opCHtseBoIB) rteint dtei} Br-afene e tate Bimtery® sl ielin

bi ochemigéateatsawivitio lasasced dihdveaté (RIDARSTIRNYystefraiizes vimdt g oligSe ciltirbe

cells. [0175] The ARRAYSCANTM (Cel |l om cs Inc. , US. Patent 5,989, 835),

i's an opRlate fermaks; pariviedy Ofravedmicrankgies. Hehegvsiem; qoasists ef ae ARifluereRtsRee or
o0 ALY, LSSl RS S Rl ool for
microcomputer with a PC Vision digitizer. TurboPascal™ software controls the stage and
scans the plate, acquiring multiple images per well. The software calculates total quantity of
fluorescence per well, provides for daily calibration, and configures for a variety of tissue
culture plate formats. Thresholding of digital images and the use of vital fluorescent reagents
25 (that fluoresce only in living cells) are used to reduce background fluorescence without
removing excess fluorescent reagent.
[0177] This invention also provides a novel method and approach for drug target
identification and validation. The method is rapid and efficient, enabling the testing of
multiple factors of different classes to identify drug targets and ultimately drugs that are
30 specific for the identified targets. Factors that can be used as “probes” in the present method
include soluble factors such as proteins (e.g.,, various growth and survival factors, cytokines,

morphogenetic proteins, death ligands), small molecules (e.g., peptides, steroids, other natural

or synthetic organic chemicals); ions of inorganic salts (Ca™", Zn™). Another class of factors
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effects on specific cellular activity. In using the ARRAYSCANTM System the
user provides <cells containing |lum nescent reporter nolecules in an array
of | ocatiwoplsamdsscans nunerous cells in each |ocation, ecmasotsng’the
optical information into digital data and utilizing the digital data to
determ : [ Lhut i on: ' I LM : L] ntly

| abel edqﬁ%}tlir@'beglrc ?%‘%ﬁlﬁ%l dgggﬁt}égr@;ﬁrg h?wétygﬁgsw }ﬁ%&éﬁé{@zﬁ%ﬁk %%Z@n%q?ncl udes
t he appdbath bscaapslof the Maytieyi are thund il ogafiiaed tissnee sBxangplesh FHEM \pirotgina hdve

storing the data. This system prqvides hi content cell-based screening,
as wel | been é@ﬁ?ﬁs%_ﬁp?ﬁeQﬁgff}?f‘@ﬁd?@ﬁﬁ“?eédﬂc%ﬁ‘gﬂ)Eﬁﬁ?léﬁf“c ESVITESEY screeni ng
usi ng ??ﬁtﬁ'orlléégiﬁ,geﬁac@.fngﬂlaﬁﬁrﬁn,fc%llE@ern; gz?'ﬁk&e@gl?&g?@@) /R 28 HeJaRIR dHitebe used

according to present Invention to detec ferentiation. 15 [0176] An
i mader guetkoglycans SHSBE3 cgicteeeh, ldpcaping biiglycangB) glycoga@jnagiptany (GAG) s¢ch-4813,

1996) e used,i ne enbqdi t he .i nv i This is

sent . audbabretc S (AL ReRTRNR STt ConT YRl diePata ity (i) and

rel ati velcRHaRRESIftO(98f U of cells pretreated with fluorescein diacetate
(FDA). The systemutilizes a variety of tissue culture plate formats,

parti cull8¥Bly 96- weélle pressnoprthpd san brhesed,yfor exanaple yithithe genegal dispp¥ervior escence
20 i nver 1 Cr QSC w th ori vi de iage

i nt ensi fr%legtﬁoégn& S%nsoeﬁlﬁl%%%%)n%g nre{ltr?ﬁevblglt‘aflh(%‘%1 %lk.fﬁ%%gllltoélﬁl(a |%§%|{E‘z%g?tem Uf boPascal T™M
sofipwar gug@ivhadffectshef nabn2gs @oahbinatiemssofteheirphradtal ‘“Ggers’t inoliding drowite | mages
per well., The_software cal cul ates total quanti ty of _ fluorescence per well,
pr ovi dedastess, BGM molegpieandipspiidesfar exwnle fiomspeptide libsages balarg testedas e
culture B {.ng- ol ' ital
{1 tor e angtfuealiRlves, Tl o Bt de ReirpmiakRREnaiil dfhet RPLof ! | 0
reduce hm&kowofimdtibh ioscesnanpcor tardefout renovi ng excess fl uorescent
reagent. [01771 Thi.s invention als rovi des a, novel t hod and rpach
for dr udth%Jr get ihlh@ﬁﬁﬁgﬁ Ssgoveny Taetbodan beaipwet ST LRIEE 1S B?'ea%ﬁgw%d

ef fisci engepsenabling the testing of nmultiple factors of different classes
to identi?‘py drug targets and ultimately drugs that are 30 specific for the
identified tdlpet DbtEachepsirwisatfashiom, bmmonseldezs, tippyivels, generalhefrpmesent

nmet hod include sol.ubl e factors such as.protgins (e.g.,, .various, growh and
survival factors. dpiaE o TuPERD iR B pii fe e By edle ™ Sal)
nol ecul es (e.g., ReRid;des, steroids, other natural or synthetic organic
chenmicals); ions of 1norganic salts (Ca++, Zn++). Another class of factors
38 WD 03/044 P Exh?t?p' I .ar ioMi ECM
nol ecul es whlj(gﬁ ogtq gﬁ%ﬁﬁﬁﬁl\%ﬁo I %ﬂh#ﬁg&ﬁaﬁfgﬁbgg}l&ﬁ%gfé{ghgng?% t he
way0t hey are foundhatrompgana pludhlity sfdiffsrenEfeatns sdectdd E@uspblotdaigtardeave

been di scussed above..and j ncl ude | ecul es incl.ude (1 roteins such as
vitronectin, fi bﬁ&ﬂ@?@%{o @éﬂggﬁ?ﬁ%ﬁlopég’gﬁaﬁﬁ' 1Bgtfe| é&éﬁ’? (2) proteogl ycans
(PG such as heparegpersbitaliMalytic data) reflecting selected cellular activity or function, for

example, cell growth, differentiation, the concentration of one or more proteins
or other biomolecules, activity of a protein (e.g., enzymatic activity), etc. The
25 environment can be presented to the cells in various formats disclosed herein

including 3D scaffolds and microarray formats.

(3)  Analyze the data obtained above using a suitably sophisticated statistical
technique (such as those described herein to identify a set or class of factors
which have differential effects on a cellular activity of abnormal cells as

30 compared to paired normal cells.

(4)  Identify as targets one or more biochemical pathways, e.g., a metabolic or a
signal transduction pathway, affected by this set or class of factors identified

above; and optionally
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5 proteoglycans (HSPG, aggrecan, decorin, biglycan, (3) glycosam noglycans
(GAG such as hyaluronic acid (HA), chondroitin sulfate (CS), keratan

sul f at e (WB)3/ohapar an sul fate (HS) and dernmatan sul fate @ED$)uS0y/BUE8] The
present nethod can be used, for exanple with the general discovery nethods
descri bed hergin t KA emthe
10 functional(géaffec 1%%%%9 ert%)@segttlzordrgﬁﬁg%' F}bgfhg Lenw?%&m%‘%ftlsgi&# é{ﬁ ors"

i ncl udi ng grow h thacicaris or &CMenplested pethwagnd pepti des, for exanpl e from
peptide libraries that are tested as cell culture additives. The nethods

permt tigouse of THeQPp&IST collulgenesitios tHat iay e mdsn@ed idihis systsmans function
in screening for targets. [0179] The target discovery nethod can be viewed

as bei ngparoarlyagludet bhtarendtdmnitsditaerowth andégs diffqrentiation 26 cells imselivre. i n a
P ?IS ;\S’Ies Eﬁ{aﬁﬁﬁés oi}’res?gﬁ'é)esgpel stﬁrﬁllg otrrlgrglﬂ‘fré ioff gk };ezl %rgﬁgelﬂt?ql | % 0ﬁ1r1 Q[B'qrg{tﬁ?i&? ed

origin; aatzﬂedlq‘;xmaoﬁef b@r@xfontohieselmlmrb&mwhhdm r&swltyﬁémrmhmgks baﬁh}mg]atcul ture
environnents _that conprise a plural I%‘B%{ &hfferent factors sel e%t ed as
possi bl ényierglinglyding (DArmasdiption. @t a&m pestrisansigHona) #FRsesNg Dn t he
or funct SRelPBFOAE °ﬁ”¢2¥*ﬁ&eﬁﬂé¢%s£eﬁ“39¥ b e el &t r 2t o
of one oynthesis prosang snd/arscotelien obcbthemiwqub@macemlsmolbgulmand npetatioditas

e.qd., z tic activi etc, .The i ron n. be. ented to the
ot i R PR of Gomepunthinet insligd b etbi g Csrycidbans St g

M Cr oar oo the? t{FH oF: res(p%hs@“i@@lrﬁé&‘er%hﬁw%bﬁsrﬂ%? é)kdgﬁﬁ‘o&t}ﬁal%ctﬁéé d6h @s SUI tabl y
sophi sticated Sstatistical technique (such as those described herein to

i dent i f yantibiotics ard xgngbivtiof. fact ors whi ch have d| fferential effects on a
cel lul ar tivit f. _abn Q. pal,r nor cells.

(4) Ider{?lliﬁy as %’&I’fratg{rg C}HQP%IPY ﬁ%?cz cﬁ‘? %Iﬁgé?ﬁ% F%\Eﬁgé:gﬁgargacpagy nmet abol i ¢
or a siigdlade $urfaos dhitdendnoxias, Ainadodidf heraionds tgyowthlfsctéﬁt cyRékifidsasmitiig factors

identified above; and optionally
15 factors, enzymes and the like.

[0182] In one embodiment, the cell proliferation is the measured function. Cell
proliferation can be assessed by any method known in the art, for example, by (1) staining and
visual observation using (microscopy, (1) turbidity measurements, (2) spectrophotometric
measurements (including colorimetry and measurement of absorbance of light at a selected

20 wave length), counting with an automatic cell counter and/or automated plate counter,
measurement of total cellular DNA and/or protein, impedance of an electrical field,
bioluminescence, CO,, oxygen, or ATP production or consumption and the like, or using an
oxygen biosensor (Becton Dickinson, Bedford, MA).
[0183] Antibodies may also be used to assess differentiation. The term “antibody” is

25 intended to include any immunoglobulin, and in some cases may refer to antibodies and
fragments that bind a specific epitope. The term encompasses polyclonal, monoclonal, and
chimeric antibodies, as will be familiar to those of skill in the art. Methods for producing
polyclonal and monoclonal antibodies are familiar to those of skill in the art. Labels
commonly employed for visualization of an antigen-antibody complex are radioactive

30 elements, enzymes, chemicals that fluoresce when exposed to ultraviolet light, and others. A
number of fluorescent materials suitable for use as labels are known, including fluorescein,
rhodamine, auramine, Texas Red, AMCA blue and Lucifer Yellow. In one specific

embodiment, anti-rabbit antibody prepared in goats and conjugated with fluorescein through
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39 WD 03/044158 PCT/ US02/ 31167 (5) Validate the targets identified above
by testing a known antagoni st or agonist that acts in or on the sel ected
pat hway. WO180¥41Fhe types of cellular activities that my Pog/usezsused in
this systematic approach include, but are not limted to, growh and/or

di ffer enz{d 1@5thﬁ>@?'£{ateglg luL Igftlt%l f F%P/Oaﬁ’so%éqmmﬁﬂ chﬂ(ﬁ%B ?l?m@ﬁt@ such as

stimul ation or i feration or erentiation,
al tered for extule, OH, 8'C, ?@c?éé]ilsfmr 6’[Coa59€e,lli‘5mbmi‘3ﬂi|; antliddteotbd bylstamlmlt from
changes occurrin any level, including (1) transcription, (2)

transl at‘i°6‘ﬁtm¥‘3‘)3§‘66%t transl ati onal processing, (4) intracellular

transporgg 4&3)5) eXtﬁlﬁgﬁ'JleL WhH as %ﬁ&és&?ﬁ ?éaroﬁﬂdﬁ&oﬁferasé) d ik lliélrgf)ﬁoéﬁﬁatase

protelns synt pro 53|ng secrétion o

non-5pr otraaynalse beligsednd detnbtechffenedumaigdhbdlmg afid détectinrcval selsrinietriconmpounds
that include, carbohydra nucl ei CI ds and steroids. Another
type of spggtwbg@n}eén M%PSPSF ?@P&P&%‘H‘%me %xogenous mol ecul es such as

ant i bi otjpfg; and xenabi Q;één% is &P&@llbnlahﬁm%ﬂc%xﬁﬁysgég MYy ANEHRY as a

measur e of a preferred cellular activity include sur ace anti gens, toxins,
ant i bodi @wractesistiasrog Sunagioosthat fea@lt 6om, (orxesakimagliseabendtate wga disbrdeactnyr s,

ohETee e iSett 5 S BBERL oL o PR Bt DB Bt BB

known i NwhiG. tied are bBaifk are{bYe drlpaivéd fdirmal @M, ca}ilb‘éliﬁéd RRREpNadrt ON
using (mecr oscopy, (1) turbidity neasurenents, (2) spectrophotonetric

measur erfaefhed s(| ncI uding colorinmetry and neasurenent of absorbance of I|ight

at a sel d ' nt t unt er
onar o diEet a o IERSE e speORE kA b8 R AR il fanA" 0
prot ei n,addregsudvyaie pleset igveRdibh bedh) fduedlegicalle.gl, WizlaBeendiccasé; Parkinsonaen,
or ATP production or consurrptl on and the |ike, or usi ng.an

bi osens dHseagk aNYAreRIK Jatgalscleprsig, artthtlplweromllé@}tmgmq pHdigease (hif;le%%b@]éﬁ be
uselq to cﬂ§e§?e§san9'd st)fa;) g%hﬁhln%rhéab-&ég n‘ie?ﬁt[& 1@?& étglql Xdls Fses gl?()hl as

i ncl'ude any 1 nmunog I'n sone cases nm Fer to antl o es and
f r agmentdisdakeanddiabey’ s dspesei(¢) lengi dnd pealighire tmraoxmoe‘ lanp typasselndinglsyiecbmas| |,

nonocl onal ,, and chi nmeri nt i, bodi as w be famliar_to those of Skl||
in the &AfCNQBIHESLENPEAS, g?@ﬁa%%s Qm@ewamcrm%aa ARt oRae Presel Belode ar e
fam | i armiopd Q8¢ Haldd blugithrebBFordblid nkARS kch £ABRAUR BB eped for

vi sual i zatlm on of an anti gen-anti body conplex are radi oactive 30 el enents,
enzynes, camnmm&sm@rlahaanq‘er Ueast cance proseleqmsed, liog ¢hnceawndkidoey fugiots  and
ot Lgeg{aescent nma |aI s suitable for. as |l abel s are

. A
onaln S isich GRS Ceflh carcinoma g5 A Vol Aeimdumessineluding BliaRER b ue
and Lucids@bcyl&thhsaid b|eﬁ1 gANAd $REGhAtneningiomas, erc.,

[0187] In practicing the invention, a population of abnormal cells of interest are
isolated (for example, from a solid tumor) along with comparable normal cells (for example,
from normal surrounding tissue in the same subject, or comparable normal tissue from a
25 different individual. These “paired” normal and abnormal cells are then cultured for a period
to obtain separate more highly enriched or purified populations of “primary cells” that
maintain the cell lineage and characteristics of the original abnormal and normal cells
[0188] These two populations of cells thus obtained are then exposed to a plurality of
different factors in the formats described herein and at least one cellular response or activity is
30 measured (e.g., cell proliferation), with the object of identifying a drug or chemical agent that
shows differential effects on the normal and abnormal cell populations. This may be, for
example, an agent that inhibits cell proliferation in the abnormal cells and either stimulates, or

has no effect on proliferation in the normal cells, or an agent that induces differentiation in the
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enbodi ment, anti-rabbit antibody prepared in goats and conjugated with
fluorescein through 40 WO 03/044158 PCT/ US02/ 31167 an isothi ocyanate is
used. Antwbadiedssray al so be | abel ed with radi oactive el eremtiso2/3u6h as,
for example, 3H, 14C 35S, 36Cl, 51Cr, 57Co, 59Fe, 1251 and 131l, and

det ect Edaﬂﬁxngél%@ﬁsaﬁlﬂ ha§ Q4 BEAS Qﬁ‘cf PR cd1R 1 e e BTorS Y& agé%@?sf oxi dase,
(3-glucuroni dase, urease and alnka I ne p%osphat ase 5 may als e used to
det ect didedtefedns bimthamicblypatlabasl orrrgeeptunt affected by the duiig br clminucal mgenticen be
spectrophotonetric and fl uorospectrophqt ongtric,methods. .[ 0185 cell or
cor s+ S0H R uegemiNe 145 oh 50 o He SR O YE SR oLy agens (0 b2

char act egisd hé:ﬁotﬁ{tiai Hﬂé}hiagélﬁichlﬁatrhé 8RehdmiCAIPRHUWy drasdtptor'ths ifefifRE3SE
state or a disorder. Any abnormal cells froma disease or disorder that
can She iovalidetdd anfirtheeisstirarbyf ompaning theecttasts dfdnowo agpiists or heagomnagteof

obtai nable c arable or "paired" normal .cells n. be used i.n the present
et hodo. E BABRE aprreopRen B R FonlRutR o Bk ar 8T i Eikletd o s or der
t hat cansye®maflelHrESsRGnA Yapid endpicdisBidehtificafibh 0NdRig@argats a@ wewlch@icsal (e. g.,

Al zhei mer' s di sease, Parkinson's disease, anyotrophic |ateral sclerosis,
nul ti pl ePheenegestead agenint i ngt on' s di sease; (b) netabolic 15 di seases and

di sorders including diabetes nellitus, lipid storage di seases such as
Gaucheri i seas Ly I (the i RERE ]%rgqn{éqwl,f s of
any type[,ﬁmlgﬁcl udi %&gg g@‘p él}éal a?%’?%%er%s%l ngﬁﬂé‘%gﬁas euilg%%ér?&%homs,

ny dlfomasyndpaspidd tirsagh referendar teskenfollowinposk amipies Wdéchjam&brmddmfw wag ef dr ug
targets for solid tunors such as col.gon a col o-r.ectal carcino ,, ovarian
cancer, 1@}1@%@%@%@ notdpisa 24t @ be diRilins of tgﬁ@“‘éafﬁd’éYen&H& %l?fﬁégﬁncﬁfﬁ%r s 20
such as clear cell renal cell carcinoma or WIlns' tunor. Brain tunors
including glionmas, astrocytomas agkAerpigniand mal i gnant neni ngi onas,
etc., [0187] In practicing the invéntion, a popul ation of abnormal cells of
i nterest  hGrink PPAALEHsdd B DRI Bt ODLRTR Bickivel Alpd Oida Yilfhce,
conpar abl e norna OT__exanp! e, OTTT TTOT 178 0 0 0e in
t he sa j ect, Qr | I i je .fr j r
individ gﬁHPThese ﬁﬁaﬁﬁggﬁg}%rﬁgﬁgbggh%r%?ncgﬁlﬁsggﬁ gdfégiéw{}ﬁiaﬁsegg% Ehgr ed for
a [eri oGuppert Ot ih hipadaaipte ¥Rt Bolghlybene Bhidet bigthce trepted ivfithethylegsHobici ons
of "primary cells" that nmintain the cell |ineage and characteristics of

the ori gn#analdp fsmmartualivellieaposed bydroplepbaapolysiesae pinthesigmeiraich ard obf
cel s thys.pht &ig@% ?%ggﬁoﬁg@ L fﬁrgd@\gg]@ﬂg%ﬂ%?ﬁtep'we%mﬂﬁ% Yigt‘rﬁbf SI5E Qb nhafleor s

in the formats scr east one ce response or

acti vi t ysanme dirénsia s nathn&dgnicrosedde sfidebutfie s@irédto) fornvisguarésun thogand of

identifyi.ng a dru r._chenpi cal, agent that shows differential effects on the
it abastefidardos o ST St ot

nor mal - This nmay be, for
20 [0191] Surface preparation and modifications is done using the following basic steps.

(For more detail and schematic illustrations, see copending commonly assigned U.S. Patent

Application Serial No. , Liecbmann-Vinson et al., “Cell Adhesion Resisting

Surfaces” filed on even date herewith and hereby incorporated by reference in its entirety).

(1)  Pre-treatment of surface, for example using oxidative plasma treatment or
25 ammonia plasma treatment.

(2)  optionally, treatment with a polycationic agent with free amino groups such as

PEL PLL, etc. (see above)

3) coating with a CAR material, here HA

() mild oxidation of the CAR material with a mild oxidant, here sodium periodate
30 (5)  Deposit of a bioactive agent and bonding to the oxidized HA by reductive

amidation.
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exanple, an agent that inhibits cell proliferation in the abnormal cells
and either stinulates, or has no effect on proliferation in the normal
cells, orwersagast that induces differentiation in the 41pPMDG82/8U4158
PCT/ US02/ 31167 abnormal cells but has no effect on the normal cells. Wen
one or such 1 B Elpf\g@é/ pt or
af f ect eglg {)9?] t he d?gﬁéq%frae(l: rea&%ﬁ‘f)ﬁgg%ﬁ %egl)r%gggacéa?‘gléﬁét% sug%gaé{a?t(rélte

cl ass orPEEh aqﬁeqns&ellntlmaislcysateﬂbﬁtotthvehdiaramgallowed:hein'cmhﬂte fogewd hotrs. Hhe

tested ag. potenti har mace i ochem. ca a y or receptor
t hus |de5i‘Lde‘§ \é(as}‘égﬁﬂ wayspagdle H ﬁl’FEP& SONfAIIRgG Elr!9{]/'@\,\@rrpari ng the
effects QeHyPMinaH8 ?kl?—tc%bgﬂmﬁmquf%?dé {1BDEJ and Ih%yﬁﬁﬁx@%%sﬁémﬁlﬁﬁ@@(@ﬁ[fopn the

two populations. In is way, the invention provides’a systematic,
ef f i5ci enNHah@hichpireladdet h@plroﬁ/tﬂe reahdive gfquoatﬁwﬁ 14 de&gombkghnsatmd)f new

| f  ph tical 018 ' bed
Che | nvettido BaCEH S (F BEmRarL TS Py s PEOHRNAEPBUE i
r ef er encghokphdtdd§ ahPhh ek BY a@xATR d% @z&bWWl str pHoSpHAte) Yo £t fh abyo-wls@.irea -urea

illustration, and are not  intended to be limting of the present invention,

unl ess s(bmyaﬁvfedrhmn@rp ablgde pﬁﬁgalﬂﬁb'd@@d compeunds t@i@cﬁ@vf@w SjﬂfOl@iHFrral
Bi oacti v: en a. S 9 536 virtua ate
(Bect on % ca% I%b g?aves * BN Lféﬂ;tgg%cmla?é Q% E%‘Bﬁggfﬁsurface in tﬁl S

exampl e pw3p f I at m@hymta yrume v&bl@@ltmibuff%ﬁﬁiﬁl left @dhg oM LRihoardl yrHeafiiohi C
material to formvirtual wells of exposed h dro hobi ¢ pol yst rene on the
same pi tREAteatsd from lighteand gxidized ayidy sodiugm ped er vpghipg ip bufferand dayieg, The

BDT 1536; Xéc"n:'v%! gg rﬁé flfcﬁ aé‘t%gld*éé‘ﬁrey?@gcé@ﬁ%mdﬁ%{g B 961%1%0%@&1&1@%@{]

m croscope S red t rm squar on the sane pi
st andar o(tlﬁﬁgb botidiAg weirke ammemp:l @tidize@HA. (2 klidSisrvwashed ]wuthmanamre of wakdr

nodi fi cat i s. done usin e.follow n bas c ste nor e de all
and schowiend apstic et den %h &3 ﬁm%&) ?%&g? Sore depospied i
Apglsi catdm%@éar}}@paﬁe&l ebmann \/ nson et al. Oel I AdheS| on Resi st ng

Surfaces" filed on even date herewith and her eby i ncorporated by reference
inits dft%rety). Ihb)blé%rcgve ngat meahtasah BV nzalequld ara mdphmsqdmmgcwﬁ dative

i ih e SBIPULBR R & ISRRHES et P ol gtk offom ‘?>'a<'>t?§fLLt rr@"’“ o

(see abgyedlutidn isc@addnn st rdbiRe@p&aftrdrBb&éabd viR&sRy i¥evidont Bl 4"@ CPi n of
the CAR material with a mld oxidant, here sodi um peri odate p05| t
of a bi daciitaled angetabilify i ebarted gt raom te@lmr@it@’ﬁpea°¢4ADbpomtwmftE

20 molecules is preferably performed in the dark. Sterility is not required. Slides on which

bioactive agents are deposited may be used within 1 hour.
[0195] FIG 3 depicts a microarray of bioactive agents coupled to a support surface
modified as described. Varying concentrations of Vitrogen™ collagen, Collagen IV,
fibronectin, MatriGel™, Collagen I, and laminin are coupled to a HA surface. Concentrations
25 range from 1.0 to 0.05 mg/ml. Periodate or blanks are used as controls.
[0196] All ECMs are purchased from Becton Dickinson except for Vitrogen™
collagen which is obtained from Cohesion (Palo Alto, CA, catalog number FXP-019) and
fibronectin which is obtained from Sigma (St. Louis, MO, catalog #F-0895). Additional
ECMs included Type V Collagen, Laminin, Human Type I Collagen, Human ECM, Collagen
30 Type IV, Collagen Type 11, Human Collagen I. Polylysine is obtained from Becton
Dickinson Labware and the peptide RGDSP (SEQ ID NO:1) is from AnaSpec Inc. (San
Jose, CA).
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am dation. 42 WD 03/044158 PCT/ US02/ 31167 [0192] The slide is treated with
oxi dative plasma to activate the surface. Thereafter, PEl in agueous

sol uti on we ogoatiegl onto the slide and all owed to incubatePCorusomsiibpurs.
The slide is washed in water and left to dry. HA in buffer containing

1- et hyl - 3- (3 di net hyl am nopropyl ) - ijigpde (Pierce) (EDC) and

N- hydr oxysul f osucci ni m de (Sul f o- ch are added to provide
reactive groups. EDEliGrowthahdVedificd Suefadey (fvarh Bxangile 1)car bodi i m de t hat
catal yzes the formati on of am de bonds between carboxylic acids (or

hosphat d anj b i vat i | h te) to f
Doy <Otima" ur M Far s e e w6 sk B PEBRE SR bRt | Bona
conmpoundgpeh thhGesttnl FofoacH HiRfaES nibhdnclat BE Hah& dARFedtRANEST Be OUP

for the activation of carboxylic acid. 10 T0183] Next, the slide is washed
i n Buf f evstenblnstsdplso consitteyed torbepstzopenie siemTigls)s [Thgse ¢olls ayer foora @tcdanal hamefi i ght

and oxidi zed w.th. sodiu er,i.odat Af ter shi i ff .angd _dryi ng,
oot atfhe e el S BEN 0 BecPaiheil of B Bl0n kel dbaBHE LER KREfORY V) 09
the sli dgevwborh aase dllVividglRsdbedh T@af Bl 288991{198%))! Thextlly #eehaiaindhi sl i de
is washed with a m xture of water, salt and acetic acid, then washed with

wat er ané-MEMoGEB GO Catelpg #THS Spepppltaentedavighepodetabenlf serum §FGS gpaciivaied)
mcroarra ttern. 94]. The, bi oacti.ve agent such as an ECM nol ecul e or a
pepti de ‘f’ﬁ @@dﬁfﬁfﬁ&é@étpgllucaﬂn/&tﬁf’g?@ﬁﬂ?f er is deposited after the oxidation
of jfohe HpgroM SCOSItie Qs SRABsRIQPAT VR RHRNES of dppre@ibfelPT0ce1IEY0 Agnt  at
roomtenperature. Decreased viscosity is evident at 4C "Pipetting is

faci | i t atudreameddismabial 250ynl enisd macic palysiyreno tissut enlpaedreated flask.4CellsDegresi t i on

f ECM 20 rmol ecul es i f f i dark, i Lity.]
¢ equi 1 e ARG B BB AT oI Tk st By O i spbsded a "
Wi thin 1mhepe-MEMLRRE 27 €S e RhAS! BoRbehfr AR HabONt 431086dlisMe0geNt S

coupled to a support surface nodified as described. Varying concentrations
of Vi trolgeeaIM col | BepeturfaGomoddied slide was plocesniatotd polystsrene Petritigh addl | agen 1,

| ami nj | ed. t .HA face. trati 5 i 1.0
f0 6. 05 PR LR ot 30 Rintie o iire SR aRt e BPEed Pl BREE ol | "Eor
are purchinskededt’odl} Bakd dutdd HkistToRe KXGEPISck Figuyed) TendMitae @bl agfRmat ch

is obtained from Cohesion (Palo Alto, CA, catalog nunber FXP-019) and
fi br onecandreroiithe pn inagstad sherdide for othessugfage pler staipigp avithiematexylinegsipmag89s) .

oo LU R P R0 e RISy 0

Pol yl ysipregiagm.obt ai ned from Becton Dickinson Labware and the peptide RGDSP

(SE(8 ID NO 1) is from AnaSpec | nc. QSan ) )
2 [00103] Figs. 1A and 1B show that cells preferentially grew on particular areas of a

microarray containing bioactive agents. Cells did not grow or adhere to the blanks or areas of
the microarray that had been treated only with periodate. Fig. 2 shows that some cells grew
less densely or more densely on particular bioactive agents. For example cell density was
greater on Vitrogen™ than on laminin.

25 [00104] Fig. 3A-3E shows that cell density is proportional to the concentration of the
ECM molecule(s). Wells containing 1.0 mg/ml showed greater cell proliferation than did
wells with surfaces coated with 0.05 mg/ml of the ECM molecules.

[00105) Figs. 4A-4F show the effects of the modified surface on osteoblast cells.
Surfaces not functionalized with bioactive agents do not promote cell proliferation. The three

30 higher concentrations of periodate resulted in binding of all 5 ECM materials that stimulated
cell attachment and growth. At the lowest (3mM) periodate concentration, only collagen and
laminin supported cell attachment and growth. In Fig. 4B-4F, cells grew only on the surfaces

onto which RGDSP was deposited an not on control surfaces.
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Jose, CA). 43 WD 03/044158 PCT/ US02/ 31167 EXAVMPLE 2 Cell G owth on Mdified
Surfaces (from Exanple 1) [001001 MC3T3 -El cells were used to determ ne

t he ef f ecwoaB/odiif$ er ent bi oactive agents for creation of Pairaso/sme7
surfaces influencing the growth and differentiation of these 5 osteobl asts

(al so considered to be osteogenic ¢ $). These cells are froma
clonal line of nurine calvaria-de ‘obl ast (establishnent of a

cl onal osteogenic cell Line fr(}m ) _nmousge cal varia describe in J Oal
Bi ol 23:899 (1981)). ThatkE&Rngld ' 13- 0MPAIEn (G BCO Cat al og #

12561) suip| enent epbpiidedwRivh brttadteCil the SRl b1CSE mediagtdovposéhts ardfebnd 00
units or_g/m Reni cillin/streptonycin. 10 [001011 The cells were seeded at
a concerlibragi¢sghatdrad been entisivagted ysingeonyentiopabtgchniques o papideryiithasiss Fagh 250

cul tur e eus PR RPEEE ROl WscfishdebiBrd SEAESL bBfite BRIPRIBE, oy an
r esuspenideldding chargs] molecdlavizdibh, tnlas28adAE8rdphobicity.nBor exahple; emtepeptias o of

about 4x104 cells/ 100 |. [001021 The surface npdified s]jde was placed into
a pol ysthiraanpeeqnsishpliyeaygno agid seidics QopsPANding taenq of theyfollowing nut es.

Non- adh e o1l i t coat ed
ar eas ogt t {(:aur%'l} 3‘%‘%@%@6@3‘3‘?&)@“\@%8 %I,E:Iétfgf}ﬁ@ {:gg’lrtlb %ﬁ%ﬁ:ﬁ%\%j{ﬁ and
gr owt h, NO:4]n@EyeKakx {SEQ $DiNE:SHrand{(¢)dboxu{ S EQdDANOdr], wharini each winidy be

hengt oxyl i n/ eosi S, . captured usin cql or .scanner, . and e density

ot a6 a7 AR s B i eyl ETacHis A T ROBISSE BRgs. 1A and
1B show pdpgitieChb kpntREle@NMAM 1R 4t ¥adf MO RvOREsitididleatitihRRBSpiRbicdor M Croarray
containing bioactive agents. Cells did not grow or adheére to the blanks or

ar eas ofunchirgedrpelanammaacidrasidiragrésentrat theergmethingfoyr pesitionser i odate. Fig. 2

shows t one cell rew | ess nsel y or [ ns articul ar

bi oact i uglt936ent S. e%’(?%dg&a&mﬁeé&e&%Héﬁgg?V%@u?bﬁﬁﬁxﬁEﬁq ?ocflé%ﬂwat han
on | am rdegired®first AAHIAkidintb a SAthebis VBSeE &AL the edsin ide@8ildd/ini smPRNOpoOr t i onal
to the concentration of the ECM nolecule(s). Wells containing 1,0 ng/m

shdded gnethylpyradidinonp (IMB) dora mritasnuith epitioneThe fivgt ettached empecidist ed wi t h
0. 05 101 dthr Lerdd'G EEMATR R0 285 wiv iR iREn Sty st ndie s hilfeeS it S of
ea sur C S. rraces no un

t he nodi ace on osteobl ast ctionalized with
bi oact i vagitag@nt Bhisletep s foflowedbewastihg withINNE (gdneoduratidheanidhohanes3f step@er
concentrations of g}eri odate resulted in binding of all 5 ECM materials that
sti mul ateidh agitationt he Aerd wmiamerigissiguble cappled énq%cmsﬂl qfzmigo prid stogk a2

concent rlrellglialpg){cegsr,] gMO ﬁf)clﬁl 03.‘9Efdf’f‘s%gropylcarbodiimide (DIC)/NMP and 250 pl of NMP for

20 60 minutes with agitation. Washing with NMP is repeated. Deprotection, washing with
NMP, double coupling and washing again with NMP, is repeated for each additional amino
acid. The resin then is washed with 10 ml of methanol over 10 minutes and then dried. The
peptide is cleaved from the resin with 3 mls of 95% trifluroacetic acid (TFA)/5% water for 3
hours at room temperature. The resin is separated from the liberated peptide via filtration

25 through glass wool. 80% of the TFA volume is removed. 4.5 mls of ether is added to the
extract and then incubated for 0.5hour at 4°C overnight in a 10 ml vessel to enhance
precipitation. The precipitate is pelleted by centrifugation for 20 minutes at 2200 rpm.
Extraction, incubation and pelleting are repeated. The pellet is dried and 0.5 mls of acetic
acid is added to the last pellet followed by 4.5 ml water. The pellets are frozen at -20°C and

30 lyophilized. 5 ml of water are then added and the pellets are frozen and lyophilized.
Hydration, freezing and lyophilization are repeated and the processed peptide is maintained at
-20°C.
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| am nin supported cell attachnent and growmh. In Fig. 4B-4F, cells grew
only on the surfaces onto which RGDSP was deposited an not on control

sur f aces. woH3wR188/ 044158 PCT/ US02/ 31167 EXAVPLE 3: Scr eeqirricpot/arieOpt i mal
Medi um Conponent s. [0197] Peptides which are tested in the optim zation of

medi um ¢ nents Yt n
conventi @?\gg techn?%cgleasﬁb?% Olfgg‘tﬁtﬁ%g%?yrﬂéﬁ;ésga?g %ﬁ%ﬁy&@@@ eﬁ’g%?g‘(ﬁléé nlgtl al
pept i de inelndediateailiue mediemtveidl hsgd te&tmmudlenngntt(egspmreésed celegioguth)cri t eri a
e L T S R B DU Bt st ©
cor r espoqdiigedtif Bpéaeerefetahh@cmbbaww \xs@rommw&@% tﬁe)exmsiéxelgﬁﬁ@tl D NG 2],
(b) xxKxx [SEQ I D NO 3], xxxxK [ SEQ 4] (d) XKxxX [SEQ I D

NO. 5] mdd@see)re kolrotsd frOEQ tRDANptS hbravxhéﬁm tnsteaptltdex nrnbetselet@d tfrom game or
dlfferet i C_Or unc r_amno aC|d eidue. LS Lys.
Pept | desibipy BRSEGR Qé‘&eaf}ftﬂﬁi%”%ft O Bse W otonaS (Rols s PEieBhod dpirep
hydr ophodidthydfophtbich (/8ESL FP agyrbead&aﬁmwal fOr éRE of URSei gt Pepides AThe RRlicia of
remai ni ng four positions. [0198] Peptides are synthesized by di spensing

about 15be n@pmﬂgnrﬂeé pharmaﬁ,taenaﬁﬁm@ara@ellaléswwm 4. SETOWHR) maaydrs deterpinpdgfor
synt hes'tﬁe}é%(fi;?ﬁe Tld’é?ﬁ\)ﬁl he resinis swelled in 4 n N 15

met hyl pyr ol ‘for 4 mnutes with agitation. The first attached
amigo acipzbij S demﬁhgﬁdgﬁﬁﬂbﬂ\ﬁaﬁﬁym tehg. Iwith thefpr@@dm\8-Plugi(Wersiosi 3 fdrPi p) / 80%
NWfor 20 mnutes with %ﬁtatlon This step is foll omed by washi ng W t h
NVP ( samPlefis Matielaneatie Wibneie) st{ﬂeéolbawqu%tlaap%m %ﬂvefmdwesa &8i no

500 1 of BB REFHREE N inte fidmitcel i Th Bt B5iESh A isBlo i BBy FE55 60
m nut es gwowih)ajitedfinsoset oMasitompowndsh NMP i s repeat ed. Depr ot ection, washing

with NW, doubl e cou Iin% and washi n% again with NWP, is repeated for each
addi tional an¥ nid-04:% MloghED-430sf MWhd97pschaxgnsd- 1% R TP-9 of met hdhbl

over 10 mnutes and then dried. The peptlde is cleaved fromthe resin with

3 njss of Raeyhis b bdpacehltiatitk Srdpéty, Mo tlsez[ me&urelof oﬁfcitf' AR is

t enperat ure. The resin is separ at'ed fromt | 1 berat ed pepti
filtrat |ronleQ|Ha1t\lwc1ghtﬁmml as 8 stabstical BO86uod oﬁtheaﬂiﬁmltw(ﬁlvandnhts' in dmnr@lnam 5 ms

f eth dded t dt d_f 0.
over ni gHEORSGY3blg (9} HELis X blate At st ok, RORC V4 PSP sPiaif | 5
pel | et edniyyooRRoE tlfel!ﬁ%‘iﬂa@ﬂarfd%ﬁh@@n W@‘égﬂaﬁ&'d 8 @Q: staiftical BXddeRCt | ON,

i ncubation and pelleting are repea is dried and 0.5 m s of
acetl c 18RH is adfedatisbactdrs plﬁ@tﬂe (ﬁ“@lt Béétsﬁﬂeﬂhbqubyemelﬁ)rsinov\meehﬁedrhe

C#Oﬁ]: g;cﬁg gs) ﬁgsfc é&t 6e§g};{)1epg§ %9 S ?: F{inﬁ PIC c%(sjs 155cont1nued \Qélste((a:cr)ndle se(tao{” hen added
untested peptides can then be selected by any means known in the art, and the parameters for
the second set of peptides may be calculated. Using Equation 1, the predicted activity of a
second set of culture media, each of which includes one of the second group of test peptides,
can be calculated for each culture medium in the second set based on the parameters of the
25 peptide included therein. For example, a predicted activity of 28.2 may be derived for a
culture medium containing an untested tetramer peptide. As this value is higher than any of
the cellular activities in the original library, this peptide is classified as a good candidate for
synthesis and testing.
[0203] If the growth requirement of the test is set at a level of at least 25 units, then
30 the compound screening process may end with the identification of a specific tetrapeptide
(assuming the actual cellular activity is equal to the predicted activity).
[0204] Alternatively, if the growth requirement had been set at least at 30, then the
screening process would continue. The actual indicia of the property of a second set of
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Hydration, freezing and |yophilization are repeated and the processed
peptide is maintained at -20C. 45 WO 03/044158 PCT/ US02/ 31167 [01991 Such
a |ibrarywofo3peqss des may be tested to identify a pepti de paiTicsh2/shen

included in a culture nmediumwl| satisfy a test requirenent (e.g.,
0 i ' dt
1T st ot afinedlp MR onrain e X% o U e Rlnglt DDA HE b Berbmih I 0

Canpbel | thede méasurewan@lé ﬁé’x@tﬁaandmh@memenanwaa oneipgtimeteaihd 5el|‘hﬂmacdeﬁy are
sel ected etr t|d | i brar he test pt | des e sel ected
fromt he® afl‘l“i?aé?‘g 1%7 %E \Rﬂ“aﬁ’é’én thirgsgt Q/fé%eﬁgg ?A’ CSFW@Q 1%‘3 deddber s

( ol ecul @finyehedih aret;%cﬁbte@ hétp@note @%@tl‘l‘b‘%@ RBIRDALGI1EVe] 6?‘1}@9? eﬁ@b’ arge _
determ ned for each of the elght peptides. The indicia of e property, in
thi $ exadpitifjeda Tyaically,thsmrewmssd eAnaontwie i ian ytegative fashipnowtihy pcpiyie theving
determn d . for I d s well. 10 [0201] Using regression
anal ysi sﬁegesdredb\llﬁq?ﬁc?l%’é 1‘6?}6% %ﬁﬂ?% lus (Version 3.4 for Solaris,

Mat hsof tigze8pat t | e, LiésRENGHRYst rédueimeht oM seBateledd] i0P At 16ad 2bethél@ﬁqbyee5k to
describe the relationshi p between the three paraneters and the

( hy pot hetht eaBinal tagtipeptadestmayhsatiplydhetestyrequirement ang hgcpmpennd sseceninggroesss  of
test co Vi = 3: r .73 X RZ2 =
0. 999 (%%f‘g&‘\?%%trﬂélsf%fnt?%éﬁo”g@t%% “eg“ g?éﬁ%?%ﬁé’%@%ﬁ% %%p“ ogP is a

nmealur e [pfoshy dr ophiRdfeinigito FiGV1 6f Witnd #0841 pisesrgddtoparitiom?for aetanﬁfhﬁtgi théi cal

measure of the amount of variabiljty in the original response variable (y)
that is ®layeashirbetygen the ragagyred mdefa@ ofihaeropepy o e\m@htyaf fastgylurepeci f i es
t hat 99.

stati ot o packUniigl B3 o e R0 Lo o W ARG RS et M mpounds
t est reqmnrbemhrsltr)ateds’.)yraograpldeaitreﬁre@dtan&m "ﬂlnmmjculdtted Valned ofgh¢ d phratmetir(s)

pepti des en| n roce | nu A second set of untested
pept i desaI‘EHPi’“Fﬁi BERUEH ﬂ% RARPSTHY 1o e gul i are

pargmet e}fl§ttéd)igalnghl%e %%ﬁ{é@er%ﬁlemn Pe Qtduq%%lcgfﬁy e CROCULED LfusttRiod Dnly,
Equation 1, the predicted activity of a second set of culture media,” each

of whi chiniFiGl AW QHE0 1§21 el Oseandtorecmertioenpd drfl parsmeteept i des can be
| cul at t h d t b .
ar amet P07t ¢ o G SRR URT MRl riEs BT el Rladtipiea “BrshRE dineia

activit yheploddd datiBFobkadflé, Yo edsdh analysiy| AN @RS SRR Binfthchbtical
untested tetramer peptide. As this value is higher than any of the

cel | ul arrelagipnshin baswegmthe medieip o§thearonertyaad the taliesofghppirdmetes fasithssissti | ed as

ool r eranbef foath ey PHENERIR, TRk E5b AR (ool A0 B o

t he conpguietlotsci peRIMBET,AMAGRS SroffRY teendhidetrepieeentsidBnuinbens st altuse

specific tetrapepti.de
media, j ranges from 1 to d where d represents the number of parameters, and i represents an

he

estimate of the measured first indicia of the property of the first culture media.
[0208) This relationship can be used to identify a second plurality of culture media
25 each containing a respective second test compound which is predicted to provide indicia of
the measured property that satisfies the test requirement. In Figure 2 of WO 01/07642, the
test requirement has been established to select for compounds that provide indicia of > 20
units. The equation §;= f(x;j) can be employed to identify those compounds as components of
culture medium that will provide indicia of the property that lie on the upper right portion of
30 the line of Figure 2 of WO 01/07642 (i.e., that provide indicia of the property of > 20 units).
[0209] Figs. 5A and 5B show the results of optimizing culture media for enhanced
growth and differentiation of osteoblast cells. Proliferation and differentiation are improved

when cells are grown on a bioactive surfaces in conjunction with an optimized media. Less
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(assum ng the actual cellular activity is equal to the predicted activity).
[02041 Alternatively, if the gromh requirenent had been set at |east at
30, then wbe3osaseeni ng process woul d conti nue. The act ualPcrnorsaénf the
property of a second set of 46 WD 03/044158 PCT/ US02/ 31167 cul ture nedi a,

each comygikiBaans afferbise SRAKbk6ka BERL kitRRa Bk el RES U6Hpal O

t hese surenents, a new rel ations en at one paraneter and
cel | ul artoasddiassupyplensentedabidulgadvett] fadtorsiin placsofigedahed equation, a third set
of peptides, which when included in culture nedia are predicted to pronote

growh of the cells at a | evel of M@ter are 5 identified.

Typically, this process can contin terative fashion until a

peptide having theygesi visdifRuNuReicedhs Phtde\DilensfonaP§iidided. [ 02051
Li kewi se, if the test requirenent was set at a revel of at 1east 20, then

mor g of ohie ori 9ifAl et & H%B&Ltgseﬁcivvﬁ)é sﬁ?f%&e%fd%aftéh%ski%%ﬁbreﬁ%ia&@ﬂﬁ@tl and
t he conpound screening process could stop at thi's point or could continue
i N gquestandftestadefor betsird ppepettyrsotings qubphdedesll gidvthQR déstriRed arExangple d, FI G 2

of WO 01/07642, pr.eferre erations for determ nj the, relationship
bet veen RO ERIOHOLED NIV BRRE SPHBEEP 5 e HOTpI Y GH STy
cul ture ghardudrreashyegnt ai ning a respective test conpound and the

paraneter(s) of the test conpounds can be illustrated by a graphical
repr eserf2iti on. Thiftgsiradeatptnizationesd ofedideptunipaticamtieeellsyan tergophontaed,

and .t he as val ues of. the i.ndicia of .th roperty.for the n cuylture
oL s B SRR i ot SRS sPiuabians DnERESFc hr s oot el o
space. hpédigase of illustration only, in FIG 2 of WX 1/07642, n=10
cul ture nedia and d=1 paraneter. [02071 Conventional line-fitting

al gori t HPA2kcan be Higwds p6-Qeshomatescral 3 seaffalds of the peesens inveptien ennstrueted dat a.

For exa 20 : elam i ilize e g .

mat homat % PR LB T YT T B0 BB bl 4.6 “BpleR oL BEINRR Bine DE

val ue ofcheitryavigin®tieiminercrdsblénkee sdipkGicriodihpdiagldé (A ADY.hThelnhteral Wgdiledn The
rel ationship can be represented as y; where x;j denotes a

= f(x;),
parlamet ACTWeenPARYESPS serfces peh Q\Im@waPPSrté)éf@sm bompgengaunhes!. 46 mm st
cul ture hO@ﬂlgﬁﬁ is! useB M6 il AR FrdPa dsh‘é’@?r (Thg dEsEQ LRSEALSA %ﬂ%s&é{i@&rwﬁgr

par anet er s, represents an estimate o e nmeasure I'ndicra of
t he profdeozey anfl00t@aid Yyephitivéd wité drgedi a. [ 0208] This rel ati onship can be
used to identify a second plurality of culture nedia 25 each containing a

respect il#83lsecond khesiD pyrpomaticehiavs andntgrconmestesdporg stprchie sdishyapy haveof
the ea sy, oY ORRTAYich BRkRAAShE Bt bRE AR ok BIMAGIE e dnd FOBUAS e ©f
WO 01/ 07642, f{eihe test r q&?sf enment Eﬁgs been est alg)#lasshe £ aselggd(’:t' fxgrﬂ?e
coiPoundse tristhllipesy tedwlymeli is Excloded ¥rad0 theonydtals. Wien éypphilized, the spacé (xi ) can
be enpl oyed %{? [ &)ent [ f% t hose conpounds as conponents of ﬁ | ture . nmedi um
that wi ITCHRERPYBCFRFYTAS HARTRRIDP GPARETFORMEEEd ROE FRICHHE s
porti on @f be used for several purposes, including cell transplantation, in vitro 3D culture and
screening of proteins and peptides for modulation of cell function.
[0214] The crosslinked alginates have available carboxyl groups for modification
25 using EDC chemistry (See J.A. Rowley et al., Biomaterials (1999) 20:45-53, herein
incorporated by reference), or using the same chemistry as described above for surface
activation and coupling of bioactive agents. The 3D environment provided by the scaffolds
mimics more accurately the in vivo environment, permitting use of cells growing in three
dimensions almost as a tissue to screen growth environments, biological effects of drugs or
30 other agents on cells and tissues in vitro.
[0215] The 3D alginate scaffolds are arrayed onto a HA- coated polystyrene slide as
described in Example 1. See Fig. 6C. The 3D alginate scaffolds are arrayed by injecting the

material into the wells of a 50-well silicone gasketed slide. The HA-coated slide is a
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30 the line of Figure 2 of WD 01/07642 (i.e., that provide indicia of the
property of > 20 units). [0209] Figs. 5A and 5B show the results of

opti m zi /goaalosaise nedi a for enhanced growh and differ emciratSonsii16f
osteobl ast cells. Proliferation and differentiation are inproved when

] : : . . bi : i zed
s ey T e L
di L fere mebiaih'g wilmgr z&lh@nﬁ%ﬁ\ge@i?; ufs itinegsummdd hding i@mmcaiv::ﬁileghél 4ffolds vatipar ed t ?
[ it L act [ , .EXA| 4 Us
R R N e T
i |l ust raﬁ‘ﬁ%amﬁw?{%“@ﬁﬁé- created as described in Exanple 1 and tested
r a

for a desired prop suc s enhanced cell growth as described in Exanple
2, Smay bzéused w Atragiy teahdtobeiont pslidemilatlowrbtontatedsadeepingasf corditiohsar

activity such .as, growt h nd/ or differentiation. [OQ Af surface
o Lol SN st o ke Prgincerrltissdt | € RadkBe ty et Skl ¢6° 50
scaf f ol dypQn 4 &airfég% Oub s tesSH N hARE; FRSRROS/Sr dofeullfife RIBDERTRr&: s

optimal growth um ! 0212] Fi'gures 6A-6C show several 3D scaffolds of
t he pr esamthe samepaafioh to verapéighal geridatiprs dordngineared tissyadavelepmient. 0. 1 M MVES

buf fer, . 0, i.ch | i.nked i EDC 1 i,t h di - am
DU PSS B P bl

betigeen okl fithatifiSa@UFdiREORIWIED eBal? sipRaSR AR thedcHRRHsiHEesaribwdageneous
gel. A 6. mm hole punch is used to excise disks froma_ "sheet," The disks
are wash@ermple bndhysalginptes grerraedified wih @arigys biglogicalin actiwp gty inehlingt j |

dry. [O rHi:ces: . jnt t NQf: ure
an oh me M ae BRAAH T TR SO BURIE o, RERAFR RRRIBARENBE UED

i ce crysdoajsictivicivéthtag aatochagiddwagihg anbl @nal¥fs syseent aNow &b the estomuted pol yner i s
excluded, fromthe crystals. Wen |yophilized, the s e QqQccupi ed the ice
cryst al sdispoyeryead optifmizagan Pﬁ?@ﬁ@&ﬁﬁ@@?@ﬁukés?@togf,rlﬁ%mﬁ% subpfpaess %ﬁlﬂgﬁ ces
cansbe usgek {RfpRRIAL #hd RYRRQERSs) usial R NG58hl L ERRSHAMSHE 1QR1ophinY i LT O
3D culture and ~ screening of protelins and peptides for nodul ation of cell
function. [0214] The crosslinked al gi nates have avail abl e carboxyl groups
for nmodification 25 using EDC chediXAMPLESe J. A Row ey et al.,
Biomaterials (1999) 20:45-53, herein incorporated by reference), or using
t he same chendisVirge Assagle fmrMbeitorhg Grotvol and Diffexentiation wAOsteobklstd coupl i ng
of bioactive agents. The 3D iarftiree Dilehsiplisl\Scaffeldey t he scaffolds mimics
nore accurately the in vivo environnent, permtting use of cells growing in
three [o218] Osteoblasts were grown in the 3D scaffold using an optimal medium that

20 includes growth factors and an optimal surface. Low alkaline phosphatase (ALP) activity
(detected colorimetrically using a commercial kit (from Sigma) according to the
manufacturer’s directions) and an excreted collagen matrix was evident between 1 and 9 days
of culture. Between days 9 and 16, ALP activity accumulated and osteocalcin secretion
occurred. ECM was mineralized after day 16. Greater cell proliferation, measured as oxygen

25 consumption using the BD oxygen biosensor (Becton Dickinson, Bedford, MA) was observed
in cells grown in a scaffold. The amount of DNA increased from day 0, day 3 and on day 10.
ALP which also increased dramatically at Day 10, indicating increased differentiation. The

ratio of ALP activity to DNA also increased on day 10.
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di mensions alnbpst as a tissue to screen growth environnents, biological
effects of drugs or 30 other agents on cells and tissues in vitro. [0215]
The 3D alwomawetiscaf fol ds are arrayed onto a HA- coated pelcydatsyr/anes sl i de
as described in Exanple 1. See Fig. 6C. The 3D al ginate scaffolds are

arrayed i njecti 4 adl 1] . . Skl kcone
gasket ed[laéslll9l de. Th‘gﬁt - cgeé e%gélitel% é’ 0?%%§H%%L%§P 8%3?%’3%5%45@%@;167

pr ef er r e¢htisetppolidthdrapecifichlyinafrporartd obestause cells that "spill out" of the
scaffold during seeding will not adhere and grow on the surrounding

surface jofo] € t he F&ahd ROWFuY ddschbed BRI AL Yt WANBEsbprecidtBEbPthess rat e vi a

coval ent crosslinks between the gelling scaffold and the pol ysacchari de

(HA) subskillestia thesarf Gt GE sane agn bryparfpemad wvithines Wisle rangg ofguivialent parpraeers,
h e " PcipiARbe j t il
engtneer iefTEE0AT Ay bo el R o Rkl roph Phe SEHEERIRR orPhe ilenfloh ©

vari ety aid witthsit nedweexpériMaitytiory densities and/or co-culture cells of
different types on the sanme scaffold to discover optinmal conditions for
engi neered tissue devel opnent. [0217] The crosslinked al gi nates descri bed
herei n provi de repeating carboxyl groups 10 for nodification according to
Row ey et al., supra or using the chem stry described in Exanple 1. Thus
al ginates are nodified with various biologically active agents including
ECM nol ecul es, growth factors, bioactive peptides, etc.. The arrayed matrix
slides used in conjunction with an autonated inmagi ng and anal ysis system
allow for the automated di scovery and optim zation of environnents (sol uble
factors, insoluble substances and 3D 15 ti ssue conpositions and
architectures) useful for in vitro and even in vivo tissue devel opnent.
EXAMPLE 5 In Vitro Assays for Mnitoring Gowh and Differentiation of
OGsteoblasts in Three Dinensional Scaffolds. [0218] Osteobl asts were grown
in the 3D scaffold using an optimal nediumthat 20 includes growh factors
and an optimal surface. Low al kali ne phosphatase (ALP) activity (detected
colorinetrically using a comrercial kit (from Sigma) according to the

manuf acturer's directions) and an excreted collagen matri x was evi dent
between 1 and 9 days of culture. Between days 9 and 16, ALP activity
accunul ated and osteocal cin secretion occurred. ECMwas mneralized after
day 16. G eater cell proliferation, neasured as oxygen 25 consunption using
t he BD oxygen bi osensor (Becton D ckinson, Bedford, MA) was observed in
cells growmn in a scaffold. The anobunt of DNA increased fromday 0, day 3
and on day 10. ALP which also increased dramatically at Day 10, indicating
increased differentiation. The
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ratio of ALP activity to DNA also increased on day 10. 49 WD 03/044158

PCT/ US02/ 31167 [ 02191 Al the references cited above are incorporated

herei n bywoaBeuasgce in their entirety, whether specifi calpicg/uisozesripor at ed
or not. [02201 Having now fully described this invention, it will be

appr eci Wg’ﬂs&f‘ﬂ&ﬁw;ﬂeié-' ed in the art that the sane can be perforned

W thin 7i val ent paraneters, 5 concentrations, and
conditions without departing fromthe spirit and scope of the invention

and wi t hout uhdue Axpkrcilteataticofor a5@sing 08 /eféds 68thRCTAiBaRbB4118)) WHAT | S
CLAIMED 1S.. 1. A cell culture device for assessing the effects. of.

Chr ee- o FRMRITS ARR st Ceblif Ry SR iRess Rt s P S SUBROF: Y1 e in

conpri si iRt GithtalhRer b€8 26l adhesioH POKtint SFOARISfutdria] tHaP YRS la AR Buadedify Of

a cell adhesion resistant (CAR) material that forms a CAR surface, and 5 a
pl udal i taplyfaligposdaseasfodids ingorteeitveith sam CARsirficCAR surface. 2. The device
of claim1 wherein said CAR material is bound irreversibly to said

surface. 3. The deVhadevof oflchimliviieneshid AR anabiial issticend dfreviessililg o shid
reversibly.to said surface. 10 4. The device of claim1l wherein said

scaf f ol 05%'¥£3Fee bound irreversibly to said CAR material. 5. The device of
claim1l wherein said scaffolds are bound reversibly to said CAR material.
6. The deviced-of clhdavice ahnlermilvhcssig SE‘QIQA%HP%@"I%F? fougd severmiblinie &idal i s
sel ect edy, Ao, fromthe group consisting of (a) polyethylene glycol, (b)
glyme, (c) a glyme derivative, (d) poly-HEMA, (e) polyisopropylacrylam de,
(f)lohyf'sll uroni g aC"Phe (gag'}ce%lfgiaﬂhq v?l%r%n sgig)s fffolgse %r'e\f)%ﬁﬂ&/ 1%‘c=,(\)/];:r31h }‘;i Ubg ¢ acl d
or alginic acid, , an 1)) "a conbi nati on of any  TWO Of noreé o as)a- (h). 7.
The deviCARahatetigli m 4, wherein said cell adhesion resistant material is 20
hyal uronic acid. 8. The device of claim1 further conprising an additional

| ayer conpri s ng arhd @adeiof laifll &1hedéin REHWEATH18PArE boMRPRVErsbYY foaGRI @R sai d
CAR |l ayer. 9. The device of claim8, wherein said reactive neterial is

pol yet hynageilni ne,

6. The device of claim 1, wherein said cell adhesion resistant material is selected
15 from the group consisting of (a) polyethylene glycol, (b) glyme, (c) a glyme derivative, (d)
poly-HEMA, (e) polyisopropylacrylamide, (f) hyaluronic acid, (g) alginic acid, (h) a

derivative of hyaluronic acid or alginic acid, , and (i) a combination of any two or more of (a)-

(h).
7. The device of claim 4, wherein said cell adhesion resistant material is
20 hyaluronic acid.
8. The device of claim 1 further comprising an additional layer comprising a

reactive material between said support surface and said CAR layer.
9. The device of claim 8, wherein said reactive material is polyethyleneimine,
poly-L-lysine, poly-D-lysine, poly-L-omnithine and poly-D-ornithine.
25 10.  The device of claim 1, wherein said bonded CAR material is susceptible to

oxidation-mediated chemical activation.

11.  The device of claim 1, further comprising a bioactive agent present on or

bonded to a surface of said scaffold.

12.  The device of claim 11, wherein said bioactive agent comprises an

30 extracellular matrix molecule or a growth factor.
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pol y-L-1ysine, poly-D-lysine, poly-L-ornithine and poly-D-ornithine. 25 10.
The device of claiml1l, wherein said bonded CAR naterial is susceptible to
oxi dat i orwomdioatiegl chem cal activation. 11. The devi ce of pciraisny/atief urt her
conprising a bioactive agent present on or bonded to a surface of said
scaffold. 12.j3he HRVILHRQff Bl Jvi]lere%{deé)ﬁ@rﬁéhﬂar%ﬂﬁg &r?}&‘[?cuf’ég@nt

conprises an 30 extracellular matrix nolecule or a grow ctor. 51 WD
03/ 04415ﬁtr5?ﬁm’t1hlSﬂ1§h7bﬁéchﬁ7tendsi&1n Tdmndemccbagah anitarkin) alﬁrotamiggrcam,raggabm,

extracel | ul ar rix | ecule is %éonec in, fibronectin, tenascin,

| ami ni n, 900 9 h”@a&%{l ag ﬁmlﬁoglécaﬁi‘r% Yye§can, aggrecan, decorin,

biglycan, a gl cosanlnoglycan or Matrigel TM 14. The deV|ce of cIa|n113
wher ei n sai d Ht r ablq deyicgrof simil?, WBPrétE’LﬁaLﬂ gxdragelludar apatiiy rgleculess aThe devi ce
of o ai Mlgeepherein said bioactive agent is a growmh factor. 16. The

devi ce of c?a|n115 wherein said growh factor is a bone nDrphogenetlc
protein, epiderml«arowh fact thro et| eparin n factor
hepat ocyt e grgsrvw h l?e (vae Ofd:aug 2 \,’Vkigﬁlsnuslapcpm?ackwe abe ST B9y IBE 09

(1G=-1, 11), roteln erve growth

eukl a e 10 geni c.
factor platelbt. dbi gbfe@?smq?aw D GRIE MY PR i SR CHTHBSREERS o or
P. 17. Th8 teﬁjr?‘é?ﬁ@rrﬁ)zfl gfdvith uckor WRGHRIpDicHa l‘ﬂepﬁﬁﬁf)fxﬂhfé fAOOR HepRScyle %ﬁ@ (b)

mat eri al sel ec fromthe group consisting of (a) a natural
a synt heﬁact@r p@ﬂuj/lnemsul(ml)keagrowﬁofag@nﬂer ¢ Kpipdslix @nmttle(umn armwsglcrrbl nati on of

(a)mq(c). usefu r | I ure em cel |

or ik e Zenid pkin R Giran B OB PP ARE R R Binr B AT SRR ol i o
1-17, angow(tbfacfeka@.ng material. 19. The kit of claim 18 further
conprising: 20 (c) one or nore reagents for use in cell culture and/or for
measur enent of said cell rowmh or differentiation. 20. The kit of claim
18 further cohfri stheglevicgp!chimduwhprsissaidscaffgidegmpaises shase arateriz] selquied ki t

of clai mdg il EbiF EorfsRHRE bf ()4 naftial pHym () 4 rtRAR fmbsS (GnTHrafy ST EM

composite and (d) any combination of (a)-(c).

15 18. A kit useful for optimizing a cell culture system cell growth and/or
differentiation, comprising
) (a) the device of any of claims 1-17, and

(b) packaging material.

19.  The kit of claim 18 further comprising:
20 (c) one or more reagents for use in cell culture and/or for measurement of said cell

growth or differentiation.

20.  The kit of claim 18 further comprising

(d) instructions for using said system.

21.  Thekit of claim 19 further comprising

25 (d) instructions for using said system.

22. A method for designing a culture system that permits or promotes a
predetermined amount or level of a cellular activity, and which system optionally enables

assessment of said cellular activity, said method comprising;
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22. A nethod for designing a culture systemthat permts or pronotes a
predeterm ned amount or level of a cellular activity, and which system
opti onal Iwoanaiies assessnment of said cellular activity, peaicbozretihpd

conprising; 52 WO 03/044158 PCT/US02/ 31167 (a) testing cells for said

cel lular actingty RLLEcchUidUsn engitt JUhy WREOEILEL s Allude  BRbIER 25U | ace

in the presen of on€ or nore first leve I'natrons o candi dat e
cul ture nmedi um conpotuendurfaaeth the pjesence afidhelat mole fracievel @ombinados efonpri si ng
one or nore bioactjyve agents 5 rese%ed to cells in or on one or nore 3D
scaffol ds; which c tur CWE@EC"EWWB U AP t%h d is in contact with
a CAR material, thgsrebyddentd fyidide 8 fRRChMsihE AL of @gsﬁé bif&'ﬁ%ﬁ o of
said nmedium conponents and sai d bioactive agents] 10 ( selecting said
optidmal first |evel coneseatdddn celtbantor b ede pnmeteeiD feaffoldsnd (c)

i ncorporating said selected optimal first |evel c i.nation of. med]
conponents and bi oact i v‘@hﬁgé}ﬂﬁ‘gei"ﬁs@?} sgr%fﬁ o sg@@?lgﬁs, ‘é‘&?ﬂ%'s‘?’ﬁ%agﬂ% ture
vessel or surface gprdrigne or nore 3D scaffolds have therein or thereon said
sel ected optimal first [evel conbination of medi um conponents and bi oactive
15 surface, thereby desthgighnéfestfvangan enimneal srst lewel cpmbirptien pfsabhedfunt| ai m

22, further conprising. a i t bility of said cell culture
systemto permt o?onﬂg)gﬁ%t?énggﬁl?ﬁgfoﬁggge grrlt% ned anmount or |evel of said

cellwl ar acti(®)ty.sekRtiddsaid bptimet fiedeas] comdinatidR idehtifiéd@rstépqapahsi ng (i)
testing said cells for said desired activity after culture_ in the presence

of one or mfF)a s dBeRROTaEDg paid é‘?ffﬁ‘frt%?ﬁt%%l.%?t levgl SOIﬁb@P@‘Pﬁ elorpiwant s and
said bioactive s LUofn‘F;fo%entE 0&g ﬁit&{ctl\)g.ea%x}tg Wtd'9 cgl'ﬂ]ug@ %té%%ﬂ%ﬁﬁgpg alcBiGh

conbination; (ii) sel'ecting the opti secon on, and 25
(i11) 1ncorporati ngsshbdsigélceahddno@trmaerel3Dssaffolds hevetheetndn thatowsaid

medi um conponents and bi gactive agents.into culture system conpri sing a
culture vessel orsegﬁ];efie%’é‘mé‘ @rsbﬁ¥gldr°“ﬁ%?aélogﬁ%§@§¥%F%P%Hi§@P§Pfﬂj‘c‘é‘éﬁ d

selgcted second |gygle conmbination. 25. A nmethod for designing a culture

systemthat permits or pronotes a
thereby designing said culture system.

23.  The method of claim 22, further comprising:
(d) measuring the ability of said cell culture system to permit or promote said

predetermined amount or level of said cellular activity.

20 24, The method of claim 22, further comprising
1 testing said cells for said desired activity after culture in the presence of one or
more second level combinations of said medium components and said
bioactive surface, thereby identifying an optimal second level combination;
(i)  selecting the optimal second level combination, and
25 (ii1)  incorporating said selected optimal second level combination of medium
components and bioactive agents into a culture system comprising a culture
vessel or surface and one or more 3D scaffolds comprising said selected

second level combination.

25. A method for designing a culture system that permits or promotes a
30 predetermined amount or level of a cellular activity, and which system optionally enables

assessment of said cellular activity, said method comprising;
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30 predeterm ned anount or |evel of a cellular activity, and which system
optionally enables assessnent of said cellular activity, said nethod
conpri si ngp 08844A68 03/ 044158 PCT/ US02/ 31167 testing cell sPicarussaBdeéacti vity
after culture in a culture vessel or a culture (a)surface, conprising a
plurality of S I W : . h.nations of
5(i) one or n@?e gé t|In acgﬁ? \f/dé@ggreagttlgf}g%ﬁeggglg%g6%28%1?{&%0@%916%%% erials on
sai d scaffol ds, angirfacé,compesiag aphrralitgwolf 8Drseaffelds, untiegrpenensd foneton areedy
identifying an opti rTabI conbi pation of CAR naterial, bioactive agent and
medi um conponent ; {BPREBEPT ng sai d optinmal combination identified in step
(a), 10 (c) i neor ey at | 18 o Ae 5 BldaEh VBRI BRI CUHRIOR Adr €A mateRals on

mat eri al, medi um 15 conponent and bi oactlve agent 1nto a culture system
conprising (i) a cultursidesfelds,andsurface conprising the CAR material of
said conbination,, (ii) in _cont a‘ghﬁé\%}e .said culture vessel or surface, one

or nore 3D scaff ol HH7i R §oa¢ £ HE} CYBPYRRISCAR material of said

optimal conbi nati ofiereb{ RlcRtbyitbOm cgj)ﬂnm cSBbfhaGet ST ARSI AESAN biaﬁati_vmgerlﬁft hod

of claim25 further conprising: ( measuring the ability of said ce

cul ture system to gdmédiuocopperastie sai d predeterm ned amount or |evel of

said cellular,,acti v'ietC 20,27, The rretalagrqi(%lgﬁé%i m 25q \ﬁ/nerei n said

measuring i s (B rforns n%§/al%8?t'm?lr?glgnlbhng usin mi Srtt%Pg'a g apparat us

opewat i vel y licnkedntdpsititle sdid salétesyiingNcodBinalibieoEARGHatefialc el 5,
wherein said CAR material 1s selected fromthe group consisting of (a)

pol yet hyl ene gl ycoiompengntgng kipactive) aggnigntprasCidisFg SygtenyeOmprging ol y- HEMA,  (e)
pol yi sopropyl acryl am d ! id.. . b N i fh) a
derivative of hyal@r onieacmg@}ea%%él t‘% agfagf g?%lggsclfl%}he%'giﬁgﬁ a??‘?aqggg%émi nation
of any two or nore of (ambifation29. The net hod of claim 28 wherein said CAR

material is hyaluropic .acid. 30, Th thod of claim?22 or 25, wherein said
bi oacti ve agent ccﬂh‘gri JBSOYAC V@Q’c?&ﬁ%‘ﬂﬁ‘ﬁ? VGSSHHEA SYE %‘i’@(ﬁill’éorﬁpg’fcé fRlde n

faqgsor. 31. The method ifinG|.AhRed MnertBhEC ARSAA R SFf's50 DptitlaPEorBhkitich

mol ecul e is
thereby designing said culture system.

26.  The method of claim 25 further comprising:
(d) measuring the ability of said cell culture system to permit or promote said

predetermined amount or level of said cellular activity.

20 27.  The method of claim 25 wherein said measuring is performed by cell imaging

using an imaging apparatus operatively linked to said culture system.

28.  The method of claim 25, wherein said CAR material is selected from the group
consisting of (a) polyethylene glycol, (b) glyme, (c) a glyme derivative, (d) poly-HEMA, (e)
polyisopropylacrylamide, (f) hyaluronic acid, (g) alginic acid, (h) a derivative of hyaluronic

25 acid or alginic acid, , and (i) a combination of any two or more of (a)-(h).
29.  The method of claim 28 wherein said CAR material is hyaluronic acid.

30.  The method of claim 22 or 25, wherein said bioactive agent comprises an

extracellular matrix molecule or a growth factor.

31. The method of claim 30, wherein said extracellular matrix molecule is
30 vitronectin, fibronectin, tenascin, laminin, a collagen, entactin, a proteoglycan, aggrecan,
decorin, biglycan, a glycosaminoglycan or Matrigel™.
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30 vitronectin, fibronectin, tenascin, lamnin, a collagen, entactin, a
pr ot eogl ycan, aggrecan, decorin, biglycan, a glycosam noglycan or

Mat ri gel TWD 03444468 03/ 044158 PCT/ US02/ 3116 32. The net hedTafSozbasm 31,
wherein said collagen is collagen VI. 33. The nethod of claim 22, wherein

said surface is treated,wt n idatij.ve.. DL QL creation of said
CAR | ayer. 34§fThéﬁ%% %%8d8F°@¥%?ﬁ9§%??xg?9ﬁé@ﬁggﬁg%?%ﬁﬁéQ%n addi ti ona

| ayer conpri sijg 5 reacti.ve. eri al. between said vessel or.surface and
sa d CAR | ayer’ actherneBREe SR AL orieirin 950 Shrds Heaht 3 P an Bl et or  al
conpri seslasrPPp¥RtH ¥icaneh 6T Hfd CAR Myd- | ysi ne, poly-L-1ysine, _
poly-L-ornithine, poly-D- ornithine. 36. The nethod of any of clains 22

wherein said {AR | ' ' W42 6k Linokhe
Tot ot of cl ol 22 W T oo bty Sty A ARG Der SrRtg U2 o

CAR 3 ay ereacisreanatercal batweay sai§§essther suefadromhdshiddCARMRBO. wher ei n sai d

bi oactive agent is a growh factor. 39. The nethod of claim22, wherein

sai d scaf f ol d3%onprhes@sthad basleinirad, evlicadin ssieé rexctieeinfatedial tdigprigeoup consi sti ng
of (a) a natural polyner, (b) a synthetic polyner,. (c¢) an 15 jnorganic
conposi t@léﬁwler&}m%yp%ﬂaofﬁaﬁ Iany-é»rlyeay,-qogo;-.b%el.thmﬁd)qlaéﬂw@altbme-c| ai m 39,
wherein said scaffold conprises collagen. 41. The nethod of claim 22
wherein said ¥el | uT}E@rm@IégEOf ey ofglaimp 22 giherimsad CAR layeris treated miithani on. 42.
The nethgg-gk_% giim 41 wherein said cell growth or differentiation is
measur ed ?‘ s ng a detectably | abel ed anti body. 25 43. A nmethod for

praduci ng a vi ce.for assessin he effec n a selected .celluylar
beeiTey? or Bl ¢ umeteaR ESRAT2! Birein B Gopdiie Red B5iEPrabl cnte o

scaf f ol dCARAhfbr a8 BHNOGag@TPr i Sing: (@) screening bioactive agents bound to
a first CAR |l ayer on a first support surface for their effect on said

cellular actiyg ty ik mhethbd bf EFint 90 Wieleth daltebiBAGRRAEENGE a SRIv rREGNT S, and

sel ecting one or nore of said agents that have a desired effect on said

celiutar actiyg ty ThhoflSRBPLbNND SA:kif G Yarft EoRbRRSLInAE. ABERLIS

selected in (a onto a sca 0 genera I oactive surfaces on said
scaf f ol dseleated from the group consisting of (a) a natural polymer, (b) a synthetic polymer, (¢) an

15 inorganic composite and (d) any combination of (a)-(d).

40.  The method of claim 39, wherein said scaffold comprises collagen.

41.  The method of claim 22 wherein said cellular activity is cell growth or cell

differentiation.

42.  The method of claim 41 wherein said cell growth or differentiation is measured

20 using a detectably labeled antibody.

43. A method for producing a device for assessing the effects, on a selected
cellular activity, of culturing cells in a culture system that comprises a 3D scaffold, said
method comprising:

(a) screening bioactive agents bound to a first CAR layer on a first support surface

25 for their effect on said cellular activity by culturing cells in the presence of said
agents, and selecting one or more of said agents that have a desired effect on
said cellular activity;

(b) depositing said one or more bioactive agents selected in (a onto a 3D scaffold

to generate bioactive surfaces on said scaffold; and
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55 WD 03/ 044158 PCT/ US02/ 31167 (c) depositing a plurality of said
scaf fol ds having said bioactive surfaces onto a second CAR support
surface, whasoidqissai d first and said second support surf @cegSonsmsi se
either the sane or different CAR material. 56

(c) depositing a plurality of said scaffolds having said bioactive surfaces onto a
second CAR support surface, wherein said first and said second support

surfaces comprise either the same or different CAR material.

56



