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periods and to give rise (differentiate), under the right conditions, to the many different cell

types that make up an organism. That is, stem cells have the potential to develop into mature
cells that have characteristic morphology and specialized functions, such as heart cells, skin
cells, nerve cells, etc.

[0004] Embryonic stem (ES) cells are able to differentiate into every cell type of an
organism. Unlike other stem cells, they can differentiate into cells that are derived from all
three primary germ layers: the ectoderm, mesoderm or endoderm. Each cell type and tissue
type in an adult organism originates from these three primary germ layers. The endoderm is
the source of epithelial cells lining respiratory passages and the gastrointestinal tract and
gives rise to the pharynx, esophagus, stomach and intestine and many glandular tissues and
organs, including salivary glands, liver, pancreas and lungs. The mesoderm gives rise to
smooth muscle cells, connective tissue, and various vessels coursing through tissues and
organs. The mesoderm forms most of the cardiovascular system and is the source of bone

marrow and blood cells, the skeleton, striated muscles and the reproductive and excretory
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1 WD 03/029418 PCT/ US02/ 31166 organs. The ectoderm forns the epiderms,
the sense organs and the entire nervous system including brain, spinal
cord, andweloB/otdaes peri pheral nerves. [0005] Adult stem celrcs/ushi/sinehave
been identified in the bone marrow, peripheral blood, brain, spinal cord,
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Ci r cunst RhiEEslo8Ealsahe pitabwet al muscle cells (also nesodermal origin) and
neurons (ectodermal origin). [0007] Based on the foregoing, such adult stem
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Unf ort unat el )é neural stemcells are not a (gﬁa ticularly abundant source
because B¥ay SeefarggamrlepOrlic 2w Nedra?! Ellaf {2009@%%0&? fi 4hgV4E8ssi bil ity
for harvgsti e r . undant
and acce‘?s;,]i' %%?94@2%33?%%? hé?%?%éf?%%g%%%%ﬁgggfneﬂé%%ﬁg& lreé Ibgcr1 \S/tggit ed by
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use. [0008] BM conprises a number of stemcell types. Best known anong
t hese ar@egoﬂMnginé??‘in%%?ﬁr@gppW #-and marrow st romal cells (MBCs).
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cell types that populate other tissues and sites Such as cartil age or

bone, hetrad aparascivablespwor of callsdhat diffdrensiald inteamuariety of Regemtuseld fafi es have
suggest ed. that, Lhese BiLstem adlksccan, Hdet, CoLl A AN L oS eaumeny
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cel l's, asfhetlctddiéarldisBares biehGs|Pafkinson’s disease (“PD”). Unfortunately, neural stem cells
are not a particularly abundant source because they reside deep in the brain, severely
constraining accessibility for harvesting.. Conversely, bone marrow (BM) stem cells are more
abundant and accessible. The ease with which bone marrow stem cells are harvested by
simple marrow aspiration, makes them excellent candidates for therapeutic use.
[0008] BM comprises a number of stem cell types. Best known among these are
hematopoietic stem cells (HSCs) and marrow stromal cells (MSCs). In normal mammals,
HSCs give rise to blood cells whereas MSCs give rise to cell types that populate other tissues
and sites such as cartilage or bone, hematopoietic supportive stromal cells and fat. Recent
studies have suggested that these BM stem cells can, under certain conditions, differentiate
into additional cells types such as cardiac myocytes, liver cells, and skeletal muscle cells.
Additionally, BM stem cells have been shown to have the potential for generating neurons

(Sanchez-Ramos et al. Exp. Neurol. 164 247-256 (2000), Woodbury et al. J: Neurosci. Res.
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Additionally, BMstemcells have been shown to have the potential for
generating neurons (Sanchez-Ranpbs et al. Exp. Neurol. 164 247-256 (2000),
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364-370 (2000), Mezey et al. Science 290: 1779-1782 (2000), Brazelton et
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renewal of undifferentiated cells in culture and (b) stinulate themto
becone CSHAPPIAERIOR3Nd angjagsnedd cel | | i neage such as neurons. Such cells may
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gov/news/stemcell/scireport.htm, (June 2001).
[0010] To induce stem cells to differentiate, it is desirable to identify the right
combination of molecules and cell-culture conditions to (&) support survival and/or self-
renewal of undifferentiated cells in culture and (b) stimulate them to become committed to a
desired cell lineage such as neurons. Such cells may then be implanted into an appropriate
site in vivo to complete their growth and differentiation program.
[0011] Although MSCs substantially purified from HSCs can differentiate into NPCs
in vitro, HSCs only appear to undergo such a program when they are a component of BM
stem cells and then, only in vivo. It would be desirable to discover whether HSCs develop
neuronal characteristics in vitro and to determine the factors and conditions for such
differentiation.
[0012] The process of HSC (or other stem cell) differentiation into particular progeny

in vitro requires the action of many factors, including growth factors, extracellular matrix
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neuronal characteristics in vitro and to determine the factors and
conditions for such differentiation. [00121 The process of HSC (or other
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for the gnssemcesdfs. markers indicative of differentiation. Subtler effects
of, for exanple, a cell signaling factor that induces a slight change in
nor phol depIsl  may Hourendy asalableymetbeds fpe assaying celt elisel copdiionsaafhieds are in
separ at I / - U t dto
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number of agents need to be tested to optimize cell culture conditions, it would be beneficial

to have a way to quickly eliminate suboptimal factors without resorting to extensive testing.
Additionally, culture in separate wells or vessels prevents cells from migrating toward or
away from an agent that might act on them. Such migration could enable cell-to-cell signaling
that could lead to differentiation to a desirable phenotype. It would be useful to have a
general method that permits quick and facile observation and discrimination of more subtle as
well as more dramatic changes in stem cell growth and differentiation in response to a variety
of signaling factors. (Such methods, described herein, can be found in greater detail in

copending commonly assigned U.S. Patent Application Serial No. , Heidaran

et al., filed on even date herewith, and based on U.S. Provisional application 60/335,898, all

of which are incorporated by reference in their entirety.)



of signaling factors. (Such nethods, described herein, can be found in
greater detail in copending commonly assigned U S. Patent Application
Seri al Nowo,03l0eq4dar an et al., filed on even date herew t rcTarsd2/based on
U.S. Provisional application 60/335,898, all of which are incorporated by
reference in their t|r 3/02 418 PCT/

Addi ti onfly desi rAa itona, @yéle%'ﬁ‘mfdﬁ agyego thﬁtbqnégﬂbﬁgeffﬂglﬁé?%ﬁ%‘ge rJtcI’—|SCs
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treatment of neurol ogical diseases. SUMVARY OF THE | NVENTI ON [ 0017] The

present disgesdstion is directed in part to a method for inducing
differentiation of stemcells of various types into NPCs based on the use
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i nduce such differentiation: this invention provides
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said regl o and & AN on ce are in-contact with
each of peandaliagucdnsagents drideffabyt oenmaedoﬁsmﬂa}mtd@inahmﬂuMEg agdneonh emgtehat
constitute the bloactl region. [0019] Related to the forega t he
present EHgBItE shface fag ?fgﬁw ¢l ZoNPdiar gHdergrfiptioped h%agethO% wqgéfﬁ

differ qurﬁ%lgggaé}g@sggfﬂwﬂmgﬁ otbivbicl ARAes agghtélth%} Ilﬁ t}ﬁ)ﬁee?aaeag& Bnd

single , such at cells n respo ferences or

gr adi entGARe¢giereand @& déashene Hroactive xegiql, evhighuetnapos ddﬁlhnddmdnw,\wdrdemsang may
conprise different bioactive nts di f ent _.cgon ent.rations. f the
canb by GALR P cagufea e OT LAt S B A e BRI RAT B CORS Yl 1 cul ar
bi oact i wgcragedtd I\Q;:Pﬂ)n§ @ﬁd/ele?e%yesa dsRdUsinB Bickk8NAofeRilefthattdndliffe @t Vi ty,
for exanple, growth or differ ent| ation, the cell can respond accordingly

to suchbgpaghmlreemn Condi ti ons such as these attal ned by the present

i nventi uld n on convention cul,ture urface

vessel s IR ol ReiEE Eimt Brbhouti FERERL [P PRlon el G B YA Rl ong esent
appr oac knetR&dsith Whidhedi feieh Obio&dtive irgfedsSar@jitk tdpot el icd 410818 sﬁﬂwde dmya biagle
inportant in vivo but that are lost in the conventional cell/tissue

cul t ur e celwiervesagh such thaloztip caxeeapnddo diffegencgs engradicnis etyasy resens. (For
differ e%&brﬁf)fe?fﬁxtaggyeﬁl BRRR0L re%ﬂ)qls may comprise different bioactive agents, or different

concentrations of the same bioactive agent such that, if a concentration gradient of a particular
bioactive agent can serve as an inducing signal for a cellular activity, for example, growth or
differentiation, the cell can respond accordingly to such a gradient. Conditions such as these
attained by the present invention would not occur in or on conventional culture surfaces or
vessels when employing conventional cell culture methods. Thus, the present approach
permits detection of signals and interactions that may be important in vivo but that are lost in
the conventional cell/tissue culture environment.

[0020] Examples of gradients impacting cellular differentiation, development and
function are well known in the art, particularly in developmental biology. Tabata T, Nature
Rev Genet, 2001, 2:620-630, described how organization of cells and tissues is controlled by
the action of “form-giving” signalling molecules, termed morphogens, which pattern a
developmental field in a concentration-dependent manner. The concentration gradient of the

morphogen prefigures the pattern of development. During mammalian pituitary gland



function are well known in the art, particularly in devel opnental biol ogy.
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enconpasses by its recognition of the utility of 'distinct Tregions of

bi ol ogi cxpregsiew patiesn wpdes different conditions AlCNS &lorf@@g@ng $ypep ak inggrastiods iane a
pre-dete 11 Thus,

Phe | nvalitieBf BB RaF gyt fulo®huPndt SR Pictse Flrglb o BPERBFEL TR 8- o o

cel s i nha tRepressh@ inveh@LdtichbRpadied byits fb@égrﬁ@éﬂfiéﬂtﬁ@&tlﬁt?fﬂf@@sfnh&geglbﬁ%ﬁe| I's
with ECM nol ecul es, permtting the stemcells to differentiate into

neur onal bigjesigalhy acsive malecudes) sush as FEMieerapaenents, jupsfaposed in a pre-determined

manner in or on a single cell culture surface.

[0021] Thus, the invention also provides a method for inducing differentiation of stem
cells into neuronal progenitor cells that comprises contacting stem cells with ECM molecules,
permitting the stem cells to differentiate into neuronal progenitor-like cells; and detecting this
differentiation. Also included is a method for inducing differentiation of osteogenic cells.
[0022] Preferred inducers of NPC differentiation are the following combinations of
polypeptides with either ECM molecule or other non-ECM polypeptides: poly-L-ornithine
(PLO)/laminin, PLO/fibronectin, PLO/collagen VI, PLO/vitronectin, poly-L-lysine
(PLL)/collagen VI and PLL/vitronectin. Additionally, the PLO/PLL combination was

effective. The poly-D-amino acid isomers of the foregoing may also be used.



differentiation. Also included is a nethod for inducing differentiation of
osteogenic cells. [00221 Preferred inducers of NPC differentiation are the
fol | ow ngwoasieasas i ons of pol ypeptides with either ECM npicaaisoz3ase ot her
non- ECM pol ypepti des: poly-L-ornithine (PLO/I am’ nin, PLOfibronectin,

PLO col | i d
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pol y- D- asfistem aailsdnuosmﬁmnslmbgérimertﬂls&gmpngesnay aI so be used. 6 WO 03/ 029418
PCT/ US02 31166 3%0023L I n_one odlne the thod for |n§+C|n

promot i i§) t hefOBtaHRg HRm;cy li‘Bhac ‘f“r%‘(eé aYing ajspg 60%%1&% race lf‘or cells
conpri ses: ( holRAEARh 26 caaB[B Ahditirghicin el biffeRoriBSelo Yl BlbeBnitit f aCe
with extracellular matrix ecul est at are capab uci ng stem cell
di ff erenti at icelis;tandneur al progenltor cells; and (b) culturlng the stem

o ogeni () caMERng s Tl ek R WRLIA e i SeBigeng o O

det ecti ng thqleqh;nfapﬁ@ggﬂ]@,trbgqg [0025] Also provided is a nethod for
producing an isolated or enriched popul ation neuronal progenitor cells

from st df2del | s, cBwpnetbwnglay(fm’}hecgemamq mﬁels@%dﬂt@@ng ¢he diffgregiidtionr e vessel
havi ng face xtracell u nat fi [0 st hat are ¢

i nduci ngo@? ]rrem cel YA%QF’ ?ev%({eeﬁtlf af eo}}?dtfor prﬁ%‘ﬁragg plresogleeﬁlqr St %h pgp uf(gg

cul turi ngutdh@l progeninektlss e seend ¢ene, couiprisirigent to pernit themto
differentiate 1nto neuronal progenitor cells; (c) optionally, detecting
the different®hti Gi9ntagheg sten cely Inchiigreovesse Spving aguitree widluperselltaogeni t or
cells, using any surface
is pr ef erably coati&g%w\%nﬁ%;ﬁ?ségiet%?%&gﬁlggPﬁu{:al ggg&o@r@%@ ﬁ;ﬁbotn? §‘A
material or agent ,neutil pfogeniyorteellyonded directly to the surface or
indirectly, a binding to an internediate_l ayer which is bonded to the
sur f ace. [002( Prevfiering thecigm H“E{S P aiige swificigab %@Pnﬁah%mlﬂ‘g%?@ﬂgq%e| ,
(b) glyne, (c) a &hfﬁﬁﬁlﬂ’égéﬁﬁ%}béfl (d) poly-HEMA, (e)

pol yi sopropyl acryl am de HA, (g) AA and (h) a conbination of any of
(a)-(9). I\/bst(cpref(mnpa:dly,Qetlew&mg[tﬁé)dﬁjerﬂﬁmnab(mé internmedi ate | ayer may be
selected fro

ol y- Lo1'ysi nddt priprieiBe o Bo{Die A sk prbeiyioe FH ey fmobin means

[0026] In the foregoing method, the surface is preferably coated with a layer of a cell

adhesion resisting (CAR) material or agent, which may be bonded directly to the surface or
indirectly, via binding to an intermediate layer which is bonded to the surface.

[0027] Preferred CAR materials include( a) polyethylene glycol, (b) glyme, (c) a
glyme derivative, (d) poly-HEMA, (e) polyisopropylacrylamide, (f) HA, (g) AA and (h) a
combination of any of (a)-(g). Most preferred is HA.

[0028] The above intermediate layer may be selected from the group consisting of
polyethyleneimine (PEI), poly-L-lysine (PLL), poly-D-lysine (PDL), poly(vinylamine)
(PVA), and poly(allylamine) (PAA). PEI is preferred.

[0029] The foregoing method may be carried out with stem cells, including bone
marrow stem cells (including marrow stromal cells), and pluripotent stem cells. It should be
noted that these methods can also be carried out using any culturable cell, including long term
cell lines that, preferably, are capable not only of growing in culture but which can
differentiate in response to one or more inducing agents.

[0030] The steps for detecting differentiation of NPCs comprise observing or

measuring nestin or another marker of NPCs in or on the surface of cells that have be

7



(PVA), and poly(allylamne) (PAA). PEI is preferred. [0029] The foregoing
nmet hod may be carried out wwth stemcells, including bone marrow stem
cell s (i nwbwdiosggisrarrow stromal cells), and pluripotent stremusetBHG6 |t
should be noted that these nethods can al so be carried out usi ng any

capabl o HHLIER]t el PRy RR s NPCRa i e Prare Py Bl 10

respons&néz@u&ﬂelsﬁa aspedific AftUatdE angbodys . [00301 The steps for det ecti ng
differentiation of NPCs conprise observing or neasuri ng nesti n or anot her
mar ker of NPCs in _or on the surface g‘L cells that hé /029418
PCT/ usoziPlé’ﬂllea stihiginyentipniis algp diregten,io ag axticls pesfy %‘&ta ‘8‘ ME the

culture., %F{tfpéTK%rgQ?ﬁHdeP% or E@%%@tl&@dﬁﬂd&lﬁ@@&i\ﬁ Codiprdsidestin

antibody 0100 vention Is also directed to an article useful for
eval uat i[p1a candi(dpt sippad entfadeaoatet svithed CABroatehaliadingibogndtheratd ht least

differentiation- |ndUC|n vity. . conprising:.. [0101 a) a s t surface
coat ed TR ioRHAgrL SPThfatiAG g ahaseRarRrisesAt KL oBrediiiic: ve
agent, %anaﬁ'&ht 15&&@@@&%&&&@&%%@ orf, WHREEiS Bt GAR nPAGial 0N .E1$R0586 CAR
region and at |east one exposed bioactive region, wherein the CAR material,

t he at Imle@h&eﬂtma)mbm@tlngfrhoﬂmstbswdbiamﬁ@tn of both is the candidate

t | th the at t bl
compr i sl Tar NS alfelet s e rRic AR Pl BT, REb A Bghl Y
pol yet hmhaeﬂalglameh fro(ﬂorhe ?}dmonﬁlﬁ)ngaoﬂh)’pmyetﬁiﬁéﬁe\/gﬁlwdl Sb) ePmep @) w-ghd,  (e)

a

pol yi sopr opyl acr | am de ()) hyal uronic acid ginic acid an
§

conbi natdesivatyre, @Ob‘r' EMA polmﬁ@prma%lgms@ﬁ ﬁrfgy%léroanq #edd,(g) alginic Cacid)
cul ture- atnd Q%Tﬁﬂﬁ AGT aﬁ? WQ{)%@ Br?ﬁfaglbe a%spl%n(gﬁ"tqre tL‘Qa:{' ] The
er a ea ne

article pr as at |oact e region conprising a bioactive
agent \A/rnucfbcemvdnckEtBMCtARﬁmtérmlmrboadgt owth factor. Preferred ECM nol ecul es

are lamnin, vitrgnectin, fibronectin, stin, coIIa en | en I,
col | agerd®% col | éﬁ@@rwﬂle Preferally ihas ataleasb?leﬁ IRty E 7o Fo %‘?%’%%L*P 1€0104]

| thi's ki elien [ AR i Ak DO PRAAC BritrdECRIADRERI Reuafhian

additio I nternmedi ate” which 's bonded directly to the surface, and is
pref er abhtyorwctm,tfd]rowdctm,tdiwtm; oollagerel calbapes 1] @l2g¢n I'h ch@dndﬂecmtargxmet hod
and article, when t]plg tlve region conprises a growh factor, the
growt h fRIQSPEYC4ns onMatrige ry a bone mor phogenetic proteins, epidernal

?;g}("g:‘ fy I@fr't;)g]alr | ner Wk i® Bi@ic Rl the CARERBIdn A} Béibdided arihe rsurfii&ﬂﬁltoﬁgh'hﬁl growth
additional “ intermediate” which is bonded directly to the surface, and is preferably a material
that is noted above.

[0105] In the foreoing method and article, when the bioactive region comprises a
growth factor, the growth facotor is preferably a bone morphogenetic proteins, epidermal
growth factor, erythropoietin, heparin binding factor, hepatocyte growth factor, insulin,
insulin-like growth factor I or I, an interleukin, a muscle morphogenic protein, nerve growth
factor, platelet-derived growth factor, or transforming growth factor o or 3.

[0106] In the article, the bioactive region may be in the form of a plurality of spots,
with each spot comprising at least one bioactive agent deposited thereon. Alternatively, the at
least one bioactive region may be in the form of a plurality of spots, with each spot

comprising a different concentration of one bioactive agent. The plurality of spots maybe

arrayed in a grid pattern on the surface.

BRIEF DESCRIPTION OF THE DRAWINGS




insulin-like growth factor | or Il, an interleukin, a nuscle norphogenic
protein, nerve growmh factor, platelet-derived growmth factor, or
transf or mvog3geawt h factor a or P. [0106] In the articl e, pchaSoz/aa64¢ i ve
region may be in the formof a plurality of spots, wth each spot

The ot WBIEL one e BHCHRVEF Py BrORETH mEBRRSIR B b RRDERY L aP ey Vo

spots, Wittha e€lLidhesioh reststdip (CARN thateridl, fH £ (iakidigvddfeithy, ahd on sgifts ohe
bi oactive agent. The plurality of spots naybe arrayed in a grid pattern on
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HA (i n ofitish cedld gfawing on M@ opesspiehselgfon ovblizdddeéA TVh¢ atbvhent of thel M@spat t he
figures) which was boynd covalently to the oxidiz surface. The MG
used heran R disserped; gellsjame densen at b §dgq of thgspot.y ‘&sg}gég‘%A‘W thersapR&ebY I Bgr aph
of the 3 ' : : an Hal ature
B T
Fi g. 113laghombistphetogeapb. dbk psesendelof aestimis visealived by lionmaino finoteponse {smix)
specific,for .rat .nestin. .Nestin-positive.cells.are stained dark in this
ohot ogr aBrEAmAE 195 srebiod g pe; GRT peoust wiRriPuBiyT; St rostBt detsonce

usi ng a obidieiamsines 1.2eu86h s€0@Nd anti body (anti-nmouse i munogl obulin).
Simlar results were obtained using a 1:4 dilution of M&a [0032] Figures

2A- 2C sHeps2ldi f f er dhgures 242 (oshonclififereptiation of MCHER eddisean esteagsmestdnn cell-j ke

cell i on.an oxi di zed surf ace but not a ur f rj_ne MC3T3
ol 15 B e Pl el el Bt e D SR B el i MGk S port e
vari ous whirk dtilingssd fopfl 1 on 6Xildized MRV éntb iwtich WidtHeeh s dalygadiRmidnpsOcessed
to visualize al kaline phosphat ase, enzyne produced by cells that have

di f f er ed¥at eells werg fvsd évi!b&alémldwdg R%moy?f&d ) vishalighalkelira rhostiaaspaic hes
of alkal 3 &%Hbe%t@ﬁ&ng@%gpweediffééehﬁﬁg@ to’T&‘anfe%‘?lehH&g,‘g}eﬁ%s}%éé g\ }ghglgh

oxi di ze egion, “‘no a I ne phosp ase-positive re erved
on t he Ehivksyend patclobe opalkealinapiiosphiatgsie-ghosieive cglisainmtultiple ldvatensip dicsoxidibel

pre-spotted ECM proteins, in the formof M5 _inhibit bone differentiation
of wm_ﬁfgéw% nseﬁ@ﬁppﬂlmﬂeﬁ_ﬁsermltmﬁp RELS fﬁéfé@wf RENPS ¢ foBats, despite
Convent i pga lr?.pﬁﬁ’ L&f gﬂoﬁ{ﬂé Bh @leeg ﬂféﬂf. O’fl’lie O}ﬁ'@-'s%ot@d%(ﬁﬁhﬁ@ﬂeinrs SRR YRS rME

di scl osed, or exanple, int W ng references: Sanbrook et al.
Mol ecul anhititbnnadifferentiatior et MO T3 beltual (1989); Current Protocols in
Mol ecul ar Biology Volunes I-111 (F. Ausubel, ed.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0033] Conventional molecular biological or cell biological techniques are disclosed,
for example, in the following references: Sambrook et al. , Molecular Cloning: A Laboratory
Manual (1989); Current Protocols in Molecular Biology Volumes I-11I (F. Ausubel, ed.
(1994)); Cell Biology: A Laboratory Handbook “Volumes I-III (J.E. Celis, ed. (1994);
Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Nucleic Acid Hybridization (B.D. Hames et
al., eds., (1985); Transcription and Translation (B.D. Hames et al., eds (1984)); Animal Cell
Culture (R.I. Freshney, ed., (1986)); Immobilized Cells and Enzymes” (IRL Press, (1986); and
B. Perbal, 4 Practical Guide to Molecular Cloning (1984).

[0034] The term “differentiation” is well-known in the art, and as used herein, is
intended to be broad and to include the potential of any and all types of stem or progenitor
cells to produce more specialized or mature or committed progeny cells.

[0035] The term “growth,” as used herein, means any increase in cell number, cell

size or in the quantity or concentration of a cellular component such as an organelle and/or an
9



(1994)); Cell Biology: A Laboratory Handbook "Volunes I-11l1 (J.E Celis,
ed. (1994); digonucleotide Synthesis (M J. Gait, ed., 1984); Nucleic
Acid Hybrwoiozatdesr (B.D. Hanmes et al., eds., (1985); TrameariSot/aane and
Translation (B.D. Hanes et al., eds (1984)); Animal Cell Culture (R I.

h . » ) e ;
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t erm " dichdyeihelte spdcilized SrudRirés; kxamples ctude ardrs, déndeitedspssadshodsioglid), 1S
i ntended to be broad and to include the potential of any and all types of

stem or SBW@@EPHQU@BS andeflagelleo produce nore specialized or mature or
comm tt %Io er ogeny l“ nglhggg > gp‘qn&?c'h% agénqwtsré subﬁﬁn&%cﬁ'g&ﬂ rolofS

any increase in ce cel sl ze or quantity or concentration
of a celgrwvmrormffmemmmbnwwllsas an or ganel | e and/ or an 9 WD 03/029418

PCT/ U802/31166 elo on of a eI | ul ar rocess ul ar .progesses are
ext ensi dM87of t he ‘%i}g’bﬁ)ﬁ ﬁ’é?gqnhﬁl ée%‘lﬁél(:lcﬁ Cglée&“%’trFﬂ g &%

exanpl e S‘CélF %%%fbneﬁﬁﬁﬁﬂe” g@/gﬁ*)trﬂﬁenﬂ%‘? YIGRBERin Bdchhin iS PRSGEK, &Idi ngs, and

flagella i nduci ng ‘agent™ or "1 nduction agent” is a subst ance
whi ch acidberenceporattteneny toawurfaoe iginhibiged nt pravénded. dBascébh the Qrom@ﬁ@s df | ow

ff t t I t I t "cel.l - adhesi
el |- aBeIeTLs Re] Bmcrorsoleoged okt Bt s BRSO f BAICBR R Ce (1 i ¢
pr esencesccerlihg toAHE BFe8R Snhtiéd, hAGHHR g doBntBnSbd Fre@ided inl tHRifbint 86la OF

prevent ed. Based on the Fropertl es of these materials, certain
nacrormlsétf@nee@ ragien af & ecll et deva¢aortvgsssl. kel growthomey/os differertiationarsorasi ng t o

the pr es teﬁ\é r{ﬁlllg{%g b%g? pr%ﬁ%xjtlggwﬁ%%rht ggé/en c%nperr% Iogggef ur}fatcg'\e&' rm of a

C
surface o egl 0 t'Gr & hevitte o Ve h and/ or

di ffer en&m@t tesuffaye OAR Rd@TBIRAGtHW. A MW Bffinéts diayc/m ﬁlaEHr@Dﬁrdnle eh?at dbisatot have
been conferred on the surface which render the surface CAR and/ or

bi oact i \&snerally enablg, pndhproferahly adpbits el attachmenigyadhergnced daws it ARguseiadl] | y
enabl €, a‘?tg eﬁrtg &Fw&iyoﬂ Qéﬂrﬁfcé eaﬁzg Llllld &éfin%g qugf ?f zo@lg %gﬁcg’g?ﬁ“m ?}Hlscellg. CAR

mat eri al or coate on a surface es an I'nes a region
or zone (efadhmmﬂfeﬁlsuancte) SoitabdeeCAR méteriald reduderbut eirt Hmited to fmliy¢thblese CAR

ials include b d I hyl I d
e s ks L b A
f
ST, er e R rauanE Al iy st STy

mat er i alamoéne pgdn&cchbmbmmahty Haydrueghad 4 GARsmmgndndegelmait highiyriyydeophilgh
as CAR .t er,i

a1 one. o PG BTG AT CRREREREH AP S WA S el A6 Bact a5 an
materials, either alone or in combination. A CAR material or the CAR surface may act as an
inducing agent either (a) alone, (b) in combination with other CAR materials or (c) in
combination with bioactive agents that are not CAR matenals. The effects of such bioactive
agents may be tested using methods and assays, described herein and well-known in the art,
for their effects on a selected cellular function such as cell growth or differentiation.
[0038] A “low affinity region” or CAR region is an area on a support surface onto
which a CAR material has been placed, added, spotted, efc. A first region is “juxtaposed” to a
second region if the two regions are adjacent to one another on a surface, or, are sufficiently
close to one another that cells in or on the first region can respond to signals the second,
juxtaposed region or to a concentration gradient between two juxtaposed regions. Two
juxtaposed regions may be in direct contact so that no other surface intervenes, or may be

spaced at varying distances from one another. For example, two bioactive regions that are
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i nduci ng agent either (a) alone, (b) in conbination with other CAR
materials or (c) in conbination with bioactive agents that are not CAR

mat er i al swobh@2%li§ ect s of such bioactive agents may be tesrdbousiing

met hods and assays, described herein and well-known in the art, for their
effects I d |l ul ar I c
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a supporCARunffacethatrit aot dvaiedwith 4¥iRacthvieendterial Bgmrhiesthe plvaced, added,

spotted, etc. Afirst region is. "juxtaposed” to a second region if the two
regi ons 4381 adj aceMlY BWMsHE EbORENP BFFECR ('Rategions And Blogctiysfiegionetit | y

close 1 4n00 ARt ARl Litioh! Ths Ofle bferkdd SHrab&US OBk E@Rith SHARBH £ ©

signal s the second, " |uxtaposed region or to a concentration gradi ent

bet ween CAR lpyex wéymhsed ptaegd opon it, preferaplyxtcad ed ecl atentjly on bowmd/ndneovalerdiyr ect
contact ;so that no other surface intervenes, or.may be. spaced at varying
di st ancQOWIBHWSé%PH@P?SW@S%‘?P& ¥ m%e%?%ég‘isvif i %5518 AgETpYsedr e 10

VO 03/ 0294ukB oRET fdgRAR il fe dFRAR dofith@aforSAR BN b ERE STRRY 03B regn@not her

or, alternatively, may be spaced so that CAR surface that is not coated
Wi th a bhagadnitoee smotlesrivath regpacing ot mapibayeuanmodifadareangf GaBrptin¢ecbetween

rel ati onshi p,bet ween R regipns.a i oactive.regions i.s Included i.n the
scope. oftieh & FialierSe il S CAR IR a ool e Bp eyl YiRE AT

uni f or mthésBRard mp@ifiedhtitinh biasctivk agad so BN tHetsurfRéR fifdladds \C AREBAresOMabRNt | Y

or bound noncovalently, bioactive regions that conprise single agents or

m xt ur edleFctizgeagians (o1 a AR siyfaselaguish ajsyrfaesanay opteangHy dicludy bieagtivhrenlyay
h di f - ' t. £ ' i i
nout ondeGRAY R AR Bt fiaed e B4R or MR SaBRATH AR LERHR Su™

sur f ace rbgibwemay bé pripuretl dnangkineiblegupfade foe ke inellauftie CARCEIRJArGBSIyES €
distributed on . the surface; some of these are modified with a bioactive

agent sdnfpngludes shesfs, shidessdishs|(e.ge §C‘CAP§}&9PM_’ §uliurg flasies. myliwal duderidiges egi ons
(on a CAR3YhiAGE %‘g?ﬁ!g‘lﬂe O'cflﬁﬁd(u%{ewgl‘?s\’ FRfehRA atd Mulieh lg)?zﬂg%ﬁaﬁ/?]r% dgepl Y

regions whith are t e surtace in the absence erlying CAR
mat er i all92Svally, 384egeltmercnay be prepared on any suitable surface for use in

cell culture or in,cellular ays,. .and includes sheets, slid di shes
Cor g, S O 1o Dot 0P Piarien S0 of PRy 0B e Berb e CAR vy
nunber gRseS8Q8BEEH Gna it @1 Br _ hwel havi ng
6 el | e T R o B B T e B ee
used or cohtgd pathtd & HYe(w/ DoebiionrodiAiAowas fould® presiercel ladserémostadidr 3 days. i nhi bi t

CeL L PO B SR S el SR B G ¥ 0,2
Wth a QuBstiatialh dhesDlasiofcubion (Mdrtd, 81.GaHIC. TABSHANCE B@makPESEiat 4 hours
butTne r}%?;n?g' Ed. 10:1107-1124 (1999), incorporated by reference in its entirety).

[0041] In one embodiment, materials having basic reactive groups such as amines or

imines can be used as an intermediate layer or sublayer attached directly to the support

surface beneath the CAR material. As used herein an “intermediate layer” or “sublayer” is a

layer of material deposited onto a support surface and with which a CAR material reacts

preferably forming covalent bonds. Examples of commercially available materials include

PEL PLL, PDL, PVA and PAA. PEI may be reacted ionically with a support surface to

provide amino groups on the surface which are then coupled to a CAR material using

carbodiimide coupling.

[0042] In another aspect of the invention, a CAR material is deposited onto a support

surface which has been “tissue culture treated” without a need for an intermediate layer. As

used herein, a “tissue culture treated” support surface is one that has been treated with a
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substantially after 3 days of incubation (Morra, M and C. Cassinella, J.
Biomater. Sci. - Polynmer Ed. 10:1107-1124 (1999), incorporated by reference
in its emwormstyMis [ 0041] In one enbodi nent, naterials haviPag/usayBnes eacti ve
groups such as amnes or imnes can be used as an internedi ate |ayer or
subl ayer : i | r f e GAR
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PCT/ US02/ 31166 pl asma di s&harlg!e in a vacuumor with a corona di scharge.

For pl asheifetdsMiraragd GELIa v s (Sarstedie dNepaon, Nfcoatasubgsb positively asé ar e

umped 1 el Aol HPwR Mot ploriee Ryl BEGRR AR o

di schar gev4grr eat es 1a ah6tet énvisoddhasBsiMidyeh of @edisdinietlBydrRectasHRIhaysht f ace.
This process creates ne%atl vely charged functional groups on the surface

i ncl udi rfigPRSEH oRtP a tissue paHYe-trspiad seRROFSRYRCYr oups. M xtures of ot her gases

| dded | ' f ace.
Cor oxarui &0 Cd ARARERNG TARREEATRAL e bhESS: il 81 PRl 510
MA) and sGfhdrtsiFiMepr Sadict seopfarysietrits déentinationNE)wintiet siensuppirbsptsk idsalel y

and negatjively charged functional groups that can pronote attachnent of
d a

CAR sub<¥ &fcblaypigsasas andndwdRagenkbodi nent, a subl ayer or internediate
| ayer sygpisas PE ATy 0giyed8nQs bl G BRI & CbIUNE: ippor t
surface.q [0]044] Al terlﬁatllv\?egy, a R ma‘tet eriaasjluﬁgtrah&gceb pCI altgggl{(g%tugeggﬁ@d onto
only a mpdfetts phyodlogeahiiniar proctsesandSultich amayeemneit oy egfence ¢l dibbence. at i on
of wheth t he suig)gprt urface itself or the subl aa/erS cts, as an.i nducing

agent . [ BISASHVeRRRISR, kol ped At rea. 2ane, SieI0D 08 4 pUpROTE Swise fhal SamPHSE ARl | y

a mol ecyld@ed BiBhGVe agbiite HiSach Y aitOgneally HRiIlde Bt & RGEARSRS BISkpREch may
permit or enhance cél| adherencé. A "bioactive region" is defined as an

area, zdetypsptigesdnasnraber synthepph proteing, finadeding antitodies and d8CMrmolaeidesd Any
bi oacti ve
to, pepﬁ?’séi1 S,

is in effect a collection of bioactive agents). Certain polyamino acids, such as poly-L-

ernetx'traglo c(é]tlsI grea t{ijl gen E[:asn sglev%ears %l bli ac“.i\r/]ec !aéjecril? (thglygtht g&c% anpor%palréltggnt ed

ornithine (PLO) and PLL are effective inducers of NPC differentiation when used in
combination with one another or in combination with selected ECM molecules. Preferred
combinations are: PLO/laminin, PLO/fibronectin, PLO/collagen VI, PLO/vitronectin,
PLL/collagen VI and PLL/vitronectin.

[0046] ECM molecules (see, for example) Kleinman et al., J. Biomater. Sci Polymer
Ed 5: 1-11, (1993), herein incorporated by reference) are well known to those skilled in the
art. Non-limiting examples of ECM molecules are fibronectin, vitronectin, collagens,
laminin, elastin, various proteoglycans, glycosaminoglycans and the like. Many ECM
molecules are commercially available. For example, a very commonly used ECM material,
Matrigel™ is made from the EHS mouse sarcoma tumor and is available from BD

Biosciences, Bedford, MA.
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pol ypeptides (natural or synthetic), proteins, including antibodi es and ECM
nol ecul es. Any |ysate or extract of cells or a tissue can serve as a

bi oact i vewagaito4it hought such a preparation is in effect paTasot/enté on of

bi oactive agents). Certain polyam no acids, such as poly-L- ornithine (PLO
and PLL effectjyve.l er Lfferentiatio ; |

conbi nat[%ﬁl W th o%ser?oé%dc;g ﬁ)goracgl?’g{l%? Il\llglgirzrlg Fé\taaﬁiagﬁﬁ%%{% a%&@%%%%% Cul es.
Pr ef er r eld acparticulat ¢onbentaations. FHEN &ver) abitactive @bdritbman albibe intrbitdre of ¢cdigen VI,
PLO vitronecti .PLL/col lagen VI _and_ PLL/vitronectin. [0046] ECM nol ecul es
(see, f(ﬁm‘@ﬁ’aﬁ‘gl @ffgmn@?%w%heréﬂlﬁaﬁfunﬁl%ter. Sci Polynmer Ed 5: 1-11,
(1993), I n i nGgRr str-?%ﬁ)) ay OV\r khoge skilled
in the [gtﬁ?f Non-ﬁ?%ﬂg%ﬁlgsggia%}é{)?fgs 5 Eﬂw’mlﬁg%%llvééé%re faltﬁlrrgngcti n,

vi t r onecbmparedoVitteg€AR regloamifithasamel sasfacento determonesf thediieotl ¢ egensinhibits

gl ycosam nogl ns.and the ||ke. ny,. ECM nol ecul es are commeyci al |

avai | ab%qw%%@?@qr@r}tlagoge:%o oﬁ%“?eﬁs%ﬁ;%mer?ﬁgﬁdélaf an (U QST i s
made frQedR afd iR MRSl BAS £OBMeck BAREN Aitdréntiaf¥iRi Indhbmef EARAEBRent, an

Bi osci ences, Bedford, MA. 12 WO 03/029418 PCT/ US02/ 31166 [0047] As not ed,
a bi oactihdusingpagent ereygnat eornes inthe fotn oif a grasdient of ong ¢r meretdafferentdiidactiypes  and
at particul ar,concentrations, .However, a bipactjve agent so be

ot bt « gaofy G SOy ar B GiRhce, Se BRELI Grteied (LBb gt
functi ong bidaB@ABdgeht’ od AfeperReslintoRterftfatibh bfa bidvveid 28nt. Fubh ARltiidEisr €gi on

of a surface is conpared wth a CAR region of the sane surface to

det er m AEPIpglly siienaterctoiacsllalgepativitiin Howeger, i annther smbpdimeat ¢ patiewes at i on.

In one gFf ' ' ' - ' i : reas a
CAR mat ST REn o PRt Ltied B R BplifioR 3y AeLAPB{E.R AREihs o BN RS B
an i ndunhiby oagenéntake Bidgetidn of@ek grawth bh diffepermiatibn cor @tiad icelnilaradctioing. or nor e

different bioactive reggi ons that are juxtaposed . .on a single surface, such
that cellf®can redpesRentoor dpmaimns afdpigrcmelectlss, hyrigally macregelsewlenwhich

di f f er ences il CAERLHEG é}ﬁs,?lfayaalsl?)' RARSACYiSe PG as intdfilled MGLIG! Epéfexlrecd
typically stinmulatory to cellalar activity. However, 1n another

enbodi ndragnenisart extracelluladhdomaans ofdigagé-bindarg polypepdiesn forexaapleda byand-

j uxt aposi.tj.on,of .diffgrent bi oactive r ionsl %ﬁts to in ib‘iqti or prevent
the i ndi)&dl%dwalew BRI A e O ARl aile. (Bhese e afhegioar

acti vi t ihmairls®QdtFine b8BWE N Sligahd BREBINAS tPlellufi 9&EpitR &Y stch lidanBivhdlihy
macronol ecul es which aré thensel ves bioactive agents, may also be

bi oact i emainsrdesved romtrecrpéats,meayeichas &r isflecing dgent by greemitsganel adidrermeek | ul ar
domai ns _of | gand:.bi ndi | ypeptides, for exanple, a.ligand-. bindin

domai ns 2P Aefive B cellayase EamemBrie pE eLT dranRns b ar Prolgins iaradt on

information and may carry molecules from outside the cell to the inside. Many of the

transmembrane proteins are receptors, characterized by an extracellular ligand-binding
domain and an intracellular signaling/regulatory domain. When a receptor binds a ligand, a
change in receptor conformation or affinity for other molecules initiates an intracellular
cascade of enzyme-mediated reactions resulting in amplification of the signal initiated by the
extracellular binding event. This process is termed “signal transduction”. The surface of a
typical mammalian cells includes dozens of different types of receptors, each with the
capacity to trigger unique or common signal transduction pathways. Cellular functions
including survival, proliferation, differentiation and apoptosis are governed by the integrated
signals from numerous ligand molecules interacting with numerous cognate receptor
molecules in a highly dynamic system.

[0050] Techniques used to understand the structural/functional properties of many

ECM molecules have mapped receptor-binding functions to small “adhesion domains” of
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domai ns" (defined below). A ligand that binds to cellular receptors or to
such ligand-binding domains derived fromreceptors, may act as an inducing
agent by wooowedngy cel | adherence as a result of bindi ngpca/wset/Blisar f ace
transmenbrane protein.. Transnmenbrane proteins transmt information and

I I f t si the cell.to, the,inside. t
(T ans e R piAEa S Bl Bt ‘SThesionomiy of S50k CoateRad i
|'i gand- onghing acid95BwhicRMEE RQuéret idgelerdblpEonsteodhindgs BB pRIingoNai n.
When a receptor binds a ligand, a change in receptor conformation or
i 363217 (108085 Chne mroionaiel

af fi ni t \GrighthoLhdetavnater 48 profotyatcal adheaipn demeinds ércof
R v e et o S
Ty o QPyfieE bR RGPl REDT CATREh SR LR Pinal Qe PBbireq

"signal for estsadihedio ' the BOM snulécabefittbnextint RGO dbs simsertrleh fsunded bs invobleddes
dozens aof different types of rgﬁ%ors, each with the capacjty to trigger

uni que dP cEbATRSHIoBIQ ARYIderagiay f ELM molestiitie (ther saart adhssionunediatipggeptide

i ncl udi sl ivisth BN Rdid 'ié%.tHa%‘Feeﬂ'i&éx&‘ifﬁ%&'%@Eﬁ&%t&%d@éﬁ?fﬁtﬂ?&@r@! e
governed by the iIntegrate signals from nunmerous |1 gand nol ecule

i nt er actThese adhehion domamsptidesnateeact withatetass oficdlestnfaes adhesian néogploys @yladnmi c

system [0050] Techni ques used to understand the structural/functional
pr oper t i1BERS. n%ﬁ&f‘c“ INEEER TRCERONCAPPTIFED IS UPERIEH #B A- WA It i ons to

sl | R0 rh ARMRIVET 163 chaPafd RIS St ddmie o Bersl FLOGE

receptor proteins. use erern a esion domaln®i1s a s

about 3 specifibiguéf redpt@igand anbastics. Mit@ihstrhialige giaanaspdcs dircell setablor
conserved anong different proteins (Giffith, L., Acta nmater 48:263-277
(2000) ) .begides ihgsian pei eaMapipdaigholdategrin ligationdhy plaging peptidgadhesion

arginin i Nes | I §:Fd : 1. el sequence
regui re © %r?s déguﬁétgg%%@%cg?\é@%ﬁ%ﬁ%ﬁﬁ%ﬁﬁ%&%@%ﬁggﬁ ﬁﬁrgaRGD has si nce
been foyedit o be iOthel bieattive agand incldédhdrein arog@wih Getorawhiah ndy &£€M

nmol ecul es. O her shar hesi on- pedj. ati ng pepflide  domains wthin ECM
mol ecul S¥NHEFECH St EQ?{&_ i %%Framcwa%gégﬁsé? ke afllgsiany gwtwgngfawomhese
adhest onyi eraitioR &P bitE Sellullr Hefiliot G whh faciESalyfielly dufdafgeadhesi on

receptors called 1ntegrins. unctional 1 ntegri eceptor conprises two

subuni t gelativeln selhblierdififudibie) p8ptideaionpolypepsides. f Prefermd feaamplgs ofclutlé banechai n and

8 (3 nenber whi.ch perm regt diversj i speci fici f
ref:ept o9 %%?BCI‘%IF&F%I&FGB@}?@? ST Wﬁh@%ﬁ%ﬂ@bﬁrﬁmﬁw&ﬁ@ (E%{ Ogel I
behavi omephashiden QM&SGPEFJPI%paﬁﬁmeW%@Bf @GP, idshfihdulinllik@atdwim by
pl aci ng peptide aéhem on domains” on suitabl e surfaces can affect cell
growt h atpwordi arflbfleit ], 4B aminterlegling amascl¢ momtiogearin protéing aerve\asowddpeter

or ot her™bfrdee G Seftat v b L BOGRE bk st et e B 1"

TGFB), and other factors known to those of skill in the art. See, for example, Sporn, MB et

al., eds., Peptide Growth Factors and Their Receptors, Springer- Verlag, New York, (1990),
which is herein incorporated by reference.

[0052] Growth factors can be isolated from tissue using conventional biochemical
methods or produced by recombinant means in bacteria, yeast or mammalian cells (or other
eukaryotic cells). For example, EGF can be isolated from the submaxillary glands of mice
and TGF-p has been produced recombinantly (Genentech, S. San Francisco, 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),

in both natural and recombinant forms.
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differentiation or other cellular behavior. Gowh factors are typically
characterized as relatively soluble (diffusible) peptides or polypeptides.
Pr ef err eawoxanpd4es i ncl ude bone norphogenetic proteins ( BERP)USOBpilcer mal
grow h factor (EGF), erythropoietin (EPO) heparin bindi ng factor (HBF),

171 crpdsf 2 ORE] e et St oS s iSRGy Metes REREY o1 o

factor lﬁfdﬁaikms; Ittt @da§tnotlBE gmdh @rctmt beﬁs@pir@lrpebl?&afanndnwrrsmé Aiengelpr owt h
factor a or (3 (TGFa, TGF( and, other factors known to those of skill in

the art .know@infhsarbandmps arcommercighy @vailagle.  eds., Peptide Growth Factors

and Theigp cept onsg, herein
|ncorporat§g by re er gﬁ{c‘"é’g%&g]%@gﬁ %ﬁg{f{)&ﬁgm %é%gq%oﬁsg}éﬁ]%ﬁ%%a?

ti ssue ukpogted @ntenCARN@irfabe mdmabcnﬁd:rablymllbwd&tooadhpfwdue&ﬁ Ibymasthammbednant
means in bacteria, yeast or manmal i llsi?gﬁ?\bé t her eukaryotlc cel ls)
For oxar§tee ingegtiidfioassve agnix AVICRD A dehls nihls IMapg- G AriERPIGRentile the and
TG (3 r@ﬁugqgéhl%pduced reconbi nantly (Genentech, S. San Francisco, CA).
Many growth factors are al so avail abl e commerci al | y fromvendors, such as
Si gma CHegssal Co In ofigembbdirient, foBxam@ls, hsaiboordtol whelReradvatoly bidaosvel t os,

CA) , Genz Boehrin r.man D Syste

(M nneagh ?tg 7 & a&ﬁ%?a %d@@, 53‘8“65‘]1%%8“(&%& s¢ rﬁ? (f%’fadmﬁélgm"ﬁ and

r econbi nagtiuh itiout AdteMRr Soh 32 Q458 Aerativel s/ Bdeh@fl frek QRRRIm Qupstemeni Uk

bi oactive agents nol ecules include cytokines, such as the many
i nterl eules edthh@l!nmemot be growth factors per se, and pepti de horm)nes.

h
(06 “iilusheL! - K asiAntedubiify Actac e (R Herdth fRRIETRA Gk Shoofigtediod Bhlafiicy o o

are depnghll@pobiic? sarfidR Must preteried drepdyREEsuppad biyrfales. omchblsxugg&er e
thereto. In another aspect of the _invention bioactive agents provided to

cel I's i rFusfagesgreinithe fﬁmleofgyessebﬁsdeacrﬂwspb@fﬁe(nlasitl@dlsh%s flasks: micEotifetdletgs) 35 0055]
In one %F% Ii:’tuﬁcfge %@T%e?rlbr ”Bm?éac%éffbe d?ﬂig%d;ﬁft c{;%e?"o%‘f’ ive

agents, are a tO a stan ar tommercl a

ser um c coatfadesinmgy c@m)ﬂsb poly(awdwnymhlyhmmhacmyldteyj p@tﬂwmyleﬁamtrmhﬁxalate)
AIternatl m free rredl ppe S defitébed hereln is

used. g e¥r§ﬂ?li°5 vleng), pplystyrsny Pt el ehl eg)he&af{hw TORIEPYIBRR ) ar e not
L a8 o 3G S8,
descri be‘dbmmw@aezpm@son surfaceh 8wt inkcluds ighy,cernil proptylsilame indee glasame also

contemplated.

[0057] In one embodiment, once a CAR region is formed on the support surface, a

bioactive agent is immobilized thereto using mild bioconjugation techniques known in the art

(K. Mosback, Immobilized Enzymes and Cells, Part B, Academic Press, Orlando, FL, 1987,

G.T. Hermanson et al., Immobilized Affinity Ligand Techniques, Academic Press, San Diego,

CA, 1992; S.F. Karel et al., “The Immobilization of Whole Cells. Engineering Principles...”

Chemical Eng. Sci.. 40:1321 (1985)).

[0058] To achieve this, a bioactive agent is preferably coupled covalently to HA. The

HA is partially oxidized with a mild oxidant to convert some of the cis-diols to di-aldehyde

moieties. These functional aldehyde groups can then form Schiff bases with the amino groups

of bioactive agent. Examples of mild oxidants include potassium permanganate or,

preferably, sodium periodate.

[0059] 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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wel | as plastic tubes, sutures, nenbranes, filnms, bioreactors and

m croparticles. Polynmer surfaces may conprise

pol y( hydrwwyemboalisret hacryl at e), pol y(ethyl ene terepht hal ate)l/Uso2/31166
poly(tetrafl uroethylene), poly(styr ene) pol y(vinyl chloride),

T uot  aerot s SRRPre AT a wBRkS ohith - RERRUBHCICkR Rilotblth ™ et 0°
support pawtélfrﬁpz% atrl‘ha‘ged BGlkelatieelgluyiifemtlly spacepylaizbatabartiogigshdpuis spas.e aI o

contenpl ated. [0057] I.n one enbodi nent, once a CAR region is formed on the
support 18980 ace, alhediionstive ggenhmaybe icevalenibthondedis 3 Wéfaé? BOTHRIISHRE

bi oconj i

Enzynes qgngh%g ereﬁiégh s% IJ§Ac ad%ﬁél&ngr%%ég@avégﬁ EQ&HEE&C%@%H éltld%esqme
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San Di ego F. Kar et T | mmbi |1 zatjopn of Wol e

Cel I s. %n%ﬂmrl’é’é"rqoﬁa%?ﬁﬁo f\py geml ma“o‘tﬂ}é%‘l:‘é%m gpatgns Wﬁ%émlt 29319 985) ) .

[ 0058] Fﬁulﬁﬁf&'cﬁﬁfé‘reﬁmﬁactﬁe Qgé?ﬁscérb‘éﬁot%ﬂ%fntérﬂecﬂ)r eferably coupled covalently
to HA. The HA is partially oxidized with a mld oxidant to convert sone of
the cis-0068] s to dA cell dredejideayrboidsposited ommrﬁamrdlsplawag CGARIefyatialsgr oups

th f Schiff b wi t.h t he mno f bioagctiye. agent.
Exampl odmg o RRei s asgif, cliet oty SUHRCRaThe iiin feptreabmeth g i i |
sodi um pebkRRIcand(edRAPbtid Eeli, rﬁbﬁfp%fé&éh @fedmhxﬁﬂ%,ceﬁs DaptaGldaragent is
coupled to one or nmore CAR regions in the formof a circul ar spot, a
r ect angUiuEmans,sats, migs opbeyae sprsicsodn enapreferrsfl embgdisians stem eelip@roesed29418
PCT/ USO@@% 66 ardilf é‘éﬂé”%&ac%%neﬁ’ p@fe%é Béiis%hat%a% %%%% 1‘{g t&‘&%ﬂfe | s deposited

onto a terial 1Tn a S relatively

uni f or mMopnSmanely, inloalturg wiﬁlalalsarg@lvmgh@@@@pé@hlﬁedﬁ@ﬂ%&nﬁat{e@@@l&] THae abd oacti ve
agent may be coval ently bonded to a surface conprising a CAR material to

create Hi?ﬂtffeﬁPlﬁlaEﬂddﬁé?IW‘éel}‘ B’@qlgﬁ@%%@h lackingige mogpholeyednmukeréent r ati on of
t he sa t Iy f@%&q s a
differ gﬁ: a%?%&(g:ttlcl é/%hgg%n({?%gﬁf&g%?%% natS ﬁgf\%ﬂl? her o% IV*‘?‘X cﬁ@a&%%%e?\iéﬂé{ lJ(ggrl?of

grids ordemelhpnnemat drefi fiereitizeive ipotential. §“ametr0}y “tmﬂotermbmntheﬂlﬁ’ehmtthebr oactive

agents are s ed is nte ded. 00 A cel] or cells ma deposi ted
onto a s‘i?r?"i‘cé h?“soﬁfeaf ?\’ﬁ][ i °§“° Iy, @Pe%‘?l@ébsts‘r“??ez%gtg)azh Al t hough

any celly ogﬁéﬁﬁ,r*@,y tl;)stgué%q(jr khe present nethod, including prokaryotic and
eukaryotic cel nost preferred are mammal i an ceI | s, particularly from

humans, (8es8ls, ni c&Eovbrimié Stemypﬁsi (@bso r¢farredhto gsrkt eallsed ES@spate adyne, ofst em

tC ﬁLl Z bﬂlﬁlfus edttea]i \Lﬂ(g gellt stem < 1so|1ated frgrgleemq)r{/c;rgce tqssrrlg " onda n%gcl:tleg mttoh at have

embryos, ESCs can give rise to all somatic cell lineages as well as functional gametes. In the

undifferentiated state, ESCs are alkaline phosphatase-positive, express immunological
markers characteristic of embryonic stem and embryonic germ cells, express telomerase and
retain the capacity for extended self renewal. Upon differentiation, ESCs become a wide
variety of cell types of ectodermal, mesodermal and endodermal origin. ESCs have been
isolated from the blastocyst inner cell mass or from gonadal ridges of mouse, rabbit, rat, pig,
sheep, primate, including human, embryos. (See for example, Thomson et al. Proc. Natl.
Acad. Sci. USA 92 7844-7848 (1995), Thomson et al., Science 282:1145-1147 (1998);
Shamblott et al., Proc. Natl. A cad. Sci. USA 95 13726-13731(1998), all of which are herein
incorporated by reference).

[0064] 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

leave this pathway to become reserve stem cells that contribute to ongoing maintenance of a
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continuously in culture while also giving rise to specialized,

differentiated cells. They are wundifferentiated or relatively
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el an0C Yt OHE EARorgakl 1 S PRAETM afd d1toRbndrdSE 6381 FEABHEN 1A escent

and nonreplicating. In contrast,” |inéage-commtted progenitor stemcells
are capa@bn@astb,fa “‘gaylfipotertfi é{z%lgmratWOM@elés ofi ali theeg CINS$ dineqgan bef ore
progra senesc ni fests

be furt 710 | assi fi oéldmg% mﬁﬁ)mgf 8 igrlofgfﬁl %8%8{ %é‘?ln]? eb%\?é%?srtg ﬁ‘?n;'(’%%hlﬁ% ggn
herei n "mydbldspaifemisciet eaipsiehOddigodldsscells @F AUipbde tisthe ubRlotent ¥iRRArodehidi N a
cells and osteogenic cells of the perichondrium and periosteum, respectively; oligopotent
adipofibroblasts of adipose tissue; and oligopétent adipofibroblasts of adipose tissue.
[0068] NPCs also termed “Neuronal progenitor-like cells” (NPLCs) are cells are
characterized by the expression of nestin, an intracellular intermediate filament protein.
MADs specific for rat nestin have been produced, e.g., RAT 401, (Hockfield, S. et at. J.
Neurosci. 5(12):3310-3328 (1985). A polyclonal rabbit anti-nestin antiserum has been
reported to recognize mouse nestin (Reynolds, D. A. et al. Science 255:1701-1710, (1992).
[0069] “Pluripotent stem cells” are stem cells that are capable of giving rise to tissues
derived from more than one embryonic germ layer. Pluripotent stem cells are not committed
to any particular tissue lineage (“lineage-uncommitted”) and can give rise to cells of
endodermal origin and/or mesodermal origin and/or ectodermal origin. Pluripotent cells can

remain quiescent, and they can be stimulated to proliferate and are capable of extensive self-
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| i neage. "Unipotent progenitor cells" formcells of a single type.
"Aigopotent stemcells" formcells of nore than one type, but not all
possi bl e wpmas294m8 t hin a |i neage. [00661 To illustrate, tmRreTT®OUBHGCEN I al
nervous system (CNS) conprises three primary cell types: neurons,
astrogli o rqgl.l a. I t | t.ar . Cs)
give ri srgn%qe yle?%ﬁﬂﬂlﬁ\c/iglre %%?%%h?%‘tg&s?@gpéé{ny%éﬁggmnéeaﬁrggﬁ&(%d? tagg‘ll\LP

ast r ogl ilmeagd-t@nmitted progenitgosttis doagh siaglectdnesit aky figo dotiag thelPiEs span gi ve
riseto (,Sg neurons of a nunber of different neuranal _phenoty%%?e(e.g.,

sensory 1d ar%Bt"BWEE?‘BHﬁ‘imbH’Bdel‘i&e POUESE PHGNS %Y%Precﬁucéﬁ?ea&e?ﬁe_ neur on
and one jh¥ped ¥ c@hiftlto ﬁilcu'l'ti’cuef fibsal liﬂéégeﬁgbﬁgot@ﬁdceﬁg hQAARRAE GRkdferRHLS SOt
neurons. I n contrast, mul t 1 pot ent C generates progeny cells of all
t hree CNidehgmgmegidic prégd@dicalon-1imti ng exanpl es of progenitor stemcells

i ncl ude uni pot ent osatell.ite obl asts of e; .uni.potent adi pobl ast
Lol o P St en" B8R BmBadimett ofTHE Bieditl Pl - C ARG ER B A E b adien e ool | s
of the p@EhsBRNES e B MGy a‘lﬁl'itit)/%h&lémstehﬁé:e@leiﬁ&ﬁc\f ¥genRl | gopot ent

adi pofi brobl asts of adi pose tissue; and oligopotent adipofibroblasts of
adi pose [0073¢kue. [ O9@BlimNPEExamples oéphwgotenetierosalls e threstem oelld frm the| | s

(NPLCs) cells are . char i zed the expressio f nestin,.a
e r aoel UF RBlaIhoRiE stk BRTHSICSF Fombont HanSSRRETMHeT oMad R btbi®F oo
have beeaardbloddicad m®rodv strd’bal célslfroth BMKAE @bed, hefein,&he &fm ‘Dbone NeHHASEm

5(12):3310-3328 (1985). A polyclanal rabbit anti-nestin antiserum has been
ingludepralbsiemseldedesived friemy the 3 ds, D. A et al. Science

repor t edelly
255: 110%0hfit0: (198Rhsscd BORRL, cBIULhBRLENbISh Sraehdde Al B BEEGE | S that

are cap e of givingriseto ssues rrve r om 1nor e
ger m | aygpes. PIS@sitpoe elsd bedreshooaltd diffsrentiacd inaomiintotieil-bloed edlytypayrincladingr
tissue |]j neaqe ("li nea%e-uncomri tted") and can give rise to cells of

endoder Y°r 81sgnd ngwarscelle ek Fa beoiderfifipdaliale ' 296105 QuFiHed udpg ynale
FlLUn ! POtsithed Riicers R BombRTbS dLHeSH ASifreRAlytbd BYCE REIAE PLAGHIANRSNL O

proliferate and are capa extensive se
PCT/ US02+181, 18834 andri¥él cledsill(e gr, enmiaei He2K) amddgéc—kmwﬁrie’agenhaﬂd@fs.l riheed ent

stemcell s can generate. various ,lipeage-comy.tte genjtor cells froma
i ol 6 CFUNERTT R Foral BBy e T | 1 Svege ol e kG Lo E Bocur s
under t IESEIBoHRREE (RidedSelTredBNa®) fothd HfSinSSLH shim& ShorteGyeddst 0 commi t
to a particular tissue |1neage, pluripotent cells assune the

char act exeliferagesfopp limitedalurpsionp dongtarmpldgehavedrigitlsvels of [ad@nerasd astivitp

enbodi of the present t hods.. CA tern and bi oactive ents are
oot o Tiorfiralele s EREE AR Bain ol Rk & SR P BibadepoB9 11
Non- | i madding nexleoides 3o e aplisir PO bf feldnersR! dctvity B chi@cgtisid 6€l |s from the

undifferentiated, dividing cells and of cancer cells. Differentiated, human somatic cells have
no detectable telomerase activity. Short-term HSCs differentiate into lymphoid and myeloid
precursors for the two major lineages of white blood cells. Lymphoid precursors differentiate,
inter alia, to T cells, B cells and natural killer cells. Myeloid precursors differentiate to
monocytes and macrophages, neutrophils, eosinophils, basophils, megakaryocytes and
erythrocytes.

[0073] The present invention includes use of HSCs, preferably long-term HSCs.
Preferably, HSCs derived from BM are used. The BM cells may be use in unfractionated
form. In other embodiments, HSCs from BM are partially purified, e.g., at least about 80%
pure, more preferably at least about 85% pure, and even more preferably, at least about 90%

pure.
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CNS, hemat opoietic stemcells (HSCs) from bone marrow, peripheral blood and
unmbilical cord blood; and marrow stromal cells from BM As used herein,
t he termwbane293es row stem cells” includes all stem cel |l caarsoyaded rom t he
BM [00721 The HSCs are those cells which are abIe to differentiate into

?ln!t oblngﬂg%ﬁﬁod ceI yop%H%rorﬂ% @? ﬁg@%%%?r tso 3?1500 ﬁlé)ﬁ r on%lE Op% el?lf: Sgnﬁs\ég

can be icdHafrom BN, whisk|iabad, gineties torastdobites) cusmdidcﬁemgh@adlﬁwyie'scmsmsr kers
or conbinations thereof. Undi fferentiat ed HSCs express markers including
c-kit, c@BkessRaralpsiremHSCy by thely greater ahlityto 4@2@‘0@%@ s@kakHown | i neage

mar kers se A . r ki nds
of HSCs [a-rl;gle knomeﬂttg)rgs elglﬁ%rﬁ{-lggcl%%gl%?? e%@e%ﬁ%ﬁ Xlesdelgecflfl blr)l'l;ehr%e%’) for

the Ii femlndmgf:loaal;mpulmbns &haerh el m HSCs  proliferate for a linmted

duration. Long-ter ave hi evel s of tel onerase activity. )

Tel oner 446} s an eﬂ’]fme?ﬁ&Ye‘W@Pg@u%Feﬂtvﬂﬂhth? rramplg of pat M éF?Fb?Fty%(?HEIS

(t el onerigghdedd¥ endsifibdigall H&hﬁﬂma@lmtsen{ Msemnmaﬁﬁﬁm&mﬁfceﬂseahﬂrfﬁ&ase

activity 1s characteristic of undifferentiated, dividing cells and
cancer qbgey cBi bé okted faore dhe televant tisewra(of bumens, soirhuman ponmes es vvaljlae

tel omerase act.ivit erm HSCs di rentiate into | ynphoid and
yel of d TP BtipEsHline Jefc BOTHE RARTER onf HERGRLPIOReRt o bl ond cel Is.
Lynphoi dogafecur sondettlbds (ﬁﬁﬁﬂﬁtirﬁgtﬁem ckild £8 wllikdowh 9 theG®! dndl, caBbe bnd iand
natural killer cells. MWeloid Erecursors differentiate to nonocytes and

macr ophdgesxampdil: spmntm Noo 5 82R3phtcene elofhi e, CalbBetchPind 94 5253
th T t I f bl
ong. t oty PR APy uaRt ol oS ot thistr B kYRR Bl &

may be 589, 1993unfracti onat ed form In other enbodi nents, HSCs from BM are
partiall &UFUH fied, e.g., at |east about 80% ure nore preferably at
| east aHPATBl 85% puihs Prepsat iBvamionslse nEddesaethgds far detegine thepigseseod pur e.

18 WO O W refer
18 0 O R8AARRETLISAR: IARAy L AREA ORI BLBONEY SR i BN el er
ri se to stsi eﬂbgmmh oclivmage caymémenarthequeseatytihod ni@(]‘ze usedito faethaepar at ed
from HSCg X t.hei reater, abilit ﬂrhere to l.astic surfaces. [0075]
The preSBARCICAGEH }nﬁ‘b‘?‘ﬂaége’{‘@gt%‘ﬁe‘& ¥ adedring npg #enkt em cel |

popul atiigfte) | ncl YoRgeRboNHenPSIRKE HliRBDS Bl tbem fiebdon L BREAL Be present

invention illustrated wth the exanple of rat stem cefl
i nt endeditastivnagemizaa's spiticd watoradur fane Blhicmhechbeei plspark&wmhla GARBMtetiam cel | s
and their

coupled thereto. Cells are placed onto this surface, and, after an appropriate interval,, are
observed visually to determine if cell growth has occurred at bioactive regions or at CAR
regions, thereby quickly ascertaining the effectiveness of the bioactive agent being tested as
an inducing agent.

[0080] An important advantage of the present approach of creating multiple different
regions in the same culture vessel (e.g., a single plate or a single well or a multiwell plate) is
that cells are permitted to migrate to a location in the culture vessel which they prefer. For
example, cells of a particular type could migrate to the spot or region that displayed the
appropriate (1) bioactive agent or (2) CAR material, or (3) combination of bioactive and CAR
materials, or (4) a region having a particular concentration of the bioactive agent or CAR
material.

[0081] Cell proliferation can be assessed by various techniques known in the art, for
example, by staining followed by microscopic observation, or by turbidimetric methods,

spectrophotometric methods (including colorimetry and measurement of light absorbance at a
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progeny can be isolated fromthe rel evant tissues of humans, non-hunman
primates as well as from equine, canine, feline, bovine, porcine, and

| agonor phwepeoeass [ 0077] Met hods of isol ating stem cel | sPamra@SemBileknown in
the art and can be found in, for exanple, U S. Patent No. 5,827, 735; Young
et al, In Vitro | | vel Biol..29A: 723-736 1993).: .Roger ., Anmer
Sur geon PRitiéplas ey Blonethf KGumiiavig? At mdatd Ben pQpieh ARG Rugde 1 665
[0078] TBenter, asanirememesTiotanceliuke DIN A whdlespioriik) atipedte 8LAreeltdtical ekl
presence of rowt h i nduci ng agents or_ particular differentiation inducing

g { o
agents, (g Cloglter spnter) piolumiarscende, PrdBeHenficagiopwioxids, oKy SREGBSBBRHAN ment .
The presg os[%ttﬂpﬁlc}sgﬁyte?ﬁTFfﬁ%dﬁ&ioB‘Urttﬁ'beﬁke.Char acterize a known i nduci ng
0 I'denti a new

agent or e uci ng agent. [0079] In one enbodi ment of the
met hod qéostihe pr edwififierantivtésti maynbe asspdsed BY expresion dnabast(e.ge néjeAt s are

spotted onto .a surface which had been prepared with a CAR nateri al oupl ed
t her et o SXPRSFiaatRmpnoleggal plysis and histacherbical apalysisapt ‘@mt&??tlé’BbFl“t?EFroif-a}g%r

i nterval examgfeetogd%?éﬁﬁx‘(eexghé{h%a\‘%a'rthutlé? b‘i’&afcﬁ{/ﬂié%bgh [N %allﬁrgﬂ Bvédmiiagigccur r ed

at bioactive fegions or at regions, t y quickly ascertaining the
ef f ect i vieresfSndices bell diffeeantintien, age may healyze ¢xas¢seidnad nuceiciandaci ng agent .

[ 0080] An inportant advanta of the present appro of creating.nultiple
G 11 of e APTeFHBGHBRL P B Mo aRs i S EBLITEE Hell kaowp g 2Biidde or o

si ngl e Wedihd4mplifiBatibh %kﬂod@k@g,eﬁollk/ﬁera_watai&?éabt%@%@aﬁﬁ&igplgéeﬁ@nt o mgrate
to a location in the culture vessel which they prefer. For exanple, cells

of a parenipdification, yise) asUtybridizgtion ef probe srauenass sunh asdg Nerthemeanalysispl ayed t he

appropriate, (1 | pact i ve agent 2) . mat eri al .~,0r comhi nati on of
oy bact | SRBhedk Rl il TNPERR pRYs il TP RGY Mo Gon by AT
concent rgahésOMIBmdthR1Ditaapbdsitte RARAEratd cIMMR libfaies bt & obsERQ&ifferbidl
proliferation can be assessed by various techni gues known in the art, for

exanpl e dispaysafgenesihatiase prressed fongxampds dpstemase cobt deiyed dfonpstem cells,

bnd moa ok End B U oo BATLHARILLATEM) CARIBHR AUMTHER, G TRE Y
parti culdisclosed aéreing tHor exarople) Nothenh blotsawers wkadmwtBskse tel preseticd @frmRNd/ or
automated plate _counter, measurenent of tot alfet}?leel | ul ar [%NA and/ or, protein,

i npedandEnrPAHofaN¥eacRIncad Yy kgeneyasa megsyrs eldhe BRI 9T MIRESTERE Rescence,
(ATP)  prodiiersrs SeBnINIGHE (2 fop BYaglle Ay Pr TR om R ek o by
expr essi[ens3lanal ysiAddigomplly, asRiément of the binding of an antibody to an antigen, the
expression of which is characteristic of a cellular phenotype or differentiation stage, is used to
assess differentiation. As used herein, an “antibody” is any immunoglobulin (Ig) molecule or
an antigen-binding (or epitope-binding) fragment thereof. The term encompasses polyclonal,
monoclonal, and chimeric antibodies (the latter of which are described in U.S. Patent Nos.
4,816,397 and 4,816,567) as well as single chain antibody molecules (also known as scFv
molecules) (Skerra, A. et al. (1988) Science, 240: 1038-1041; Pluckthun, A. et al. (1989)
Methods Enzymol. 178: 497-515; Winter, G. et al. (1991) Nature, 349: 293-299); Bird et al.,
(1988) Science 242:423; Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879; U.S.
Patents No. 4,704,692 (Ladner), 4,853,871, 4,946,778, 5,260,203, 5,455,030).
[0084] The present method comprises examining a cell sample using an immunoassay
that employs a detectably labeled antibody sufficient to recognize and bind to a stem cell,
differentiated progeny cells of stem cells, or tissues that comprise such stem cells or progeny.

[0085] Methods for producing polyclonal antibodies are well-known in the art. See,
for example, U. S. Patent No. 4,493,795 (Nestor et al.). A monoclonal antibody (mAb) or an
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expression), inmmunol ogi cal analysis and hi stochem cal analysis, or

conbi nations thereof. For exanple, to determ ne whether a particular

bi oact i vewagent941€CAR mat eri al or conbi nation thereof indwecagSopbiice
differentiation, one may anal yze expression of nucleic acids correspondi ng

to cert g : hods for ,such j . n i . rt and
i ncl ude%}gﬁﬁﬁﬁl ?ic%ﬁgf’%\%tr}]wér%grto 0ds b(: @??%?@T%P ggslglo\({:\lﬁfal#lﬁtﬁ?gac ‘%@R,}‘H@P?and

di spl acaeshnblogagté, fforcadahpie, Hatttow, E. @andl., Muabbdies At Ladbrabryvohal &xdences
such as jn Northern anal ysis %é§anbnook et al. supra).. Northern blots
exani ne Yreg dlashardaberatesy Press 1@§PHH&HHBR%)NY§&?£‘Q,. which & IRSRPBISE it s
possi bl qle{.e@ngﬁp&&%& CDNA libraries or to observe differential display of
genes that are expressed, for exanple, in stemcells, cells derived from
st em celjbms] bef orlr caadmbbdiarent dpqaeseacd of kdifferentiated uelk expuaysinGAR epetdsy | al

and/ or bioactive_agents di scl gse erei.n. For.exanpl.e, Northern blots
were uséd “%tﬁregs%%@’f eFFéteglrstié’saeqFé%’t‘g’?y ﬂ’ﬁ%ﬁd ppp’éﬁé@}qbf}ﬁ}é ggqmﬁﬁ%é?ff(??eé’ﬁ’d MyoDl

genes asraeBRSHY & Hlabdla ﬂrﬁﬂé\;r\%fah%b fan@4QReREDB Blabdled®secBhddrl RRYIRAYL stem
cell clone (see for exanple 01/ 2167, incorporated by reference). [00831

Addi t i orsaedific fadheksisethpe of the bembinatitingdy f Tamprestnich ofithetdoteatablyriabaieh,  t he

expression. of which |.s ¢ acteristic. of a cellular nh t.ype or

i 1t or erfnagagtiiof o e <E00) B3R SR au? afpeiuf mAlRARA RS Fle orbe e
an " ant igagflar itypedTHabeMUKIO gtc8Eiteiof ahtithdyHRLES Y tBe Q611 isaRdidatiie@ENn- bi ndi ng
(or epitope-bindin fragnent thereof. The term enconpasses pplélégl onal ,

nmonoc| orséffereripdiogh Use of @ methadgbatipssmits measusanaant ob# bowidoantihpdy Wasertpised i n

U S. Patent N . 4.81 E!ﬁ 4, 816,567) as well as single chain antibody
nol ecul ehg%réll\@guﬁl(%%\i/\%%ﬁegc vgg%l ecul es) (Skerra, A et al. (1988)

Sci ence,[008#0: 103ArkWdy 14Bk1sahdsh bommBnly&imbyed(atOBdlonubkdd3peisyinegy ol . 178:
497-515; Wnter, G et al 'gwghéggl) Nat ure, 349; 293-299); Bird et al.,
(1988) dWyorsseds yich/ffupresop sthgm exposgd to yltrggglet bghiclunNpgscersgngddhe eg. . Usa
85: 5879; r 778,

5. 260, 2030y RuofBesr pde Aot ABR e i hcldng Aol 2 cel
sanpl e ubodaming) auramingdxzayRed, AVICAihoysl hudlfer ¥etlals] Wdthdudslofdognpatingdy
sufficient ecogni ze and pj nd t stemcell , differentjated progeny
cel | s ofthese dbelsipp oteigs a@i%@ﬁfé@%i’f&%ﬁwﬁ%@m Aty S IFCied) g $r¥heny.
[00851 Mphiiads Jrofy, Prodhpciggs@otiyelsang! “pattpydi ey are wel | -known in the
art. See, for exanplé, U S bPatent No. 4,493,795 (Nestor et al.). A

nmonoc!| orédssiant i bodinzymalbetsrarahkGaisanehid/apd 04i Be STtedSoR A df3Be preatntiyhai n

derived therefromcan be pr red.usi convent i onal t hods and hybri doma
Fechnol Gb Pe RS §RR. S BrrEoRnsstre Bt Mot HE B | FiHEmAN abor at ory

Manual , c@ﬂj'ﬁ@ate@ﬂf AEhtiHREY Of a patiGledlyGtctiCh &hth bridgink melktules fiRhROT , NY

(1988), which is incorporated _
carbodiimides, diisocyanates, glutaraldehyde and the like. Many enzymes are known as
detectable labels for immunoassay, preferred enzymes being peroxidase, 3-glucuronidase,
urease and alkaline phosphatase.
[0089] Cells in culture can be treated with an antibody to a differentiation marker to
determine if cell differentiation has occurred. Antibodies are known which identify cells as
neurons, bone cells and the like. Non limiting examples of antibodies useful to detect markers
indicative of a particular cells type include the following: mesodermal markers indicative of
muscle (e.g.,. myogenin [F5D, Developmental Studies Hybridoma Bank (DSHB), sarcomeric
myosin[MF-20 (DSHB)], fast skeletal muscle[MY-32, sigma] myosin heavy chain[A4.74],
(DSHB), smooth muscle[smooth muscle alpha-actin, 1A4 (Sigma)], cartilage (collagens type-
II [CIIC1, DSHB], bone (bone sialoprotein [WVIDI, DSHB], endothelial cells (endothelial

cell surface marker [H- Endo, Accurate]); endodermal markers (a-fetoprotein [HAFP,
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herein by reference. [00861 In one enbodi nent, the presence of a
differentiated cell expressing an epitope of interest will be detected by
a det ect awby3lozdaes ed primary anti body agai nst that epitop@cerysoz/pried er ably
by an unl abel ed prinary anti body and a detectably | abel ed secondary

ant i body fs t esence
of the e@@?‘ﬁﬂ b{ail élpﬁ{[%%tl?’boc}x ﬁﬁgﬁ{l} t@&erpﬁl Hﬁh%/ersa@é R ;lséggrgg{ usi ng
any approens [E@IESEFME)S)HBE hebtin H{AI)@OlfIDSHBpnedrMs [SAarID$I€B])aneurg'fpiemefﬁtsl abel .

This pr nce of antibody bound to the cell is indicative of
differe f&gﬁggﬁBﬁse of a method that permts neasurement of a bound

ant i bodyody a1 SO UREHERmIIEY Ekibe Yol HhdsaR kB hdEhdIg @ diftedi iaridh 00871

Anti body | abel s nost conmonly enpl oyed are radi onuclides, enzynes,

f 1 uor escarch cwtrawibndtica orchsiegownbrengrlaeasdngd spidbiyrcellippbazssesi ioghdng pblugbn@s cers,
us suitable fluore nts useful as | ahels are

dth I t
Ko il Bish R o el b At o RO PEs e prdince RN e

and Lucirf)@ﬁdex%dlmclé\é?édm&ieafefarueugmthraeeﬁthmﬁclleabe{ drRuPkalRERRsar e
wel | -known. Preferred radionuclides are selected fromthe group consisting

of 3H, 1adicatglirer RS themEserBe of muhmcieat@é Hacarpng brmuwiemcturfs)oe@ate Enzyne
| abel s kevm se the sently
utili ze%i(elg{ or Fre? ra‘lkaﬁmg }5’iel(():stprrﬁ%tfil eozfc(t)lr‘ﬁeaE e mélczﬂ? ﬁ%r%el @%ffs ke ntl cﬁﬁfcﬂlues

enzynmne |1ﬁecq}$1€a|l‘ljoﬂ usihg dilv & nithate RialyADdbe@sedtofidértife benéodﬁfﬂeﬁaaﬁaﬂl@n Wi th
bridgin ecul es_such as _carbodiimdes, dii socE/anat es, I ut ar al dehyde

and t he%qs‘kle Manylherpsthedsofhis iRyrafian isusefid fardetastiag F%’@Ids $rences REiiissassay,

preferr line

P ot har Yodh FRee R HOMARN. plectnlalfitd SALESafhor W EBSGCAT Au6R 1 1

di f f er entnifatrh envinamkeat with regpetteo wthee celf cudeird paiarhéterseamﬁloahdmnnm aehioccurred.

Ant i bodi es are known i ch |de nc“(f cel.l s as neurongj@l ne cells a d the
t

i ke. NORAPIFHTATRAGSeR Qhoadh ard/en piiaton pfgpily undsr wengs, phplurality
i ndi cat 'o‘f?ndﬁfcm? a%@ﬁtg 'oP %Iﬁ&nﬁt‘rﬁdﬂssthéré(&ewhﬁ&}n'dgﬁalﬁlﬁg okt IVQI‘MH“& cofgaRdatial

mar kers i ndi cati ve nmuscl g.,. hyogenin Devel opnental Studi es
Hybri dormrrmmtér@&iﬂyon mfavlndnmentor amytmnampMéf agen(tsDSHB) in a deagtd sitedme,al

| e[ MY-32 i gna sin hea in . 74],  (DSHB), snpoth .
misol of Soct SpriHICERRribp Rieal B dhfrei e Wi 4 cort DR S BOA Masiiy ¢ ype-
|1 [Cl| GlageDSHB] , bone (bone sialoprotein [W/1 DI, DSHB], endothelial cells
(endot hel i aI ceII surface marker [H Endo, Accurat e]); endodermal narkers

(a-fet opWQ%lel n [ HAFa,pr@fgrrmxomcbmgmBlvbemusbsza@me@ctemth EQM]melgtulprel i al
cel I [ H'Ar‘g's% ting 1r[1)§hHBA1}feren 1at10C1i[ c(>)fqﬁe gam c”ﬁs nto ﬁlP(?e g., neural precursor

[0093] In another embodiment, HA is coupled to the surface of a culture dish and

The

ECM molecules are deposited onto the HA layer. Stem cells, preferably BM stem cells, are
added to this material, resulting in differentiation into NPCs. The latter can be visualized
using an antibody to nestin ( a marker for this cell type).

[0094] In another embodiment of the foregoing methods, HSCs derived from BM are
used to produce a cell population of at least about 90% purity prior to contacting with the
modified surfaces and subsequent differentiation.

[0095] In yet another embodiment, the differentiated NPCs are enriched or isolated
using conventional methods, including immunologically based methods that employ
antibodies specific for NPC markers, e.g., nestin.

[0096] Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by way of

illustration, and are not intended to be limiting of the present invention, unless specified.
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cells [FORSE-I, DSHB], nestin [RAT-401, DSHB] neurons [8A2, DSHB]),
neurofilanments [RT97, DSHB]. [00901 Hi stochem stry can be used to assess
cel | norpwoloogyand di fferentiation. Such characteristi cecirnsosaes ound
central areas and spidery cell processes or |ong polygonal cells wth

intracellular fibers as an indicat ES% lﬁi’égﬁ peuronal phenotype; the presence
of small rounded multinucleated o ted cells wwth a central

nucl eus andgperipucl ea Ve igle ' tc | ver cells: the ce of
mul ti nucl eat@B& - st r&ﬁ%ﬁ%@%’-‘&—&%ﬂ@%ﬁﬁ% scl e;
al kal i ne phosphat cti . bone_.differenti.ation. Calcium
preci pi t%07lon usi 1%?’13\‘/‘51\! %ﬁymwﬁ@eﬁ&f erqnligtion.of apqp %wfld’éﬁf)’i‘??a‘%‘ﬂe

di ffer e@té;@&agr(whicm%’Mntaihﬁlaféatmpfe% {hh Sb& RO MRT:s) Hitd RBLYwHERhe
detecting subtle differences between two inducing agents when the agents
are prestm ecllsare allsxrmlea surﬁqye bearmgrE(éManclueeldca a*hgordvedrtrr enmaolpilifal m

i t | | di t
s Comunedl B8 nBRRE Gl it Gt rtascd Pl ReR R e BRCBAEE S under
t he i nf IcyRdiEEnHfand wihlel 'E:@x'nbir)éd wath thshaed dtlls 2GRIES oﬁ’HAGﬁffhicB@élbﬁ’é‘ﬁlatt fer eof

whi | e mai ntaining other variables constant. This permts determ nation of
whi ch adehsupplenacaias widl E6H srolegglepk s result in a desired outcorre e.g., a

certain unt of ey to a

ot Foul GRS o0 BNIGHhaRlestll Rl R Fertls BT BRGNS A5l ALY in0!

cont act @Hosghiate-BEMreddatiae tM) Cel$su\k/éﬂe@@sseﬂ tﬁrb@glﬂa §d‘reafrﬁatrexﬁbwm lﬁéaktd’pa stem

cells into NPGCs. fH} 00931 I n anot her_ enbodi nent, is coupled to the surface
g

of a culggicgatgs Al WaE colegtpdy ewtnifagatione l%rédﬂqut@éls SITOlYPeebY-IYRoieF . Stem
cells, npt I I ulting in
differ e%ﬁt I %ﬂc}ﬂno?ic}){le%h&%a%??eé?tcglrle can b%él\g}?ﬂslgét&n c}llggéuége!llﬁ ‘Jegi ant i body
t o nest iresupandadiirk®ml bl 0%HBS mdhilb¢cgpisymodifiedEdgles Metbudne{DMIﬂMle ment of

t he foregoing ne hotgs, §Cs derived fro Eﬁ/lare used t% roduce a cell
popul at FBRPIEReaEd pabgienigiliR NGRS, DO i SOUBRRLY AR

modi f i e%t’iﬁté.f’ﬁﬁec%né‘@ ?ddc%@t‘&liﬁﬂ)‘s Qbrfefcﬁlh?eﬂtlht%ta! fﬁﬁher[z@qgﬁéf th&ldi¥gtan@not her
enbodi nent, the differentiated Cs are enriched or isolated using
convent ilmubhtedwoerdzht in mEalach ﬁ@S tissmrencoltwyifiask toyalloastbd attethnwdsof zhﬁntereetrpl oy

omer o (et J8EpnsRent s e TS S nferiakel iR boshing Wi b iHes ™2

under st %ﬂoﬁﬂu@ﬁi@é& rHeQeRGBreldviti&ParhOhg AVé 6(9111%%9&t?§n%isﬁ& tBhtehalbemi ded
by way of illustration, ang are not intended to be mti n(f';lof t he present

i nvent i ®rePatagl Qgsfgll@p‘éé\flgtngd (BP Biosciences, Bedford, MA) at dilutions of 1:4, 1:16 and
1:64 (and undiluted) was spotted onto each of the dishes using a Biomek 2000 robotic

workstation equipped with a 0.45 mm diameter high density replication tool. Spots were
arranged in a grid pattern. The following types dishes/surfaces were used:

L. Falcon 1007 bacteriological grade polystyrene (BD Biosciences, Bedford, MA)
2. Falcon 3007 tissue culture-treated polystyrene

3. Falcon 1007 dish coated with nitrocellulose dissolved in methanol and dried overnight
(to provide a more protein-adhesive surface

4. Falcon 3007 dish coated with nitrocellulose (see #3)
Falcon 1007 dish on which HA was coated. The HA was oxidized overnight at room

temperature in 50 mM sodium periodate to oxidize cis-diols to aldehyde groups.

[0109] After 2 days of culture, the plates were washed with PBS to remove
nonadherent cells and the remaining adherent cells were fixed in 4% paraformaldehyde in
PBS. The fixed cells were permeabilized with 1% Triton X-100, 5% neonatal goat serum in

PBS for 30 min. at room temperature. Cells were then incubated in a 1:400 dilution of mouse
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WO 03/ 029418 PCT/ US02/ 31166 EXAMPLE 1 Bone Marrow-derived Stem Cel | s
Differentiate into Neuronal Progenitor Cells [01071 This exanple

denonst r awesrfier enti ati on of a popul ati on of bone marr eeT/UsbEMI6E! | S
(which is contaminated with fewer than about 10% MSC5) into NPCs when the

o | R e PR BB EPL R T SRS SRR Y o

of such 0HSCTritditEr 100 PBS (PBST) hadASthéEIRcubARRINW TR AN A0OdiNtibmof Medgaiie- cel | s
cultured on HA surfaces alone that are not Stfjjgpl enented with ECM

mol ecul €8yjugtied eeat aptmppse frampeaglebpimragisene (CormicondtP B BMPTNGr Mgy rat s
and sUSREMISRrd DasRl 3IRAANGUPPBSTP Wi mdhicd T Mozt (Catliochalff! BopeRaRd
t hrough a screen to renove or break up aggregates and weré coll ected by
cent ri f whsdrvahusirged NikondE 306! ihwertsd macloyeopd wWith dpyfvdrestience ilommmatiom chl ori de
and nucl.eated cells col |l ected by centrifugation. .These cells were
resuspeﬁ@é&esivﬁergcﬂﬁec&d Ut ticwnmaage&sgceteﬁgaﬁw@@d Eagl e' s Medi um ( DVEM

suppl enggyd wi th mapé ¢hlin aeﬁ&c}atsmes@élﬁwﬁg}ows?%ldrﬁa Y6 QilgAMEr at ed by
henocyt onet'er counts. The cells (approximately I08) were diluted into a
further M@rig¢l ofs theeBCNmatedal handed tot exddieetHAi .ght the phase Eahttas nif@6graph
tissue-culture fl to.allow the attachnept,of adherent cell.s.

Non- aanabeit e ERFh It B i6eF e RE RLE PlabBracPy b Bie g ok i sty

ol ecul essphiythg Mafrigel'Sthal bh WL freas dd8te MithSH ARGy, dFigi 0% eh A HedehN&iAB MM
pol ystyrene dishes that had been prepared as follows: Mtrigel TM (BD

Bi osci eddsellBediefrd as fgpeted byvisualizetien off nestin, Similag regulis (ot slpwranyere

undi | ut . at . # t he di shes using a Bi omek 2000 robotic
wor kst a?’g%)aﬁ&géﬁﬁ'%paegg@mhﬁ%%g)fgj.?aigg%ﬂ di ameter high density replication tool.
Spot's wgeig1] ar r angdds,idiffereftidtidnABM st8m cElle irfto NPOM wa ihdured bdivshggésur f aces
were used: 1. Falcon 1007 bacteriol ogical grade polystyrene (BD . .

Bi osci eféddi4 Bdafdigntiopnys greaterpgreaninzsed vells wegdifarntinted atthat-ddilution.

pol ystyngae, Q% G Mor Y e%h%? £2855 %E&&h&&?&%ﬂl\%ﬁ%@lﬂ' ARRbYSH 1 n

met hanol and dfi ed over ni gsht % pr ovFde a Tore prot el n-adhesi ve 3urface
4. Fal ceom38aT pobilifdratianatedobwetvied oh régiares| doated sath( HAeon#s3 it Wwas hadkediy 166807 di sh
on which HA was coat ed. e was oxij diized overni ght at room . tenpperature
A G AT R G R e B15 2RPRASER WP Big5IOn 4fo1001
After 2 glaysls bwdrl ke Biridel® LA 08 theY4tE, PRGNS IMdtTee dTRSin Bg [t AT Rorall,

nonadherent cells and the renaining adherent cel'ls were fixed in 4%
par af or maffetettiationiof BMPBE8m cElle irftp RPEs veds Inst deteatalie imtbabbiengedf BEWh 1% Tri t on
X-100, %g/glgc%?er;at al goat serumin
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PBS for 30 mn. at roomtenperature. Cells were then incubated in a 1:400

di lution of nouse 23 WD 03/029418 PCT/ US02/ 31166 anti-rat nestin mAb
(Phar m ngeo o@araliog #556309) for 1 hr. Cells were washed Pcuiusem3mbdé h 0. 1%
Triton X- 100 in PBS (PBST) and further incubated with a 1:100 dilution of

r hodam ne- conjugated goat anti-nouse inmunogl obulin antiserum (Chem con
AP181R) for 30 min. Cells were wash@8BBEtli nes with PBST and nounted in

Mowi ol C - opserve u5|rf1fg a N Kon rnverte
mi croscgpe with epPIAiEYESE¥ALe i 11 uni nat i onDifferantigian were col | otrfgzusi ng
a Spot ganera drafteidsoci at ed sdPcitife. [ 0110} NBstiticells)A- 1B g@nﬁ‘f%f at BM
st em celj{l s gr dpélygeptidela 1: 16EGM moleswlepf Matrigel TM as t he ECM nat eri gl
bonded tfo oXl (ygﬁﬂgmﬁh'me' n The | pRasSe contrast mggograph  showydsn Fig.| I'A

the cel lls can seen growi ng to a hi gher densis\%/ on the areas of the plate

di spl ayilng MatPoigePMihBan on FiienediBas coated w4 h HA only. Fi'§S 1B shows

di fferentiati qolyaf-orrihineel | s Colldge@svi as det ect e by vi sual i zatYesn of

nestin. {Siml LESH (not yere obtaingd using a 1:4didguti on {of
! hEEBHithfel ! tife g

Matri gell|TM [O?f)J §$‘l{1}ﬁ ed| ffers‘gﬁwygtl‘ on of BM st%n cells into NPCs:s was

i nduced |by MatRONgePHing: a 1:%°"8P€A! 16 dilution'® A greater percentage |of

cell s wgre di foobrlentrithined at Codagendlldi | uti on. Bncreased proliferatiorn was
seen in I

proliferation \Bé’%)"lo'g%'Pved onage@n@ coated w t% HA only, it @ mar kgdl y
| ess intense tpohA -ysinkht ri gelVitdreatib ed regi ons.3Furt hernore, tYesre
appeared to be @, gLkl on of clRgese! I s toward jne Matrigel TM areas ofl the
pl ate, particularly noticeabl n"Fig I A O/eraIL differentiation of |BM
stem celll s i nt PNPeYSREs not gé’h%ﬁﬁ"a{gl e in the abSence of ECM nol ecul ds.
24 WO 03/ 02941 ®oRdTFlysiBe2/ 3116&ibramdtiE 1 Bi oactivé Region Differentiatiqgn

Factorl |Fact or Zofy%-Nagkl n+ cel ighminipt i mul atory 71@ (pol ypeptide) (ECM
nol ecul é) pol y-L-"ornithine Lam nin G‘ﬂ Yes poly- I7-or ni t hi ne Fi bronectin 52
R ofadens

Yes polly-L-or ol 8""€ol I age Yes poly-L-ornithine Vitronectin |21
Yes poly-L-lysine Elastin 3
.
Factor1 Factor2

(polypeptide) (ECM molecule)

poly-L-ornithine poly-L-lysine 35 Yes

! 9% of imaged cells that stained positively for nestin

A mixture of ail 10 factors - poly-L-ornithine, poly-L-lysine, fibronectin, vitronectin, coliagen I, collagen
iil, collagen iV, collagen VI, laminin and elastin gave values in the area of 21-25%. Controis of
polyamino acids alone gave results well below 20%.

2 All combinations yielding = 21% nestin positive cells are predicted to be effective stimulators of NPC
differentiation.

EXAMPLE 2

Induction of NPC Differentiation of BM Stem Cells Treated with Combinations of A
Polyamino acid and an ECM Molecule

[0112] Studies were performed to evaluate the ability of poly-L-ornithine (PLO) and
poly-L-lysine (PLL) in combination with ECM molecules to stimulate the differentiation of
BM stem cells into NPC. Bioactive regions were created in 96 well microplates on a layer of
HA bonded to the polystyrene surface. The agents designated as Factor 1 (PLO or PLL) and
Factor 2 (either an ECM protein or, in one case, PLL) were added to wells in which the HA
was oxidized by periodate as described at final concentrations of 50ug/ml in the presence of

borohydride. Unreacted material was washed away. BM stem cells (see above) were added
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poly-L-ornithine Collagen | 13 poly-L-ornithine Collagen Il 9
poly-L-lysine Collagen VI 41 Yes poly-L-lysine Vitronectin 31 Yes

pol y- L- | ywora/o®als agen 1 17 poly-L-1ysine Collagen IV 11 ppalusor3iigei ne
Fi bronectin 4 poly-L-lysine Lamnin 10 poly-L-lysine Collagen Il 7
pol y-L-| I C:

pol y- L. & B0t e bhfug pifplobased §oh Pugphol YRERGhSRio R PP REMAEL
p05|t|ve&qﬂbam1ﬁ65bkn_A m xture of all 10 factors - pol y-L-ornithine,
pol y-L- IXS|ne fibronectin col | agen 1, coll ag

, t ,
1§ col | digkes sancl “idﬁ‘}#h%{ ﬁlre'e IVQ‘P%?’?“ aons %n?évgoepﬁgq@@l@%%? of

collaged
21- 25% RYET818 NPRY, w 20% 2
Al l conﬁgﬁzg‘lﬁ@ﬁgwﬁmf%&e > Qgi%g@t@%@%gm t |(§£ﬂé€e§%tg&a\rl§i%/r1§g}lg} ed to be

ef fecti ﬁ@ﬁbmbﬁm?kowolmm VHIPLCEvigonécin, Bhl/celager M addIMdudtionectiof NPC
Differentjati ls.Treat th Conmbi nati ons of A Pol yam no
acid and"‘i&ﬁ‘%ﬂéﬁﬁ\%?%ﬁ;& g Ta@%‘ﬁ?se‘gﬁiﬁg?(% performed to eval uate the
ability of poly-L-ornithine (PLO and poly-L-lysine (PLL) in conbination
with ECM nol ecul es to stinulate thgxdNiPerenti ation of BMstemcells into
NPC. Bi oactive reolons mere createa'Tﬁ_QB_Véll m cropl ates on a | ayer of
HA bonded to the Ife Molecules owthaed NGB Lepllss Factor 1

(PLO or PLL) and Factor 2 (elther an ECI\/I prote| n or, in one case, PLL)
wer e added4t o wel [Bus exampila:dﬁrmdmtr&ws usgae thﬁmrdsmemeﬁgwdﬁelrﬁapwaand fagledescri bed

t final t of th f hydride. .
Unr cact G RAPENTLT IO ST ARE A S R RE T <oqeatse RO PP B8R e
25 WO O%QMﬁeBmdtwﬁwmé%%ehﬁoﬁ&ws\(\%téo'geﬁedteﬁpéélw ed and processed as

in Exanple 1. The conbi nations tested and results are shown in Table 1.
[0115] Murine MC3T3-E1 cells used in this example are from a clonal line of murine

calvaria-derived osteoblast (Jpn. J: Oral Biol 23, 899 (1981)). The cells were cultured in o-

MEM medium supplemented with 10% FBS and penicillin/streptomycin and were processed
similarly to the rat bone BM cells in Example 1 through the fixation step after 11 days in
culture. Cells were initially plated at a relatively low density. The presence of alkaline
phosphatase enzymatic activity was detected colorimetrically using a commercial kit from
Sigma Diagnostics (St. Louis, MO) according to the manufacturer’s directions.

[0116] Proliferation of MC3T3s on oxidized HA spotted with 4 different dilutions of
Matrigel™ (neat, 1:4, 1:16 and 1:64) was evaluated after five days of culture. Attachment
and growth were poor at the two highest Matrigel™ concentrations. At the 1:16 and the 1: 64
dilutions of Matrigel™, cells attached well and grew to a confluent monolayer over the
Matrigel™ spot. Although some growth over areas of the plate lacking ECM was evident, it
was markedly lower.

[0117)] Growth of MC3T3 cells on different dilutions of Type I Collagen (BD
Biosciences, Bedford, MA) was also tested. Similar to the growth results described above,
less cell proliferation was evident at higher concentrations of the ECM material. There was
more attachment and growth at the 1:4 dilution of Collagen Type I than that induced by the
1:4 dilution of Matrigel™. Cell attachment and growth was greater at the 1:16 and 1:64
dilutions of Collagen Type L

EXAMPLE 4

Screening ECM Molecules Using Growth and Differentiation of MC3T3 Cells
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[01131 It was concluded that the follow ng conbinati ons of a pol ypeptide
(polyam no acid) and ECM nol ecul e were effective inducers of NPC

di f f er entwetsom41$LO' | aminin, PLQO fibronectin, PLQO col | agem/gn2/31166

PLO vitronectin, PLL/collagen VI and PLL/vitronectin. Additionally, the

PLO PLL i nati qn: f ' f I in
Pronot i rg(g?g)owt h %S@T@ie&gﬁ@%?ﬁtigﬁl\ﬁ#}%ﬁ 8%%%@]62108?%4% traglt(c\1 glé&%se of the
present aseithinchehoof whiph dypzsdnd esrickstratidas of biaadtivenpemns pwinatéicdly pes and
concentrations of bioactive agents effect cell proliferati nd the

G 11 or e RaETBHOBRSBE ML BT el [ MCaTD S SaHRgen ek SAMIAHE Spverq Beds)
Mirine MBJ3r E i X I | i f murine
cal vari a- defgtle\%dﬁ gése'%1 Z%%Jaﬁlgéhtdit{by tﬁﬂé 323)%, %qglt&%?{) 2%1%%8%%? ?gg%s) &'Elﬂkll&e} cells
wer e cultims; eellsiwere {fixadeviithefdimati ey krehprotessediotviisua 26 tBBPrattudtion of alkaline
penicillin/streptonycin and we rocesse imlarly to the r bone BM
Cell o 1 whesERavRich i UG Yo G a6CaF etferd auye Bond b v e
Cell's wehendtifidially plated at a relatively |ow density. The presence of

al kal i ne phosphatase enzymatic activity was detected colorinetrically
usi ng al®astrer ci aFigires 243 sheivghat differgntintion @dey Bt dayisowcelturp/ojcusisd onbli ng t o

t he manufacturer' s,di ecti ons, 11 ProlLif eration.of T3S jdi zed
LA st Paatks by bifte EF lacRREpCimbftkulEl ORLERTE SRR obiitiga ik B2 S
1: 64) waTMvlerladvalthat diffstentAtiys imd alkdlifdpsphitisaosiine celandsgatert h wer e
poor at the two highest Matrigel TM concentrations. At the 1:16 and the 1:

64 di | Gell prodifesatiopaes deperitrpd i PLE horas onlesvideny in GedrgserrepfESAY| uent

nonol ay . icqel . r of the
o ate | Shssf NElnugglin, YRELRGE HCARRGouE dgpeal RpE oRESUb ] QU EFIRR, O
MC3T3 cehd BIG3M3del lias)diffedntiationan s bohe-TikpphdnoGglel agen (BD Bi osci ences,
Bedf ord, MA) was also tested. Simlar to the growh results described
above, |ess cell ol.iferation was evident at higher concentratjons of the
o e S0 The Al Ripsencisa S A0SR RO BRTA O S PR SRS EHget A ut i on of

Col | agemhgﬂgg%ﬂec;ﬁ@n tl8tporitdyseshtby the 1:4 dilution of Matrigel TM Cell
attachnment an growt% was greater at the 1:16 and 1:64 dilutions of

01 11 o7 ol ALt on of WP G ERBLRRFE AT B LB AL 8 1) i

exanpl e skidled hsthe atteBatulsesanie dahdepedsmnid wighihadvide ranga pif dqdnderitaatdnesters,

concentrations, and conditions without departing from the spirit and scope of the invention

and without undue experimentation.
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ascertai nment of which types and concentrations of bioactive agents pronote
cell differentiation using MC3T3 cells. The MC3T3 cells and plates from
EXAVPLE 3weas@2used but were incubated for an additional PeTd®p%3116©r a
total culture interval of 11 days. At that tinme, cells were fixed with
formal d I d to visualize the production of alkaline
phospha%ﬂer e AIVED 1S: ative of differentiation of MC3T3 cells to a nore
bone-1i ke phenotype. [0119] Figures 2A-2C show that differentiation after
11 days in cult ur & method fextvahiating @ pargli dstsageht fon éts pélh gowthanducaglkos delECM

nmol ecul %f 9{3{#/ on c&qe sur.face of .oxidized HA | acking ECM nol ecul es was
there difPfSruRtPEIRPICNEACHVEY:|EQMPHENEhos phat ase- posi ti ve cel |'s. G eater
cell prolif e%\/: Offorniifig § SSspot@tfatdcdatetMikiFa Soll-Hdiesion r¥si @Mt dEAR) inthtdrhe
presence of (here Matrigel TM. Therefore, ECM nol ecul es appear to

i nhi bit osteogeni endbiadinggh¢reforat least onefheoautiveragensresulltingain agurfpeswiih at i on

to a bone-like phenotype. [0 Al l. references cited .above are.
i ncor porat ed by riq‘aétrc}éﬁceé‘p#sﬁ%% FeR ?nrdgattgé,%ﬁ %?eetxﬁgsredg’b a((:;lg}’? {:e§f0|ny
i ncorporated or netherdi®dAd CAfBMiategial) oxid fatilehst ofle Sivattachdehi & d doveitdtion, it

wi ||l be appreciated by those skilled in the art that the same can be
perforned within &f Wpthare Bagandidateaganisal ent paraneters, concentrations,

and v thout _ (due itk eARRR skl drE Ui R hises B Bl et AT | &7
CLAIMED IS: 1. A emd hod for evaluating a candi date agent for its cell

growt h-i nducing or, cell differentiation-inducj actjvity, copprjsing: (a)
formng a su&%ort deiGring.or TReRsNERE S5k groNthuandyorditiereneaionesy e@ffaﬂ{s%(%m)
material and bi ndifghst hereto at | east one bioactive agent, resulting in a
surface with at |east one exposed CAR region and at | east one exposed

bi oact i whereayihepresendreofaicH gsavtth otdRfarattmtipmbn agegion stindieatste thatesaldi oact i ve
agent or_a,. nbidnati on .of bot.h are t.hehcan i dat ﬁha ents; %b& addi ng cells
to sai dcé%%’g? AUEIRE 28 PISATHIA §31¢ Ce P NS P WELRIREPE S5F 1 1 egi ons;  and
(c) det agtdrafliafibn (RASAS BGivig! | growth and/or differentiation on each of
said regions, wherein the presence of cell growh or differentiation on a

region is indicative that said o _ _
2 The method of claim 1, wherein said at least one CAR region comprises a

CAR material 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 and (h) a combination of any of (a)-(g).

3. The method of claim 1, wherein said at least one bioactive region comprises a

bioactive agent which is an extracellular matrix molecule or a growth factor.

4. The method of claim 3, wherein said bioactive agent is an extracellular matrix
molecule selected from the group consisting of laminin, vitronectin, fibronectin, elastin,

collagen I, collagen III, collagen IV, collagen VI, entactin, a proteoglycan, and Matrigel™.

5. The method of claim 1 wherein said bioactive agent is an adhesion domain of

an extracellular matrix molecule or other cell adhesion molecule.

6. The method of claim 1, wherein said detecting or measuring comprises

visualizing the binding of an antibody to said cells.
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candi dat e i nduci ng agent present in said region has said growth-inducing or
said differentiation -inducing activity. 2. The nmethod of claim 1, wherein
said at |weaaB/Hoenes CAR regi on conprises a CAR material selpeatiesd2/8rieen t he
group consisting of (a) polyethylene glycol, (b) glyne, (c) a glyne

derivative, (d -H X . pol yi sopropyl.acryl am f)_ hyal uronic
acid, (9) al(79i) n?gjhggfeghl\@nocf(c?%?ﬂa ‘%’8%‘?ﬁaé‘fgtolﬁa%%nggﬁ%eg’%gg@ Ené%.s &f. The
met hod QAR hitdRalbontee e h fissiRicdltade-thattdisuface. bi oactive region conprises a

bi oactive agent which is an extracellular matrix nolecule or a growmh

factor. 4. The nethod of claim3, wherein said bi o&ctive age,ni) s .an
ext racel | ul af: mat dihg methndRfiplamsle whereaysaid atleash ang k- Adpmatsnal is P%%dd?

| am ni n g,V i, j j dilRd . k.agen 111,
col | agenhel @Ffagé(;ﬁ]?%dégn Mn?érgfr%? %Eétllg%er%éélﬁ%{r%{g 83% yclan, 9gbn%fl%/gl?r%cg'el T™M 5. The
met hod of claim 1 wherein said bioactive agent is an adhesion donain of an
ext racel | ul a®. mat Mhg nrathasicaf] cdaimr8, ethiersin szd interdiedBtolayeroloepuises. 6. The

t hod of iml1,. wh ' i d t.i i i
ot ShratSl bRl DSy Gobl BB PSR 88001
PCT/ USO%@%ﬁﬁ@lam?ne),‘rd}%omhlh\ﬁﬁinﬁi‘e claiml, wherein said at | east one CAR

region conprises a CAR material bonded to a tissue culture-treated surface.
8. The nethod of claim 1, wherein said at |east one CAR naterial is bonded

to the surfdfe tAhewmsthadofichtiar herd, stherqimgasd GAR materigl sowibepdayithee prild t o
sai d surfag t .Gl 3] erein said internedi ate | ayer
conpri sé);s(%zg’%?f j%%etngg %Jr@ia%gﬁégglgo%ﬂ&c;@?a %e, pol y-D-1 ysi ne,
poly-L-ornithine, poly-D-ornithine, poly(vinylamne), or poly(allylamne).
10. The net had. of Thkaethdd affclddm Mhweharein ssidiotidiARg apdne s soldivns pexxoddiezed wi t h
a mld oxidizing agent prior to adding said bioactive agent. 11. The

met hod of cl gai.m 10, wher ei i.d .oxi.di zin ent i s .sodi um.peri odat e. 12.
The met hod ofi2c| aihe Fretigekefalaimeh ek Sd Pachveseeiin comBHr S Y Pout h
fact or s.fuclks. The nethod of claim1, wherein said at | east one bioactive

region is in the form of a plurality of spots, with each spot conprising
at | east one type of bioactive nolecule deposited thereon. 14. The nethod

of claim 1, WBer eilhesugtipdeaf dlaimst, wheeeipasd at legss ope bioaetivegegian isia thefogm

of a plurality of spots, with each spot comprising at least one type of bioactive molecule

deposited thereon.

14.  The method of claim 1, wherein said at least one bioactive region is in the form
of a plurality of spots, with each spot comprising a different concentration of one type of

bioactive molecule.

15.  The method of claim 1, wherein said at least one bioactive region is in the form

of spots in a grid pattern on said surface.

16.  The method of claim 13, wherein said plurality of spots are in a grid pattern on

said surface.

17.  The method of claim 14, wherein said plurality of spots are in a grid pattern on

said surface.

18. The method of claim 13 wherein said bioactive molecule is an extracellular

matrix molecule.
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of a plurality of spots, with each spot conprising a different
concentration of one type of bioactive nolecule. 15. The nethod of claim
1, whereiwogmiocdvsag | east one bioactive region is in the f@®musot/3gpets in a
grid pattern on said surface. 16. The nethod of claim 13, wherein said

plurality of .gpots.are in r.i aitern . said surface, t hod
of claim 14, 1 er jlhﬁ néeéﬁl%i @i%?lgﬁ‘fvﬁ%FmsSﬁ@{%éoagﬁge s eé:u%rllgan %%[{at%ﬁ@aﬂgﬁ sai d
sur f ace.mat8x moeunet hod of claim 13 wherein said bioactive nolecule is an
extracellular matrix nolecule. 29 WO 03/029418 PCT/ US02/ 31166 19. The

nmet hod of claim 14 wherein sai.d bioactive nolecule js an extracel ] ular

matri x mol ecdle. Jbe metrodefiokim brvherem sard at lgps pas Rioacti v ragion sigitheieem

bi oact i regl e Sl : I el it : Syt W h wel |
conpr i St pd A g gL el el it R et R o 21
The net hieposited tHeadom 20 wherei n sai d bi oactive nolecule is an extracel |l ul ar
matrix nol ecule. 22. The nethod of claim1, wherein said cells are stem
cells. 23. The nmethod of ¢laim wherein.said stemcells are ri pot ent
Cemeer s, Ha e medbecber Ty irSh Sa iy bbfR s BEFaeBhifh,
progeni @dtristhRRer. 1 s. 25. The nethod of claim 22, wherein said stemcells
are enbryonic stemcells. 26. The nethod of claim 22, wherein said stem
cells are hematopoietic stemcells. 27. The nethod of claim 22, wherein
sai d stem cel?2s arlhepmathodefralan Lavheraiysaid celln aepteicells. The met hod of
claim?22, wherein said stemcells are osteogenic stemcells. 29. The

met hod of cl aikm 2 g@,@g i i Lt f i J nal
progeni tor c? [s. %él ) Aﬁd&%ﬂ#% %%Sl{c%a?%gg% Cgpgglnrgtli ng %tﬁ%@teﬂleééﬁl?
differentiation of stemcells into neuronal progenitor cells conprising:
(a) contactig. st dimeosdthad oficlamcdd, wherinvssdgemitalls ag progmitbagtenceldt ed wit h
one or nore cell adhesion resisting (CAR) agents and one or nore bioactive
agents

25.  The method of claim 22, wherein said stem cells are embryonic stem cells.

26.  The method of claim 22, wherein said stem cells are hematopoietic stem cells.

27. The method of claim 22, wherein said stem cells are bone marrow-derived
stem cells.

28.  The method of claim 22, wherein said stem cells are osteogenic stem cells.

29.  The method of claim 22 wherein said stem cells differentiate into neuronal

progenitor cells.

30. A method for inducing or promoting the differentiation of stem cells into

neuronal progenitor cells comprising:

(a) contacting stem cells in a culture vessel having a surface coated with one or
more cell adhesion resisting (CAR) agents and one or more bioactive agents
that induce stem cell differentiation to neural progenitor cells; and

(b) culturing said stem cells for a time sufficient to permit them to differentiate

into neuronal progenitor cells.

31.  The method of claim 30 further comprising

(c) detecting said differentiation.
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that induce stemcell differentiation to neural progenitor cells; and (b)
culturing said stemcells for a tine sufficient to permt themto

di f f er entwatos/o294n¢ o neuronal progenitor cells. 31. The netloadisot/3ubkai m 30
further conprising (c) detecting said differentiation. 30 WD 03/029418

PCT/ US02/ 311 3 L: €] j ' ' nts
are extracel I%gl ar %‘r?ﬁ;ﬂ?e?}id?%?%%fﬁoe‘gil&%?sg@r?\é%?ﬁéts%}g%&l ?)slf aq(e: ?%t?%%%%e gt?lg(i n
sai d bi oaslédwlss. agents are a conbination of a polycationic polyam no acid
and an extracellular matrix nolecule. 34. The nmethod of claim 33 wherein

said conmbination i s selected fromthe group. consisting of. (a)..
pol y-or ni t hi Hé- anﬁ‘?é‘?ﬁt}r‘ﬁdrﬁf {aim 33)]0‘1"]9@6‘?% @ﬁﬁ‘%tlé‘ﬁﬁﬁﬂ%ﬁrﬁﬁéﬁé’ﬁgu?%?f bol y-

or i t hi Rg1RAGEObIFIEMOYkid z(rﬂ)a(llfé)%rifée@ﬁlmmitrﬁ?m%[wul\é! tronectin; (e)

pol y-1ysine and collagen VI; poly-Tysine and vitronectin; and (g)

poly-ornithine and poly-lysine. 35. A nethod for inducing or pronoting the
di fferenti ati3dn ofThstmesthasedf] odaiin}3ovhereinsaidsombinggieniis sstectad) fram dhergipursi ng:

(a) contacting st ells.i.n a culture,vessel .havin surface.with a
Conbi nat’ T BHPtR o @by smiiibe hd Taminnp. o PR oottty A orgncchieln Bl

di f f er erimigoicadtcodhga™sl; ¢d) poly-bimdtadici ave vagpettin;\E) polly-BeHe adicbRikeh VI,
capabl e of inducing stemcell differentiation to neural progenitor cells;
and (b) (Buwebulysing aBdvHrogeetin; @ad (8) ppbromithingand pelyilgsispt to permit themto
differentiate into neuronal progenitor cells. 36. The nethod of claim 35

further conprksin o6t | | i r Latlan. et hod of
claim 35 \/\/ner3 gi n g\a{r%&%flgg%ﬁ ?%/dé %Qﬁ%%ogfrl%{hg;ﬁ? %%%Htféparf g’%%ltérgpg lI{Pém)l ecul es.
38. A nekmodalfppogenitodertisrgmansingol at ed or enri ched popul ati on of neuronal
progenitor cells fromstemcells, conprising: (&) inducing or pronoting the
Gl {Tor ent at (8 of BRI celising HEMeOReter BAGLh PGS a0 § S HREGH dance
with claim30, thengyosed fjé%l!ﬁl's B9 dFfekht BRUEBRA gk 88Tt cof@hirtions Bl a

optionally, detecting said differentiation; and

bioactive agent, which combination is capable of inducing stem cell
differentiation to neural progenitor cells; and
(b) culturing said stem cells for a time sufficient to permit them to differentiate

into neuronal progenitor cells.

36.  The method of claim 35 further comprising

() detecting said differentiation.

37.  The method of claim 35 wherein said bioactive agents are extracellular matrix

molecules.

38. A method for producing an isolated or enriched population of neuronal

progenitor cells from stem cells, comprising:

(a) inducing or promoting the differentiation of stem cells into neuronal progenitor
cells in accordance with claim 30, thereby producing said neuronal progenitor
cells;

(b) optionally, detecting said differentiation; and

(c) enriching or isolating said neuronal progenitor cells.

39.  The method of claim 28, wherein said bioactive agents are extracellular matrix

molecules.
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(c) enriching or isolating said neuronal progenitor cells. 39. The nethod
of claim 28, wherein said bioactive agents are extracellular matrix

nol ecul eswo033/0Y¥@193/ 029418 PCT/ US02/ 31166 40. A net hod f ecTarsozsmniseag an

i solated or enriched popul ati on of neuronal progenitor cells, conprising:
(a) inducingQr pronmofi the . di.fferentiation.qof .St cells |1 ntog, neuronal
pr ogeni t or é@l I s‘qflﬁletgltggg?rdgﬂ@écl% ?nrfs@figlal%r %@?quteﬂé)f)gl%u%nr %ﬁ’fé‘f"rﬁ‘g‘l sai d

neur onalprgdefBéietl9 conpeising; (b) optionally, detecting said differentiation;
and (c) enriching or isolating said neuronal progenitor cells. 41. The

met hod of cl &)m 4dndugigaipromaeling the ditereniationyahstem selds inge peykenal pIogeNitast r i x
nol ecul es. 42. Th Oft..; i . Lhitdhe CAR
material is sel eg?lggg&lg ?g%&%ﬁg%trho{}%ﬁlc%ﬂhg% éﬁ(}rpgrgg%m?éﬁa?{)%? y%ﬁ?gf reiet%rl ycol ,
(b) glyme, (c) a geNsye derivative, (d) poly-HEMA, (e)

pol yi sopropyl acryl am de, féﬁhyal,ro ic acid, (g) alginic acid and (h) a
combi nat i on éﬁ an;?pB?na?lé()éf(t tl.ng&@l.ﬂ gepRaling cl ai m 42 wherein said CAR

10, “whor ei n 0 o AR g ol el B B i at 0| ayer i ch | <

40, wherein sdid CAR nmaterial 15 bonded
bonded to said surface. 45. The nethod of claim44 wherein said

i nt er medi at e 4llay eThe snetlddeaftcdaimi40o whetein saift bigpctiveragerss areexgracellular matrix
pol yet h)ﬁlleinﬁlm' ne, poly-L-lysine, poly-DIlysine, poly(vinylamne), and
pol y(al INT & %e). 46. The method any of claims 30, 35, 38 or 40 wherein
said cells are stemcells. 47. The nethod claim46, wherein said stem
cel | s are bomag. mamhemethiciofeglylos claiM$S30, B3 8wt 4loethatkial the €AR mbrrieiis sai d
stemcells are pluripotent stemcells. 49. The nethod of claim 31 or 36,

wher ei n selgsted Femghe grryrseasistngRi(pRralyctipdenc glyepl. &) ehypes (PideyyBestin in or
| st h i ' i >0 o0
ot hod Spfifttvel Y BolIEESLERL) itk byMHIRTE. ) ROBHARY achE (2 \uleit-acit®

ant i bodyné fieai doibidationéaty of (a32WO 03/ 029418 PCT/ US02/ 31166

43.  The method of claim 42 wherein said CAR material is hyaluronic acid.

44, The method of any of claims 30, 35, 38 or 40, wherein said CAR material is

bonded to an intermediate layer which is bonded to said surface.

45.  The method of claim 44 wherein said intermediate layer is selected from the
group consisting of polyethyleneimine, poly-L-lysine, poly-D-lysine, poly(vinylamine), and
poly(allylamine).

46. The method any of claims 30, 35, 38 or 40 wherein said cells are stem cells.
47, The method claim 46, wherein said stem cells are bone marrow stem cells.
48.  The method claim 46, wherein said stem cells are pluripotent stem cells.

49.  The method of claim 31 or 36, wherein said detecting step comprises detecting

or measuring nestin in or on cells that have differentiated to neuronal progenitor cells.

50.  The method of claim 42 wherein nestin is detected or measured using an

antibody specific for nestin.
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51. An article useful for evaluating a candi date agent for its cell

growm h-inducing or cell differentiation-inducing activity, conprising: (a)
a supportweuwsihames coated with a cel | -adhesi on resistant (@SRUSIrBHENGG al
having bound thereto at |east one bioactive agent, such that the resulting

surface comyi ses allieasin PRFFHRARGA CARIETLN B, Al L6RALIARGnEXPOSEd

bi oactive réqgion, er ei sa|d terl a one |oa tive
agent oror gell diffetentiatioroindaéinpattivitys cdhgrishgndi dat e agent . 52. The article of
claim5b51l, wherein said at |[east one, CAR re%eﬁn co rls a CAR materi al

sel ect ed frof®t he 3GHBRAS LBISE E%t"?ingBIF a cgll-adhasipmiTes) té‘?fe( dBHerigl BRVigey ne,
(c) a glynme deri 25691& ereﬁcﬂﬁt 1084 é{r(lfﬁﬁ/%nvéﬁéerﬂ@u}f ﬁﬁ?&f&%&%ﬁr@’éu@ﬂb@e ()

hyal uroni ¢ aci d, al gi nic acl a co I nation any of (a)-(9g).
53. The article ofcombasemaSIIe,ast\dmereEposeéé]Ad{ mgidnemdtat taast cfﬁARxpcmgdbmactmwprl ses

a tissue culture-treat d surf. 0 V\:hl |aI bonded. 54.
The arti ol o of o Eeis HIc i AR Mt Fud a epfengoauetyoechigion
conprises a bi oagbinyRaf&edt bR iche banddhtexdenacel | ul ar rrat ri x nmolecule or a
grow h factor. 55. The article of claim53, wherein said at | east one

bi oactive region conprises extracellular matrix nolecul es selected from
the group coRgi stl’l“hg agicls efralEmd 1, whereimeaid pteast pngEdiieregion coBIPESES &,

or ot cogloAR AR fihed o fe LR85 R inE B[ A9EberE RS By aline €Ly o
| east orgeyrﬁﬂd%rrvagv&;md) ;mljmrEMA () poRisopipyfaasdanhide ity abroninaeidn@gi at e

| ayer which is bonded direct|ly to said surface. 57. The article of claim
56, wherRINCdgdgnd ﬁ@)&%lﬁﬁt@nloﬁ%}‘ otk ses  pol yet hyl enei ni ne,
poly-L-lysine, poly-D-lysine, poly(vinylamne), or poly(allylamne). 58.

The article af clghdantie YMQLiR] 81, SHetbiPLRRGE bY® oﬁ@@A@@re‘gRﬁWoh?p?@eéH owt h
factors selected fromthe group consisting of a bone norphogenetic

pr ot ei ndissusputiarcrtedateg suvface foarhioh saié CARymeisoiakisibandddepar i n bi ndi ng factor,
hepat ocyte grow h factor, insulin, insulin-like growh factor I or Il, an

i nterl eukin, mu rotein ow.h factor

ol at el of - der PFed JPEARIY BRTaR > amerohrd s R §reP Ry - agbg rompgtes 2y 3
WO 03/ 0%%lﬁv?@%t&sﬁ%%&ﬁ&tﬁ%llum&nahkInfdl@cuq)é orid @oWitbfactonher ei n said at

| east one bioactive region is in the form of a plurality of spots, wth

each spot corrpr ising at | east one hioactive agent deposited thereon.
The article of claim 53, wherein said at least one bioactive region comprises
extracellular matrix molecules selected from the group consisting of laminin, vitronectin,
fibronectin, elastin, collagen I, collagen III, collagen IV, collagen VI, entactin, a

proteoglycan, or Matrigel™.

56.  The article of claim 51, wherein said at least one CAR region is bonded to the

surface through an intermediate layer which is bonded directly to said surface.

57. The article of claim 56, wherein said intermediate layer comprises

polyethyleneimine, poly-L-lysine, poly-D-lysine, poly(vinylamine), or poly(allylamine).

58. The article of claim 54, wherein said bioactive region comprises growth factors
selected from the group consisting of a bone morphogenetic proteins, epidermal growth
factor, erythropoietin, heparin binding factor, hepatocyte growth factor, insulin, insulin-like
growth factor I or II, an interleukin, a muscle morphogenic protein, nerve growth factor,

platelet-derived growth factor, and transforming growth factor o or .
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60. The article of claim51, wherein said at | east one bioactive region is
in the form of a plurality of spots, wth each spot conprising a different
concent r awoon/oef41one bi oactive agent. 61. The articl e of pciraisoe/5866r 60,
wherein said plurality of spots are arrayed in a grid pattern on said

surface. 34 59.  The article of claim 51, wherein said at least one bioactive region is in the form

of a plurality of spots, with each spot comprising at least one bioactive agent deposited

thereon.

60.  The article of claim 51, wherein said at least one bioactive region is in the form
of a plurality of spots, with each spot comprising a different concentration of one bioactive

agent.

61.  The article of claim 59 or 60, wherein said plurality of spots are arrayed in a

grid pattern on said surface.
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