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[0003) A stem cell is a cell that has the ability to divide (replicate itself) for indefinite

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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these ar €{reating a number of diseases and deficiencies. One particularly important use is the treatment

of neurological diseases such as Parkinson’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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a responsive_secretjon of an arrgqy of growth factors that can foster
neur opr ot REEHGA Pah Y12 TEIPIRE HesseEstion plrcriTay 9f groxith fagtogs Bakrap &t deri ved

from a sexgfibotsdiRiafi®higidgéh&@ss. i ncluding BM derived stemcells, may be a
desirabl e source of transplantable material for grafting into brains of
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[0010] To induce stem cells to differentiate, it is desirable to identify the right
combination of molecules and cell-culture conditions to (a) 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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desired cell lineage such as neurons. Such cells may then be inplanted into
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avai | abl e ne r assaying cell culture conditions $S theﬁ_g I nfl uence
cel | growedsiand di Cusertht dvailabdemetbodsdior assangcallLalfurg snptionsds M essnent  of

the relatjve effects of .a.yari.el A aPrabRUSsesnéneof that i ons.
Commonl y,? E“F%C%#%°WO%%?%?%]§?%%%§ nd\%%ﬁ{l}lsé%f?a tiagsueS culture plate in a
medi UM cQpRfilSiMetsdirhivafianbf sgpapaneartoss congenttatinns. {Femmenly «§lls 118 BTH A e
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of, for cadipepniovellsofafissug pyihug platy 1 A ZEGHT ﬁbéépfnféﬁlg@yefg&gggﬂpgﬁ " hange in
nor phol ogy, fest%EonPBEanQ@e, kARl pryseabsemakersindibatveofiigifierodiatios aPipitles are in
separate wells.’

Because a | arge  nunber of agent eed to dto
opti ni ze effscts offbr exampleoagell sigpuing factaffat H‘dbgestﬁ‘éﬁ%‘?qicgi“}jﬁe tn RS rSRES.

may not be readily observed or discerned when samples are in separate wells. Because a large

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.)
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desi r abl d0418 a net Abd presert inventisinds ditgdtdddn @art ta mgthod forlistusingnt o NPCs as it

woul d enhﬁH? I of

neur ol ogi ca rgmyﬁsggggéru m‘%& @%@%m%@ TB‘@ L% S‘thga%?g{si%tnt

I nventi orcvaksxaﬁlanéuieanlfylmtqnaaltmduyum agenththdt induceisncludiffegntiationf er ent i ati on of
stem cel | f vari es,.| ht o based on the use of { hods t hat
cval uate WHE i dent e BEREAV: Bl phintEn RE Ve R Pelrb iR A uBRLLEs

differ entpo@éntlelﬂndddﬂfglﬁknt%f aiffgrneconkentratibny of aiporeaniliintucipegeses aaingkt hod
testing a plurali téa potential inducing atgents or different
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includes formng a support surface having potential inducing agents
t her eon i®ARmegidoaned ablcagitone bipgetivgmegiorgahi rarqifefingd belewsandglepostingact i ve

region, Wajehnd S‘Ecﬁ%tf%!uﬁ r%‘?é}ﬂgs%ﬁﬁ ceipcgnltx@}éﬁgg HkHER ‘Bﬁ cEl'lsL}.gat af€inl Sn@QLGEach of

said regions an s on cel at are 1n contact with
each of sathlofsagl regionsand thérelryedposedpo tedidactitdreolbeudeschatwenstivitethel es t hat
consti tute tH bi oactive region. 100191 Related to the foregoing, the
present iNOASHYS589Ps directed to conpositions and nethods in which
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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



differentiation, the cell can respond accordingly to such a gradient.
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Chri stoff@?‘ge?%‘ﬁf‘éﬁed gnocgﬂgﬁ}%\ﬁféggsy, 999, 29: 1180@)1192 gscl 0s d how, in

the |i veron wogRRSspRcficanpaldes te affinstypf thergene fox itp raenlatesy SAishind B sed on

t heir adapti ve behavi.or radl t h
boon 1 oo JiHeTos SECooPRREIL AP e pEEoRtE HY Rial FRBULIMAGaBLA% ?2| >
gr adi ent syn@dractib® batwesiwe dtInfste aﬁferenpmgnaa grhdizntspuay b:ehmesemp ErRisere agkbieno

gene-specific variables, the af
factors agxprassien pajtegwdepdi @EFBI) lq°\9/? tén PE{;‘F eneoe"&ﬁ tlliltglglr*liecg%g‘ﬁés/e in

the si gnadnfﬁcruﬂri't? gk d9 BirRAh riﬁ&ﬁ‘wbéﬁhonal §lsRhABhLt @éle)hﬁipl@@ﬁtﬁe\/t@pes of agivéies
di fferent gradients may be necessary .to epsure a.stable Bfessmn

pattern uthdethe ﬂneﬁeiﬂmnmtlom@mmmmaém by its recognitieofithe Wiy ﬂ@glﬁw&egbqps
| nteracti Biofogteally active molecules, such as ECM components, juxtaposed 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-omithine
(PLO)/1aminin, 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.



difficult to mmc in vitro in conventional system but are exanples of the
types of activities that the present invention enconpasses by its
recognition of the utility of distinct regions of biologically active

mol ecul es, WOU842%448 ECM conponent's, juxtaposed in a pre- deRE/B§REH66 manner
inor on a single cell culture surface. 100211 Thus, the invention also

provi des popt hod fI@bné exfibisdimenttthé hethed fdrahduehg®r pfnfiting ¢led differetidtioneur onal
progenitor_cells that conprises contacting stemcells wth ECM nol ecul es,

per mi t t i n®f staFecedls éntp erpRal prpegnitar SERSFOMRIIEES: nt o neuronal progenitor-1ike

cel I's; ang) detQgiabtitik didth Sellsdh b @R Vésad n@Ving As&Pack RGhEd Bk dlIglapmARixOd for
inducing differentiation of osteogenic cells. 100221 Preferred i nducers of

NPC di f f er ent imBelpeiesshat apearapatle plonfusipecstan relbdiffersatiasion topeurg@pegeaider wi t h
ei ther ECM rmlcgﬁ){lgg or ot her non- ECM pol ypepti des: poly-L-ornithine
(PLO/ 1 am ni n, ’ ?i bronectin, PLO collagen VI, PLOvitronectin,

pol y- L- | y&) ne cultiting) the stemaglinfovh timedufficieht fotpeomi¢ ttiermto difietentiatmiatol y, t he
PLO PLL conbi nat i on was .effective. The poly-D-am no acid isoners of the
foregoi ng may SPEBPLORFLLY CBS\Wo 03/ 029418 PCT/ US02/ 31166 100231 In one

embodi menpez24f he nmetTmeeheiwd radufthérGomprise D& o Nigteblivy Wi tifframibiiai i on  of
stemcells into neuronal .%r(ggeni tor cells conprises: (a). cogt %m_ng stem
cel I's in B8 t ur e AlSRRIGYIdRG Giapethodior Producing nyisplgied Qe eririchrdPoPHALPY x

ol ecul esndyhshal fbLen®tBPEMs Sroff sté @il EnpHseip) cel | differentiation to neural
progenitor cells; and (b) culturing the stemcells for a tine sufficient

to pernit therffk o @PHtpeim@rstamuealisime enlturroveseshbavipg vgtice withewracsliulan0241 The
met hod may furt her ngFQHPHo&%uxt%%@észg 9Jpa6‘|€§?ﬁfdb89%£tt'ﬁ c91| g[tf‘err&%ﬁé}h'opn-

100251 Al so provided is a ne r“producing an i so ed or enriched
popul ati on neur onakunal prgegmitbocellsel | s from stemcell's, conprising: (a)

contacting st cells in ul ture. vessel havi a surface wth . .
extracel | ul ar P(mmt FF@“W«R% tg%fc}f"gscglﬂ%fgf a 4p& se lﬁlﬁBﬁn@ PS‘F"‘H%’&W&P rqg‘feé?"élﬁ%ed'étf)l
differentiation tonemenilprogenidgesily;or cells; (b) culturing the stemcells
for a tinme sufficient tg perm.t thegl to ,di_ff_%rﬁ(inti ate into neuronal
pr ogeni t or ce!(F)s; CEOY fingthed feé?,"tt‘?ﬂﬂ" differentiation; and (d)
enriching or i@pl atehAthikd6r 19QAIRRAL ndRFAIEpto it &1k SusingSinG Ané\WY misBRWN
means. (0026] In the foregoing nethod, the surface is préeferably coated
with a | d9®6] of a dethe 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 denivative, (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 oBscrving or

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

7



adhesion resisting (CAR) material or agent, which may be bonded directly to
the surface or indirectly, via binding to an internediate |ayer which is
bonded to the surface. (0027] Preferred CAR nmaterials include( a)

pol yet hyl sahdug®! . (b) glyme, (c) a glyne derivative, PEEYSHEBIYS HEVA, (e)
pol yi sopropyl acrylam de, (f) HA (g) AA and (h) a conbination of any of

s st (et al o i ubd)t iyahatih b
ol ot Phasimael e Gt Sttt JEE B ibEaicuSuia R phdaver oy be

pol y- L- | yshdufedRlnk)a spesfi/ad-hestn meibo®DL) , pol y(vi nyl amine) (PVA), and
pol y(allylam ne) PAR PEl is preferred. 100291 The foregoi ng nmet hod may

be carried out wth stemcell L-NC ' OWtigM edidat
(i ncl udi #3%%ar r ow BHF BRYEHOLSY ?%3 ?lregkgq%%ﬁglg?gﬁ%{ em cel ?lé 't should be

not ed t hagerk ROHE cOPEOOESIndatngbse ke entiationindusing s¢tiviy soypsisingur abl e cel I,

including long term cell lines that,.pr lv of
o ow g RHOGULt ur cabrtempar et rea rourt i B fRetsl RUBERRRRECON 1R Y B

| nduci ng oAgRRASive 1oARQLHTIR s REGIiA@Sustics antirise allédseorermcpesed AR NPCs

conpri se observing or rmeasuring nestin oy anot mar ker n or on

t he sur f acgiorodndablepss ophansponw@o%vvr%ﬂoﬁ?%?@&%%%ﬁ%&?év‘@iﬁfg%%‘%‘iew| at ed

to differentjated al o PG AN cafdiidi€agedt.t ure. Preferably, nestin

is rreas&Foéatlvfsa%ﬁlg%éggg%l@??% ant1-nesti nlanti ody. 101001 Thi s ic'léfnti on
g

y
is al so gmwACt ed t n theakmve iadicts, theat Ieastope CARIEEAP PIrrabl¥ SATPTSE 8 ent for

its cell growmh-in ing or cell .diff {\Afit L o (cYh
conpri si ﬁga.tef\% i%ﬁe%(ufg‘)m g’es%%l}?ocro b s1§LnIgfoZga§ rﬁ%%gﬁhzgﬂag{yﬁélé(bgggﬂ?&%%r itggln.leh avi ng
bound t hefetAivel(d) s HEMAS(eppaigisopropylzagdamidesiichyaturenic poid (RLAGPL agig

surface conprises at |east o e - ' 3 Rpasdat@ne exposed
bi oact i veand &y WWW@?%?%WE?&QP%C(%%?@ oinﬁgtl}g‘% f‘gggg?&ucl)tlrllle bl oact i ve

agent or szaf]fgéymm%him@cmkxﬂmﬁh1ii§bdnba1.candi date agent. 101021 In the above
article, the at | east one CAR reqgi o r ef er.abl

n b conpri ses . 3 erial
sel ect ed (b1o8im t he Jhoagiclemnefablyigs a! %h?ned’éqas?é\'%vg}éﬁecoré‘ 9%‘6&58 %%I yne,
(c) a glynme  deniygti e acop) PRI BUM apyécales yledanae), (f)
hyal uroni?geﬁtc\%gﬂ’%gg’hmp%%mgg% and (h) a conbination of  an qf a)-(9).
The CAR regbssotimeiprarectin, elastiu coliagen Licellagen Hlegllagen Ly oellagy f%‘ﬁc hé car
material is bqnded. 010314MThe article preferably has at | east one
bi oact i vePPERSERYMP '8 ng a bi oactive agent which is an ECM ol ecul e or
a growth [ﬁ,ﬂﬁf or. Prngfiey dargcle HeNT AR regien reay m@nﬂqiﬁoﬁhﬁs?urface through an

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 II, an interleukin, a muscle morphogenic protein, nerve growth
factor, platelet-derived growth factor, or transforming growth factor o or B.

[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




vitronectin, fibronectin, elastin, collagen |, collagen Ill, collagen IV,
collagen VI, entactin, a proteoglycan, or Matrigel TM 101041 In this
article the CAR region nay be bonded to the surface through an additional
i nt er redV&t%/02%4# ch i s bonded directly to the surface, BdU$OI3H6ef erably
a material that is noted above. 101051 In the foreoing nmethod and article,

when the jga3gRCt i Ve FigedsOA-$BRRSW gRWtRof 1@f BME d211§ 88 blystylehe s\Gfaovd ddafe@cot or i s
preferably a baone norphogenetic proteins, epidermal _growth factor,

eryt hr opoWVih  fell adgsien Wsmandﬁmgi)fr@aﬁrw,,ﬂéqép&ﬁwé &g apdientsaets 8F, i nsul i n,
i nsul i n- | K@i \MiBrdy AtddNIG in Me f{iéures?@/hfcﬂtvﬁg b&iHE ddval t%%@mﬁ@ﬁﬂ'}@ﬂem c
protein, nerve growh factor, platelet-derived growth factor, or

t r ansf or nfuRigeyridwetMGused kare was ok : 16, dilubameliig) I istaephase dooirest photemisregaenti ve
regi on EVAN! 2 S

conpri simra%“g%(:él"ggso?ﬁ %%%{ lgflcgércfels g%éﬁg%grﬂ% 038{13252ﬁ%dﬂtl%(yeﬂrr{é%lrl\ﬁ%gp}ez\?ﬁé??tveI Y,
the at |®adt donend; oeistary densagit tre edpg/ofithe spot.t Fig. R shovafthasaplewehd witly a of

spots, with.each spot risj a.different. c entration of gne
bi oact i vemglbréerff“.mofﬁ alpﬁ"ﬁﬁ%r{(& (nggp%cﬂgctér ng}‘i?h“- g?ﬁgﬂ'/%oéﬁivﬁ cgnsgaf"? ¥4 t ern on
the surf agugk inBis Eot@%@@ﬁ' PHd frbkehte dittestiARAWsiNB2e Bb YV dIRBfebénce using a
PCT/ US02/ 31166 10031 i gures | A-1B show growh of rat BMcells on
pol yst yr eedanips-tadeled sesand antibgdy (anti-npquse ingpnogicbilinle SimilarresWltearic mat eri al |
HA (i n oxiuiig&chsimeram-4 ddtbn¥tM@ot s of  Matrigel TM (abbreviated M5 in the
figures) which was bound covalently to the oxidi zed HA surface. The MG
used herd08@@s a 1: FignresidAR¢ show Fhfé.rcntlﬂlqn@fM%Bk@“émmqsmgenpﬂﬁcmnﬂbr ogr aph
of the c O\ . . di urvature
of the neiieysiREsHUpdRdEadla lsfBSuIHIPS) L ROt iR BCA TR C2 0T
Fi g. | B showsultived foaik daysldnxwdized FA onto which had heer! spottéd earioubdidiytiohsndd)
specific f nest.i n tin-positiye cells are stained dark in this
Shot ogr aghC- 1By ixebwif TmaiePide and Profsediad igtierhikiior pibpiutseoc
using a ¢nhpeapiodcdddyekrethanzondifRitntiedo 4 MoicibolRUREphdBYPEIARRIEh N) -
Simlar results were obtained using a 1:4 dilution of Ma 100321 Figures
2A- 2C shotiergiverepaiches af alkaling phogphatasenositive cedls apmubiplfdasations whe exifizeq ke
cel I 1T nepAQEyié) ne%ikdiidehdshhatdt HaGEveUlls Wee oBEeradl MMend BUMGRIs, Mipite MC3T3
cells were cultured for 11 days on oxidized HA onto which had been spotted
vari ous dnprgrapid selbgrowphinn these|spats.wEhapreispested RGN praseing linjtiayerm efMGpr ocessed
to visual ihﬂﬁit%k#@&ih@ﬁn@eﬂ%@%?ﬁ ‘ce enzyne produced by cells that have
to

differentiate a nore bone-T1Ke phenotype. Although

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-1II (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.1. 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



there were patches of alkaline phosphatase-positive cells at multiple

| ocations in the oxidized HA region, no al kaline phosphat ase-positive
cells were observed on the ECM spots, despite nore rapid cell growh on
these spoygy gshRsuPpr e-spotted ECM proteins, in the form oPCNE23i¥hi bit bone
differentiation of M3T3 cells. DESCRI PTION OF THE PREFERRED EMBODI MENTS

100331 Conventi onal | |
di scl oseglongatigp obg & aéggxi%ﬁe%% he %Huﬁg Bpo%l:ssgsr mgg*tléx}]s?gglo?&'e ﬂroglgﬂﬁfg{id giJeS, are

Mol ecul afnaglrfUIUd@Q eomllzadammmyexawmmmh(dbgs@gs depgdritesrmseytoppdetitia: | n

Mol ecul ar ol ogy Vol upes I-I Il (F. Ausubel, ed. (1994)); Cell Biology: A
Labor at oFSnspR(fd ge,(an peshes 1-111 (J.E Celis, ed. (1994);

Qi gonuchpehi de Syph h*‘ﬁﬁiu&n@ Meend: or@ﬁncmctlcﬁthgcnﬂmubstNLF@lVéild\ g&{si g promote

Hybri di zatlon (B.D. Hanes et al., eds., (1985); Transcription and

Tr ans| at igoawth B Offerantigionafcells. | eds (1984)): Animal Cell Culture (R 1.

Freshney (19883 a dnﬁﬁp‘&%éiz&da it & @f&dn&ﬁmnmhes(dnabslmmg’sgr 1986
and B. @é’?ﬁal %r actfca Gwrge t()ggmli/t)ll e(S:uI ar  d oni. n21§$)19842= cg 00321 Th)e
20 ha

term "di fEF tdhbslaﬁ tesistive”“QiRT)-thateriah of #genhiereip pecagsegn ein, is
| nt ended mbe br o ac%@?fﬂ ) ?sdr?a%l: dfhibi& RQYkERhied! Bed 3R Yhetehettids ofypes of

stem or 5P O6? uce nore specialized or re or
commi t t eghdaé ﬁg&ﬁylsp&hhm mﬁbﬁﬁﬂﬂ@cuﬁseretws‘sd%\mtﬁbmdé%a&féﬁs%‘gf%i n, neans

any increase in c nunber
of o col ARSI eSS oL 2 b sl by b R i o e
PCT/ US02/s341&6r eégqmgcataldan coffuradevitd arlvassel: Bl grosgh andipn differsntiapp BRELEs are

ext ensions of the ¢ to mand d I
o co mometedier BaBiel DabRaRPrEss Vhich it A SRR ERNES:

flagella. Jz@PFh@)smme"cm w&q)mﬁm "a Gw affindyiof CAR maeid is dne that dedssohnce
whi ch act's to pronote growth or dlfferentlatlon of cel 7&atédlow

af fi ni ty gentrelly edabley andcpseferably iphibits, eel} staghment of adhgrross- thlfSES F'sting

"cel | -adhesion resi : TBhEAdfRles PFeghBRt zomesfaow abfi oreelln i ts
presence, % Bt %{eg‘éggsgrr%?tréaaé hnent tgsaegﬁglf acg |s I nhi b

prevent ed= aBﬁ&ﬁﬁh resistmh:e) [Suitplle o& maferials fncdide but AF nof lyniteddp P%}Nﬁtgdle“e

nmacr onol ecul es  are a |l.ess I| &ﬁ,ﬁ d, &abldli ng to
the preseHyco (IF MR g fen ﬁwef]g‘ﬁm r1 ¥ @Aﬁgoﬁ'ggﬁér OVIC %Irﬁlmﬁart1 hgﬁgor mglof ga

surface Ofpylogd hgﬂb&fof@ogeicbhaﬁdbﬁ imcmdnhg\hymleromc agiss@) andalginigpcidi A a8/ or

gle];];]ez;gm %;Léﬁ»%ﬁ&%ﬁ@é&% fsed Iasnzp tht ma em}f hl‘EenQ{aP Q\?éhtl); ﬁﬁir(‘!ﬂﬁil&h have

substances containing a high concentration of hydroxyl groups may be used as CAR
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 (¢) in
combination with bioactive agents that are not CAR materials. 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 di fferentiation.

[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, etc. 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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render the surface CAR and/or bioactive. Alow affinity or CAR material is
one that does not generally enable, and preferably inhibits, cell
attachnent or adherence. Thus, a CAR material attached to or coated on a
surface cr ¥ B92H48 defines a region or zone of |ow affinPEHUS@RIGE| | s (=
adhesion resistance). Suitable CAR materials include but are not limted to

pol yet hy| edited @itd/£OAR WHuEEMANEbutiSrd andther 615 altdi@itivBlly, mBPby spatddso that
pol y-isopropyl acryl am de and, preferably any of a nunber of
‘l‘%f

pol ysacch&fY a‘f%&ﬂumﬁgmﬁ%w&haﬁiq,acta‘tqraate eparriesdhgivi ¢ aci d (AA) . In a
nor e pref gefopd enboﬂ)’@%rctrlﬁcfaﬁoﬂ%ﬁﬁ%cﬁ&ccﬁ% %ﬁ%?ﬁﬁ@l&wac‘tl% g%gglxyl hi ghl'y

hydrophil1c substanceS containing a concentration of h gr oups
may be ustdluded ARe scope effthislisventigr. ths,adno peeferredi snrfecesi mtendomh aundfarn

mat eri al 8l the ur f fice m act a duci ei t her al one,
) T oGRS REE P (e ondbd CG Ay ROETaBobdSTIch®) &
bi oact i vebnagcam- segidna thaa c@mprise sﬁi@R agamte bt mlxsuresl ds’f&geﬁtﬁ emas;lrtgﬂe apeatis bsedact ive

agents est ed usi says,

ST~ RnowlFiPiboiRR oS Fhap Gpe iR e PRt s ubERnt ol b S8 dhct i on
such as cgiy algit 1é fholtier tliithmerspavingtdringdy. hat©Q@8ddifled dre oTITAR bulrfacé Betivegh' Of
CAR region Is an area on_a support surface ontg .which a CAR naterial has

been pl ackgm: &%IEF&H*’G@B’BPQ‘E’&m élsﬁreteﬁ‘w Fegions as; dyinbuted pnythe swdrceomepf g
second I eiQihrd folifhed Wi o tRSHANSagRhEsodrit afeesmfaécg lﬁme@@msﬁly Ayidhs 3 f ace,

or, are sufficiently close to one another that s in or on“the first
regi on cabioaasiypoagibns ¢orse GARI surfaeed  Secharmyrfacg may @mmelw inelyidobioastive-onky

concent raf, g%@e%ﬁéﬂ o P@Eo"&‘ﬁ? E'urEa\ég(i)rl t?iﬁét?s@&éeeoqahﬁ%e?f&ﬁga@gﬁl na{te‘%f% | aggged

regi ons na N direct. con no other s ervenes, or
nmay be spgoasmay by preparad onl syt suilelds sdrfamfarse fmmtl leelture looin @l alapsezysf WO

bi oact 03/029418 PCT/ US02/ 31 td t CAR
curtace Y LS SRR apehey © el el vy s an sl R EEady "o

surface t dsnt:aetnyln&maatana%aéxﬂ@lnmdybu@fb&eqacpﬂe&erearaie&ﬁmlabveﬁ fRads abdfig dh&eNNo.
100391 Anﬁ georretrl c relationship between CAR regi ons and bi oactive regi ons
inclu ¢lls %%W%‘Eo‘ﬁé of this invention. Thus, one preferred surfaces

s coated (oMo} h 2 umrie%u%m%ﬁénM5éafbrmaatcapﬁeoﬁb@%aﬂoh,of@m erably
bonded coval ent I]y or bound noncoval ently, bioactive regions that conprise
€

singl e agaatesalseleptedtmayeshibit celljadhesion fofa vargng gmeeaé@mexan@l@ss:elystyrene
nei ghbor i agdaSAIHE 59 %/Jg%é{l%ugﬁ bf EA‘%{]LE f&&:ﬂ‘iﬁﬂk%’xﬁ 'c&i‘§dh%ﬁenw§ﬁcr%%§8§. The
bi oacti ve regi ons one another wth ™ no spacing or nay have
unmnodi fi ewmradhts%(ﬁwwuw meéitthecteﬁadkmreﬂchwas séen ahsh hblhre butsintreatiedre nt,
dlscrete re re distri 8?1 i hese are
modi fi ed W¢ aﬁ"tg%ﬁ ?9*7@ °§5‘8H‘Ea% Aag 1\@ d% Hlfya R-only
regi ons apslymbi mcm M©7¢1824 0I999), Gitompofafiid Hliefet@Ed in lﬁtb@lhreey)s ur f ace may
optionally include bioactjve-only
P/ 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
PEIL PLL, PDL, PVA and PAA. PEIl 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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regi ons which are bound to the surface in the absence of an underlying CAR
material. Such regions nay be prepared on any suitable surface for use in
cell culture or in cellular assays, and includes sheets, slides, dishes
(e.g., petwbosodhss), culture flasks, nultiwell cluster dCIHBE2/31466 any
nunber and geonetric | ayout of wells. Preferred are nmultiwell plates having
96 wells, 192.wells, 384 wellg, Q040 eT¥3r PRbhA Gtk GAR vARIuEY, | al
used or tﬂ*@"}?é‘r‘%‘%?glra‘éagﬁ%er?kra'g{l?tgﬁmgé %AR gemat érBi al sel.ec% ed, may inhibit
cel | adhasblaed padtsaf ¥ auipporgurisgracepladedin &xavpinghambgrpsd pminere fgasedd with a
0.5% (wv) salution of AA was foun - G etclrRl 3 days.
Wth a 0.%@)6‘%9\# ¥ yeEp I RYTRFd "be“}&éf ??Eh%ggélg%?&g Egk’éﬂgﬂ%\?\g@ﬂ’s een at 4 hours
but i ncr easRsee seBRE @ Rdat@d plasafalwetiictBreday itb thei suppdyesurface. (Nonprocess and C.

Cassinella, J. Biomater. i.- Polyner . 10:1107-.1124 (1
i ncor por a&rwswsﬁwb’r@ﬁ&s&?ﬁc’ﬂmﬁ‘?‘ﬁE’ﬁt‘?srf’é}ﬁsi .sur%ﬁf)}f‘f %dfnﬁ %’(em‘zﬁg%’ﬁ?‘}% and
mat er i al scRaviiNgoRRs MixheRGfotRr Sisedian ak &b addedadieets admore comples tissae be

used as an internediate | ayer or subl ayer tach direc to the support
surface balfarettteated surfmm. far example, thes ﬂoﬁé’%?’ﬁﬁgﬁmdf‘?fﬁ ﬁ@d‘?sﬁ‘[‘aﬁcﬁsayer " or

"subl ayery_ I Bl (SEERAS Neftbr SntSid PRV fosisivell, ase and
W th whi C%edé@r&i%A&%%{cgerg +F2éicts (preferabl y fglrt?‘icng coval ent bonds.

Exanpl es wdpativehynehacged finctionad gtaubs hatesn Hromagte atachmgpfeof Gag subgigpcesppy | pya
and PAA. PEl may be react I oni | | Ak faverducREEPEOmaPheoVi de
am no gr o'ﬁ?i‘gl on th gxho?ﬁe %&bﬁﬁﬁfﬁegrs%bl %E’@Bﬁ‘g?@d tag%a uCAR mat er)?%l usi ng
car bodi i nde)esieabplol atissueldldrUtrdaredanpidmesurfaspect of the invention, a CAR

material is deposited ontqg a ort. . surfac i C S A

cul ture to4t eg" w&lmlvgyn%égﬁf%arte%n]aﬁ & %%gtsgoﬁt%yog%e&ﬁéa%@gg%er ei n,
a "tiss Ues%& Wirfack! S@nULcofdp périnit deteanifation dindethbathe kappobsenfaceriteelf ed
wth a 11 03/ 029418 PCT/ US02/ 31166 pl asma di scharge in a vacuumor wth
a corona ofitheswblayer ackos 2plinduggdB¥¥harge in a vacuum nol ded parts of a
suppor t SH&fscce 2r & PhB&AYe hiknf AICLNBGRVRbBRG, GpiEilt! amslealle gases

i ncl udi ng" oxygen is punped 1h. Under defined conditions of a parti a|
vacuum asffeetsqphiysiplogical atilslahprocgssesandwhishanaypsanit oeenbaoce sl athesince-dhet s
with the su rt surfac Thi s (o t i mhgﬁ;

functi onal '&fzﬁtﬁ"p’sﬁ%’ﬁ t eﬁgﬁﬂsaagg; e?’h%ﬁ%& r ﬁ‘r&ﬁﬁ‘y"g‘f“oﬁgw %Lgrﬁl%%tr}llgl and ear boxy|
groups. MddedbRactile agtie Bigatesageas gatesadlybnacladicbd arona ligrited ta papsidss.conpl ex
tissue culture treated surface. For ex |l e, the.sur Q I jaTM
product s peErPeBidesdnaiiraber sy“ﬁém%oﬁ“ﬂt,e‘wglgﬁ@g &gtqgﬁne?ﬁnjp%@g\ag}oiecﬁ Eg p@{}}edt ,
Newt on, Nfsat€ 8¢ xdabt JTREs RQStiskie/dah Yerdd 5k a bieghtive ugdny (thduhgedh b prephiadoml

groups that can pronote attachment of CAR substances.
is in effect a collection of bioactive agents). Certain polyamino acids, such as poly-L-

omnithine (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,
Jaminin, elastin, various proteoglycans, glycosaminoglycans and the like. Many ECM
molecules are commercially available. For example, a very commonly used ECM matenal,
Matrigel™ is made from the EHS mouse sarcoma tumor and is available from BD

Biosciences, Bedford, MA.
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100431 In anot her enbodi nent, a sublayer or internediate |ayer such as PEI
may be deposited onto a tissue culture-treated support surface. [00441
Alternatively, a CAR naterial nay be placed or spotted onto only a portion
of supporwosdreHt®e. Such a geonetry permts determ nati oPCHESOMIESHEr t he
support surface itself or the sublayer acts as an inducing agent. 10045] A

" bi oacti vigosagent " ass net&rla BRA&IVE agént %@u&%aﬂ%ucmgrag&awlm crtaRkar
whi ch affect sﬂﬁhysml ogi cal cellular processes and whi ch nay perm or

enhance c#djat pfHetanfoaceniations; Hloweyerea bigggtiye agents may #lpbe 1&@b§ﬂfsé?f edl zone

or regi Ongrgﬂt}ﬁcélllcﬂlﬁ@fehtlﬁl!fnfcﬁ‘%ﬁw;Mﬁla?ﬁﬂ@ﬁérﬁes an added bioactive agent.
Bi oacti ve agents generall é nclude, but are not limted to, peptides,

pol ypept i [648] (nat urlapngem ﬁétoftb)s mmrttwesuarh;oacnmteamnméaam 3dgatli es and ECM
nol ecul es n or _.extrac n serye.as

bi oact i ve-BY: 3}/ o %‘haaégﬁtre%ﬁ%ﬂf fie %r eep%tugg t’i%r(\jo {epglrﬁeﬁfstg? E'é’é%lvg 3 Irg’alf Fon of

bi gag}_ :_ vegragemxﬂff )o:dm&ﬁémanoxpahmmmbocﬁmmdsa b18htﬁ1he&§en@@d:tS(a§-an lﬁamrtgFugeﬁ (PLO
an are e i cers erenti |on

conbi nat |‘6 aﬁ%% é%fﬁaér“ooeﬂo ?tr?“é’Sﬁlrglf&é ’8?10 E?ré:&%é’a “E@Maﬁol ecul es.

Preferr edndmigmgaaﬁor@r@aladomesmr@m dﬂargraden%fm{er&rﬂﬁﬁé tifferdit blogiveagen VI,
PLO vitronectin PLL/col | agen, VI and PLL/vitronectin. [00461 ECM nol ecul es

(see, forregfamﬁwemxapﬁ%ﬁéﬁn@tswe surfgee, gl that plls oap resped tethe differences 1. 11,
(1993), hﬂrbedaewerggemeef &iRbnbo i e&fcéﬁ%sh 8 ofd ﬁgéﬁvk awmg?él'@néﬁlﬂﬁl’?lss ki lled

inthe art. Non-Iimting exanples of es are ronectin,
vi t r onecttypicalisostimudatony to ajcelhilariantiviet afhxwener mpﬁmsembmmgglaw@awslm

gl ycosam %Itl%: gé}:%t mdgrtagignt ck‘é%?ed bﬁ%#@%o gpﬁ‘écmenle@oactwtz (r:eogmwrgtragtls ?l ly

avai |l abl e. VEry co rlgeITMls
made fr onmhibe oEbisvcm tﬂmenémlom nbcelligrowthain diffesentiawor @bbthef detinlaBhitivity).

Bi osci enc Bedf or. WO 03/.029418 PCT/ US02/.31166 100471 As noted, a
bi oact i velg(ga]ent ma}:d %\%qengsor Rmalny pLiakegT mgleRles,yprcally magromolecu esf"S}/‘ff@s and

at parti cart thlemQelNGsHibdctive uRats, YEYEHe bidaddive agdnts\e iRERiRl heldhY FRéERede
inhibitors of cell growmh, cell differentiation or other cellular

funct i ongragmsgledie ?WaBﬂléllaéﬁBB’ai“ﬁﬁﬂﬂga&fl binding polxpspiqesnfor a(ampéfaethlgw regi on
of a surfigding §om£9§%fgﬂ)em $rf}e o0 A R Mo1uld. MheSEEBY ﬁéd‘:‘%:d?}er o,

determne if he bi oactive agl I nhibits growth and/or
In one erdsowinsg (defingd belowk t A Vigansghaitbinds tascellylag receptong or tapsualybgand-himdingas a

CAR mat erdoﬂ{alrﬁad%n%h féth ?&:te 8& ﬁlﬁ%!«xctqk L:E ﬁnd&?ﬂé ?ﬁeh?&? aprlo gﬂ%&{he{dpg (%dalsnent

an induci ng agent or sig one or nore
di f f er enta leswbaftbinding to cell surface transmembrane protein. . Transmembrane proteins transmit

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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regions that are juxtaposed on a single surface, such that cells can
respond to the differences in bioactive agents or differences in
concentration of a bioactive agent. Such induction is typically

stimul at oy §sp2e4igel | ul ar activity. However, in another BETUSI2GRIGE a
particular bioactive agent or a gradient created by juxtaposition of
different bioactive regiaons agts.to .lmhhi o ' Gbhan of
cel | gr oWiFEFr &iceRiPs ?rgfeé!%t ?ﬁt“is?fﬁhe(r%? a%tﬁ"?ggg“@e%nﬁ%ﬁg g\éﬁft\% {){l??htr?g049]

Frag mralnt 50 lg,hilgqgﬁg BEwRich tiR @Quent®is peaftretsly cggsptggdmnypm&ﬁemré@mses whi ghd
are thensel ves bioactive agen al.so_be. bi oacti v i nt ende
herei n. (oeffigh Llodicq 'F‘a’ghé?ig@‘g%e(zg%?'a B ?rﬂﬁogPlcc?g%ﬁeﬁgn g‘?‘%‘f‘]@%ﬁ%gd ndi ng
pol ypept i - . EXARPL 8- adhatthtd AAD), Firnddent fieawrd minimal squegesenequited r egi on
of an Eckﬁg?de{’:%lrg_l. i%eEt‘lge ?r%y be@gd esi on ’g?‘grrgi.ns" édﬁofi DEG DEl vy A

|i gand t fertcebiadhgsion ¢ the EGM miolecrledibrosieetin R FAce hem RS % e donai ns
derived 1 o BGERH OhSvidl a0 GF BN ABICNI DG sRGle hcisn icdiming pepiide! |
adherence as " aresult o [

Ing to cell surface tr,ansrre_gpﬁgne lErotei n..
Tr ans nendomaias pitbineEGM niolecwiasihave bean ideptifisdand sheracterzed APFNARCHRE es from
outside the cgll.to, the inside : BB NS08 rdembRichlsedar e
recept orglj,}]lc ?WMW?@?H“%M%@% flh%lgorchIiE ggnd- bi r?d_i ngrg i(gzllom(a:_i n and an
i ntracel ligth@{nsS AORIAtioNSY ifR gt Fcetyr ddarpeises.twibehvnits, ran cegbieisrandjadioedaigs, | | gand,
a change in receptor conformation or affinity for .ot hei irmrl i?chﬁltﬁé
i nitiat esirawn from aderily of Ko chaim andfoB grembemsy WRCh REUS P2 AP esul ti ng
in anplification 21194 s fliEinDmetifAR dspeeel dfeklabenaiiodi ng
event . TﬁP%C?%%lgggg%eétgpPgdrn%g@lﬂ'?gtlméﬁe_1| fg?lgnsguctin(;ﬁ?g ?I}ﬁe_ surface of a
typi cal rpesived ddhesiangier se.i Mehipulaordefintagrinoligatipn b plasing pepiide aghesioBeept or s,

each wth the capacit o trigge ORAL S SN@ltuder ansduct i on
pat hways.dog3[ns gp é&‘taﬂﬁ%‘f éa%ﬁs‘é:an ?@%’F ﬁ"gﬂ%{g@u”?‘é idva i?mlgtrl;é)rli ?lf eruzlit i on,

di f f er entjp@af) on andiqpeRhapicagaiteingdat ireein bie gréwethi facterg whickdnaysicynal s from

nunmerous |igand nolecules interacting with n OWS . :

nol ecul essyhergistitailymith ByMa s Q;hgrﬂqa@“»?e ESHE %E%@F%ﬁ%?ﬁ@g Fcﬁggrgtrrl\cg%r st and
the St “C({gfférgﬁt{a‘iwgs} &Haaéen%pma&i})fscx@twmams & lypiralipchsr@erizels mpped
recept or - bi ndi ng

unctions to small "adhesion don?FLns" ?f 13 V\S 03/ 029418

PCT/ US02/ 8168y balutije (diffesitlp) neptideser aplypeptides. Rrefarrebexamplesincludgbods o
domain" is a stretc gé)lg@ﬁ : tha%% PGRY \ i&f ogh the
sequence rfl%rpB?%eflgt?cafg?tgné nse ’\fggtegnrrag g di fferrgnt B_f?sgid%g _n((\,grpi ffith, L.,
Acta mmat efepdi Rifding Fattor ZHBB), hepaBnytagrovibt fag o GIGR dnading sk eero¥th he
tripeptide, argipine-glycine-aspartat P Fdent |4 b 8@ tA@cter M ni mal
sequence fequl 9‘4@“&6‘1’ hx&r‘lmtﬁr gy 3 cc%é Bﬁ@hﬁg%*@te%%f @%%ﬁo%ec%irﬂ RGD
has si nceqnR§NpihidNdertvdd Reovith YRk FRDGF), transforming growth factor o or B (TGFa,

TGFP), and other factors known to those of skill in the art. See, for example, Spom, 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.

14



in cell adhesion to a wider array of ECM nol ecul es. O her short

adhesi on-nedi ati ng peptide domains within ECM nol ecul es have been
identified and characterized (Giffith, supra). These adhesi on domain
peptides i WOBAH %Ki th a class of cell surface adhesi on rRcEPieRYS¢al | ed
integrins. A functional integrin receptor conprises two subunits, an a
chai n andoes3( 3 chai@ther uiéﬁY\Hioﬁd’ti@B’hgenfs&ﬂﬂ»lbqu]?fmcllﬁie&:yfdkﬁie@, s&ﬂdas&?&maegbers,
whi ch permt reat diversity in ecificit receptor-|li

i nter actl’d‘r[f's’l%“]g M3 DRERS %? ﬁ?/rség'pp‘éci“? RSPUEHArMBRtsa\[ingRe 2T ’ggrdes
adhesi on pefwnSA thd\Bind4hest bi@RoRineldMIEAvailbled gati on by placi ng peptide
adhesion domains on suitable surfaces can affect cell ?rowth and

di f f erent 98 on i n Ieane embodimempa biogyling ALt Fafctompinatign A suchﬁswusc?éa her ei n

are grow

bi oagtl veHE fo%f\e%i%‘hﬁ) %‘?‘Qgt ada%emecﬁ é(tgl%%vavtﬁh?'g@g er alpﬂ %B%hg nctti ation
or ot her o:fehé inlventiondlieaetivr agefils pravidel &ctedls &n solubld fopmncag.| 3 a:shlpplamhmrto fed as
relatively,sol ubl.e (diffusible) peptides or polypeptides. Preferred

exanpl es %/‘H%’ fUA&'WBne norphogenetic proteins (BWP), epidermal growth

factor (E@p er yt hn opotabodimétIo) exantpépas & contioh@héigevaating bxéirdﬁiﬁ} :

hepat ocyt e ro fa insulin, insylin-like growth ctor | or
11 (1 GF- |ageﬁ f5yc léﬁre aﬁ%“é{tl"% hard LOMREP ARy PRI G RrR- cﬁgta’cné‘?gﬁgow erve growt h
factor (m%hm vt eddded gRfWtl 8dtodd, QWdinalielly Of sehdiP&ee melifua) SippldMenttd@s owt h
factor a or P (TGF(X, TGFP), and other factors known to those of skill in

the art. dssenbedderemnsmweade, Sporn, MB et al., eds., Peptide Growth Factors

and Thei r EigFeptor%thkmFgégrﬁé 4 B usd IR i el 69 9ot L cbnfier 1 N

i ncor pora ed by reference. ct ors can be ISoO
ti ssue usmagl agqolyemdrisafizes. bMosIh:ecfmwil are pdyrhemlmpmrt prrfadesc Salitityte supportrbi nant

nmeans in baterla est el | the eukaryotic, cells)
For exanpl' 5F e % 25?55? gga %%agﬂve @h"% afi%?kbpﬁﬂaéteﬁ?laﬁg)(?é and
TG hawdbmﬂasﬂb@ﬁht@,&;dtdfﬁpﬂﬂihbﬂﬁéﬁ; fikns aereeabfscdnd nﬁcmﬁaﬂcl&“ antymeo, CA).
Many rowtg factors are 0. avai Iyaﬁnég?comrer cially fromvendors, such as

Si grra ChetHriagss mgy, compgse P@as ydroxygt) YISk Bel¥thyencderepihalatel, Al t os,
Genzﬁ)’drﬂte(tﬁﬂﬁfféétWEﬁe gﬂﬂ)/(st eergbllymﬂﬁ l&hlGﬁ%é)”Pdly(hexdﬁ&Dmﬁb‘ﬁ&E%

(M nneap bot h nat ural and

r econbi naPRYHE ﬂh%roethnlewb M(Mmh%e ﬁ*@nd@‘c;@szwsime@yll[ 58'@5316) apdrthersdisppg
bi oacti venBeeat §la8Py ngg ﬁﬁfag&%&t%nﬁdé;g@yeem roBgHﬁ&e%naégegpﬁéabé Iso

la
i nterl euki ns, ﬁat not be grow act or r se ept i dqe hor nones.
These ar ecqmnplatkthomn in the art and nost are commercially avail abl e.

100541 | Mot8f enboqh gﬁgémbo%ngérgab% éX%A@@%&%n?{ fo%ngcpgg)t'hn%ppglq ss)rfaceUCh agents

are
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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deposited onto a CAR surface and are preferably allowed to adhere thereto.
I n anot her aspect of the invention bioactive agents provided to cells in
soluble form e.g., as a supplenent to the culture medium 100551 In one
enbodi meniyg §spegxanpl e, as a control when eval uating biBEEVSBII6Hgent s,
cells are added to a standard comerci ally avail abl e serum cont ai ni ng

R gﬁ%ﬁfjgﬁ@m egxug 5&% La ru%ﬁf?\y&\!‘ z%ertntqgaﬁo&ted%n%oei OARIn{&byal irPa S@idum free

medi um erein 1s used. [00561 Suitable support
sur f aces phm’yse, hmgemaslranhmummnmlmchohonmmakwne@ee@Pléﬁ’i ¥ metal or

pol ymer surfaces Mbost, preferred bl
support IMefif aces Thebip t‘f’?l%gef’b?‘ﬁ%'a%"f ‘8’215%{2)?6 gcgg%r e%w‘tb%@gél(n ;;IS/-P?C ©
di shes, | @360 dlafd rﬁﬁl‘tlbféfblciﬂcmcﬂ‘&boﬂgscach\ﬁwmgasdlfﬂemt cancenttation Ogtb

nenbranes, filns, bioreactor d ticl
conpri se agat. yhﬁpﬁﬂ’@kﬁl@bm?@f %gllr:]"‘?;?é‘g'r&?gg%&o‘il°§cp(p§$?fﬁ ‘gk rey e@%%ﬂ%i%ggtts%;m?

pol y(tetr gPhH{nQ{?&d;Xﬁf&ﬁ) mp%ﬁ%ﬁwﬁr@lds St patachs whéreinithiesame or

pon(hexa uor opr opyl ene ); l'y( trifluoroethylene), poly(vinylidine
fl uori de)multimé y(fﬁrermeblhgdtlvs lagqslfée?ﬁéypogﬁ@ilsdt’%%‘?eda | i cone rubbers. Q ass

support aces t
cont enp Sl 5 05 B REH PG A B Bl e e o g’k‘gﬁs’s” ®on Lhe
g

E Iug 28;1 t &u?/BaBneatzcnae aghnmaoﬁtlt(hmegtaq_e'mell typeimaydisiusediBdhe Mé%eéf Be
jugation te ue |
Enzynes &¥ek a@@l‘Fé"‘P?‘ﬁ‘g’EW%c *’Z@a‘agﬁ pretf%?élgagém ah%(PéelH Edﬁmlésg?@mom zed
gler mEt)lnsom.,ﬁ{ancﬁl,fats§L ggmmz So:\:'inéeﬁledh‘sf iméreypréfegehenbiaiherittess celk@sishi-c Press,
an ego, , K " f
Col I 5. Etpscer i g Semisel s detined hedh s polls PaE T REIOHS T 01T TS5,
[ 00581 T%ﬂ&ﬂ&ﬁgﬁg irk émt%xe @mm DR VIHE IS8 rspedlaslzar aifearabiaged@emmn@dy ewval ently
to HA. Th partially oxidized with | dant t? convert sone of

the cis- dmdif&rdma@dOatetbélﬁﬁué'ndll%ﬁéﬂi“@% ]adFWésﬂée ‘Pﬁ‘ﬂ? plogn el MaFEEhyde groups

canthenformShlff rs
ditfeteltidtBEcNE SRS geftirall)i dharitier eeditgeahdir
Exanpl es GABRTHC § |1nc'|te de p%t assi umeper me%nganlayt e or eferably,

i
sodi um pQ{elvadp;haltal[dB aﬁﬁ:ienltlatw,e gntemltlelr rTéldS iy othtipatent stem 5"?lb°‘a3't“fe\}g agent is

coupled to one o t
et angul EPAAR becteo i teish S Eerpribals iahiafsdh Reditd AL A 3P0 04T

PCT/ Usoﬁéﬁmttsﬁl%m&h@ﬁﬁ Pr eferabl y, a bioactive agent is deposited

onto a material in a "grid
[0063} “Embryomcgstem cells” (also referred to as ES cells or ESCs) are a type of

uncommitted, totipotent stem cell isolated from embryonic tissue. When injected into
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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cells and osteogenic cells of the perichondrium and penosteum, respectively; oligopotent

adipofibroblasts of adipose tissue; and oligopotent 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.
MAbs 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
denved 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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Pl uri pot emd d&te:ltdbi;c telamerase activity. Short-term HSCs differentiate into lymphoid and myelmd
precursors for the two major lineages of white blood celis. 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.

18



remai n qui escent, and they can be stinmulated to proliferate and are capabl e
of extensive self 17 WO 03/029418 PCT/ US02/ 31166 renewal while remaining
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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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form In other enbodi nents, HSCs fromBMare partially purified, e.g., at

| east about 80% pure, nore preferably at | east about 85% pure, and even
nore preferably, at |east about 90% pure. 18 WO 03/029418 PCT/ US02/ 31166
[00741 " Myjg @aghigomal cells" (MBCs) refer to a subcl assP@F/US02/31166
notn-herrfttopm ﬁti g stem cells fromBMwhich, in vivo, give rise to
osteocytes, chondrocytes, and agdi po from HSCs
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i nvent i 0gighg! HelBSreHBar dHftotaruelialaeDNeednd/oo prastimrimpedancopefa edecirisal field nel udi ng

clonal popul ations of stemcells. [00761 Th resent ;1 ' hhiisstrat ed
W ht ho (sl Grunieh DBFSRET S TRBHEn Lo oy O o e e T ©

mamal i agy BNList ene&hhte (A VR pralicten BMhsliken cel I s and their rogeny can be
I sol at ed ?rorﬁtﬁ{eﬁhrgheve(mt, {Tﬂlﬁgsues of hunmans, pri : eg a>s/ wel | as

[ , .non- hungn
from equinsgl cani n@ifferentiatien mpyRg F5eess Y&XRE,SS'%H“‘Pyé‘rggg%'rp speci es. 100771
Met hods of L&R lnzthlr%&gﬁltogﬁhlcﬁuy% 2 EnivBbHerticu0 wihlysis, bhenaitatiandthersof. o f ound
in, for xamﬂ , U5 Patent "No. 5,827, 735; Young et al, In Vitro Cell
Bevel Bi @il(axﬁ;ﬂé,:tﬁ’ﬂaeﬁﬂﬁe whatber3) partivsls proagtive apent, GAR materal areompnafioy = 11 ggi) -
Pat e et .. ~Suraical, [For ; e , 18it adide present ’
i nvent i o??‘eé@gb“‘%?%? |egéhst?errr% ?ﬁgl(é}'lé%%régég?%%?ieﬁ%@%h%g Ok?ggenge of P g\r/]vt h
i lr;dluc |t ngtcagés?bﬁqiﬂg toprrthin @ehesr Meihbdsfor pchanilysis A el kRgWA Ju e &t ‘*8@/ their
ability to elicit.. stem cel r ow;h ' (efalpi S gt present
met hod magelyse atﬁ‘?i‘&c tﬁ’"f"ﬁ%ﬁ?#@r(gg'c%%{?ﬂgg{aséérc%hggﬁggclt(lgg’m iﬁ{%?ﬁgﬁaggm or to
i dent i fy agoR@WAtoRCME YAgd Bgaridizatibh B itbbe sequemeessmwbio 8 imearthefm anAlySifet hod of

the present i tion, I | | f . hi '
Sur f ace. ARaebroRiad dscisirayy SHran ols e ARE Flay SR BPFRIS AL SRRRREL O D) P

are pl ace nt i . e : gy I
it X Eﬁq}e&ﬂf{ugelg% fsHo8sibla RfgenafaleDN libfapieqto abservertiBerontlal , ar e

: etermne if cell growth S QCCUrT at _bio ive
(r) fegj[ (ﬁn s b_(llispilﬁty_ oTABhes m? awrRxpressed flopgxaple Kl ?5‘3§ggr ?"glis rﬁlfﬂbﬁ%td%oén & e g‘[? 'veness
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appropriate (1) bioactive a t i al . i i
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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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materials, or (4) a region having a particular concentration of the

bi oactive agent or CAR material. 100811 Cell proliferation can be assessed
by various techniques known in the art, for exanple, by staining foll owed
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conjugated to an antibody or a particle by reaction with bridging molecules such as
carbodiimides, diisocyanates, glutaraldehyde and the like. Many enzymes are known as
detectable labels for immunoassay, preferred enzymes being peroxidase, f3-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, l1A4 (Sigma)], cartilage (collagens type-
I [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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Met hods Enzynol . 178: 497-515; Wnter, G et al. (1991) Nature, 349:
293-299); Bird et al., (1988) Science 242:423; Huston el al. (1988) Proc.
Nat|. Acad Sci. USA 85:5879; U S. Patents No. 4,704,692 (Ladner),

4, 853, 871ywo3dd6ag 78, 5, 260, 203, 5, 455,030). 100841 The PFEB¥ABlGEt hod
conprises exam ning a cell sanple using an i munoassay that enploys a

det ect ab | ab t OfhARrsaB g, Beutal precussost em

cel I, wlf,rgnlp%rﬁtep }tlqu : er@t%ie):s dseeté)%&[cﬁ{eal |'s, 03 ?l ssuesptrt hat conprise
such st epRIGEFORSEM, IDSHBQ},mystm [RAOB4Y, Dsﬁmgsurwﬁr[%ﬂ&ﬁlﬁlhgleb@ﬁme&ﬁal

anti bodi es _are well-known in the art. See, for exanple, U S. Patent No.
4,493, 795‘?%%5@3 et al.). A nonoclonal antibody (mAb) or an 20 WD

03/ 02941 8ok T/ USOZ[/{ﬁthlﬁ&mEtaﬂacamhﬁlusedierasswicbetlmmreﬁqim apddiffeentisb®rar ed usi ng

conventi onal nethaods and ybri dona tech | O rtlow,

E. et al Suchhasapigastics ing ‘L%BB‘FE’ICSPV] I%eﬁfj td,g?/ydc eﬁ%?dcegsgg EE%E%?&E;B‘E? atory

Press, Cglg v@ﬁ{ 1h{?£beh|§l'é.pﬁl§ers MYan(lﬂ&&ﬂDon o\m helronas phm(yppnhapmdenchefmahl by

ref erence [ 00861 I n one enbodi nen resenc[segaa@ |fferen %%t ed cell
y

expr essi ngunded mpﬁtm@@eatedﬁr hlfmcb’:a@gtce% VI”F nifaknue eRnyely L ¢ | abel ed

primary [ £ oERitARGed¥éd lincRf fldratehsd shi;ﬁcﬁﬂi’esllﬂiﬂlaiuel ed
pri mary 2%‘%3(1&% % &gh{actggr%t gbl ab(eal edmsecondarg1 ant i_ body ecific for

the Ig lsbethtqﬂemmhlet aikalmemhaspynamqacbwymamél%ﬁeée% ifferpntiaty. G@E‘SE& ably

| abel ed anti.bod bou Q RSt HRHe HigfeRatidiba, appropri at e
met hod t RECIRIEN ‘ésb’}gfs mtrét?%aggisg%?%%égqﬁﬁé ylge of | abel . This presence of

ant i body (g@ind to Themethbd of tshxsnmhntlen iswecfol for dﬁt@ftlégé‘llhtieéiﬂﬁf?i?f‘ceﬂé“éww a

thod t hat t t of ah ) .
TV Sual | inGHegE ag M Gtk SRttt e ARl g et St AR merter o1 1

enpl oyed Al afliiraRMehti vlBSres RO GRer cellfduuﬂn'eqmm’regermdcdwnﬁlltlgnﬁr ddese when
exposed to ultraviolet |light, |um.nnescers, gﬁ(lil ‘i e@Hﬁhﬁpl tabl e
f | uor escentblespromparispacf groveh and{prdiffersntiatiop gligells pdsr 'HSU?"ICU ceél
rhodam ne,e &phﬂg&gﬁ%‘;%mm%&&mﬁém »bhluﬁnﬁﬂduﬁ;kg:cbtﬁﬁrvaf(ﬂiléaunstmt Rbds of

9

conjugatln els to proteins are well-known. Pref (?
r adi onuc|gesiniss deteemination ofelhich agant P@Wﬂon e@%&l‘@f‘?sﬁb "b? d%sﬁe MG op 35S

36Cl, 51 O, 57CO, 59Fe Retcsa hdrkew se
usef ul arfcf cAEFBE dUaY ?fe%g\gr)]} °g§§f%"f}‘%h pr %sent ut i ?I zed l?rgfk(;lrl metric,

spect rophgigenetric or fluorimetric techni ques The enzynme is conjugated to

an antibody or a particle ctio th b
car bodi i fP®&s, dii é‘bé?’&lfﬁﬂeg§mb§$‘f]’teﬁ? §Wgﬁm(§8ll§aa§g5§}ﬂ J@&ﬁﬁ’t%ﬁiﬂ@b‘%ﬂ%iﬁms are
known as Hﬁﬁxfg%%md%ffé@mﬁ%nfopﬂmlsmﬂamwcnr eferred enzynes being

erOX|dase I ucur oni dase,
P (0093] 09 In another embodiment, HA is coupled to the surface of a culture dish and

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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urease and al kal i ne phosphatase. 100891 Cells in culture can be treated
wth an antibody to a differentiation marker to determne if cell
differentiation has occurred. Antibodies are known which identify cells as
neurons, bY&3WEME and the Iike. Non limiting exanpl es ofCHHIGRZEHEP es
useful to detect markers indicative of a particular cells type include the
foll ow ng: nesodermal markers indi GXKAMPLIE1 nuscle (e.g.,. nyogenin [F5D,
Devel opnental Studi es Hybri dona Ban DSHB), sarconeric myosin[ M- 20

(DSHB) ], fastBonk Mdrraw-derived SteMYCealls Diffesiiitiated i &SN EurdRAVBrogEiAtdR(CMis 74]

(DSHB), snooth nuscl e[ snboth nuscle al pha-actin, I gma cartil age
(col I agengiotiype- | IThisdxbimple dermioRitratdd @ifferéritiaieh @ﬂaadogﬁraﬁ&ebﬁbow\maabw DSHB] ,
endothelial cells (endothelial <cell surface marker [H Endo, Accurate]);

endoder rraﬂlle%?llééwéwbas soptasppgedih foysethan 2‘10‘\?\@?5’35’1@@@)4&‘8 NS Wsn3h31166
Chem con]gi&piiifkald élJltuFe%'dn Jédﬁﬂ@éb%mn%ik@ﬂﬁm@l@&l@s%@&%ﬂ%hm%‘bh%& (e.g.,
neural precursor | s [ FORSE- |, nestin [ RAT-401, DSHB] neurons

[ 8A2, DSHB?X)dlzqdellﬁAofl‘msmnpls alsp RO, m@mBgl prolifpgen ofjseahdd¥fes yridst thgsecan be
used t0 aRgE %msc ﬁ?&ﬁﬂﬁ&%’wﬂ‘ﬂcg&% ?Jlﬁ@{:l‘r&&d S'HA sﬁ}’tﬁ&s%i%%ﬂ%{%” sti cs
i ncl ude roun are S and spl cel rocesses or long po ygonal
cells wi tr’mtsu]ipn@mtdduh&rEd‘:Mnﬁolmm) an i ndi cat| on of a neuronal phenotype;
t he presence of sn? ﬁunded It| cI ea}rﬁd or_.bi nucl eat ed ceII with a
central nf®Pleus andN&rs Aprepsted rom ‘Egrs T venNeryay rafs apdgyspendedin

presence phosgRalel buTieeddoaliRAPBISN &2lls W&ﬂ: pakRA G66khSd dckkeh W6 Rove 8t Brakleup
skel etal nuscle; al kaline %t]josphat ase activity maﬁ i ndi_cate bone
€

di f f er entdegTeEaiES andaw ere GaMectsddyicantrifiegaten. (Radiload; qellewersilysed by heglonif so be
used to iggRblifiy cpf?)pl@eQﬁcfxfnﬁ[c%ﬂ:ﬁ'c@ﬁé&ﬂecté@Wé&?&th@atn@ﬁt *i*ﬁééefeéust\béré i nvention

is useful for detecting subtle differences between two inducing agents
when t he ragpepandediinegS mit eSHYYh EBS amDulbe¢aai-modifippBagle’s ivediwme (RVMEM) ng a nore

uni f orm eéﬁiébL?ﬁ%@&‘%M"ﬁ:ﬁicﬁl‘ﬁ?&%‘é&eﬁté?m%ﬁebeﬁse&%]re %ﬁﬂﬁéﬁt@dg hé eh!%n? (gnd

condi ti ons arrson tiation of
cel | s undeuntshEhe cefls (.@pm&nrmftel&l(ﬁ) wwieed dltuyed mtfoalfnﬂwlzmjpla:gmﬂmnoxnd

conbi nati.on er eo al nin r vari apl es const Thi s
e ra bl S el B el R B BTl o by e frbeRR e Pt | a
desired oi¢ll€ONBr-adierdht cells feoR thad dultareoLié takén BF cesﬁ:lig with BCM sibRBlegdrdon al ong

a certain path or to a particular stage, [00921 In a preferred
embodi rren‘tamB?\ﬁué%é"’rﬁ dibe cellszyee diyided amape {ire 60 qumtb@@m dighes thathadifegy | n

the di ffengntddds oMo MdbSeett B8P BR)skiendeRBRdbZEMA) 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:

1. 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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[ 00931 In anot her enmbodi nent, HA is coupled to the surface of a culture
dish and ECM nol ecul es are deposited onto the HA | ayer, Stemcells,
preferably BMstemcells, are added to this material, resulting in

di fferentiygbofirokdt 0 NPCs. The latter can be visualized PGEUSE/HEIb6ant i body
to nestin ( a marker for this cell type). 100941 I n another enbodi nent of
t he foregoing net ho HSCs deri ved s avitgel |
popul at i &H“‘Eﬁq “ﬁﬁtlnl%‘géiph&ﬂwe'bég}glﬁﬁ # ﬁ@a%%?ﬁfocﬁgﬁgé%??%@%%ﬁ t he

nodi f i ed 05194 TaRAX-A0TinRBS@BSA) andifuftherienubatad with a 1: 19gBlutipmofriedagies her

enbodi ment, the differentiated NPGs are.enriched.or | 30Ugh.Ng
convent | GABIPEAtE gpaHRIL-MANIe IRIMIgOBIARHIR AP YT TR @ﬂ/mﬁgéne%ﬂr?é?\?]gogs t hat enpl oy
ant i bodi @SS Refl idshed PEmMPGItRBKE aid meuged inrMdswioh (CaABIOEB M) HEVINgerAOW
general |y described the invention be nore

,. t.h Wl , i
oy ot osbseradouing aNiker SRAD iyt singroanr i RumEr PR ERAoY L e

by way of | @8 usiA®'d SB5t@ amefa ahd haBEladd ssiviage.l | mi ting of the present
i nvent i or{‘,“a%‘ir?l‘t%s&gfﬁgc???@%. 2 VD 03/ 029418 PCT/ US02/ 31166 MPLE 1 Bone
| B

Mar r ow deeiteled St eFig@eel 145 1Bidepiet rehBMastam polls grovansg analt 1o dyEeh lor el I's
101071 Thjs, .exanpl.e %mﬂﬁ i st At 11Ahédihase ddapbdt alidrograpf bone
mar r ow %Wééela ghe( I'C %rgﬁ%%?\iteg#ﬁg{led W th fee\cl?;era t han ab(;urt }0% VBCs)
i nt o NPCshukein Fipel A tieentlcehlbs seanegrowing t 2lighet dansityondbearpisf e dem

nol ecul es_ absor hed .t gmd bilize iy Q- SUPkigreh8Rionlews

i ncr eased$HME ?té‘ﬁﬁoﬁm%?o"sth%ﬁre%s‘&gégg}déﬁ%ﬁ@géﬁgcgﬁgﬁti ons (and when
conpar ed mtdald foNSKEESs detdcted bywidualizadomwof rddtiss USifnileptssulisdnet shovar) Vere not
suppl enented wi th ECM m)l,ecu{@s@g 201081 BM was harvested fromthe fenurs
of Brown qusngdpsingrad ddiytian et MA8H i n  phosphat e- buffered saline (PBS).

Cel I's wergpassed tQupferéhiaGéESIBM Gtehbialy ntoNPOS eak indpceddydiayee/8s and
were coll'ected by centrifugation. Red bl ood cell s Wer.(Faﬁe{%?ﬁgéde“%got oni c

amoni um ahl ot orde! Gdititinnc Acmeatar persprtage s cRloverg diferent i8N “These
cells vere res g%glg%}g&oql wdl CfQC‘{Tiin aftfas PR SohRntAtoR F Mutsgel®diAlihedgiEagl e’ s
u

Medi um ( ¢ mented W th penicrllin and streg{tprrycin. |1s were
enuner at esbnizyceh pralitahtioney asrobsarvert an regines evated avithdbp 8k Hatas markedllesrer e

diluted into a further.20. nm of mediu i b gl orhflorPofFal con
T2t | ssuBia et o Ppse  goue B Pl AT RPe apikalpidd Bt phlgrkfo
Non- adher @Rte|GbWard tHeOVatrigeIs™ atehd ol the platecparidubanlyf noticeablstin figg Wt AvEai

nol ecul es and variqus surfagces. cel | re. divid ive 60 mm
pol yst yr ediffergntigtion of BM Stﬁlgd:e@%l@ﬁ) I}p& was not detectablé in'thé gb%e:%goo@%CM

molecules.
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prepared as follows: Mtrigel TM (BD Bi osci ences, Bedford, MA) at dilutions
of 1:4, 1:16 and 1:64 (and undiluted) was spotted onto each of the dishes
usi ng a Bi onek 2000 robotic workstation equi pped with a 0.45 nmm di anet er

hi gh densi WP B&p¥I&ati on tool. Spots were arranged in a REH/USREt6ern. The
foll owi ng types di shes/surfaces were used: 1. Falcon 1007 bacteri ol ogi cal
grade pol ystyrene (BD Biosciences, Bedford M) 2 Fal con 3007 tissue
Culturet oot od _No oNE ala :Im-- h Ya BRYY h__n aco |Ose

di ssol ved i n net hangloaaqlw_ pdgg.&\d over ni ght (b@fe;él;..gg ofle a nore
prot ei n- adhesi ver ace 4. Fal gg or§007 di s@ @ % th nistimakedry @lfode
(see #3) 5. Falcn f? di sh -u § 't"e& he HA was oxi di Zed
overn|ght 3 aBs PEWHer o sodiumnaori odat e 0 d e
cis-diols|to alnﬂneﬁydmltgneups 1Da_r09m After 2 day®® of cuI ture Yére pI atles
were washed wi td%a_Bs"ﬁtmnéemvep.bmg@mher ent cellsp and the remavgd ng

adherent [cells 8§E§.§{ rmal dehydg 4 n PBS. The ed cqglls

wer e per neabi | |%§rd|' omtﬁ'ﬁg% Trla‘?IIB 80 5% neo 4t al goat seru%sx Pis for
30 mn. at roorRWehBEPEre. C¥IPRSBr e then i nctlbated in a 1: %0 dil Jtion
of nouse |23 V\DWIGQEMImBePCT/ UsSoltdgen166 anti-rat!3nestin mAb (Phar ni ngen
Cat al og 55630%|yf.L0.bm](h|hé Celd:@uag@{m vvashed 3 tgrres vmth 0 1% Tri tod
X-100 in g
r hodani ne COI’lj l}@hftleHS'QGat ant¢°"ﬁﬁ%ﬂs¥' i m‘runogl otﬂJI in antiser un’(?SChem don
AP181R) flor 30 rgoly-L-iy6iakl s wer gitropediad 3 tines v@ith PBST and nwented i|n
Mow ol (dal bi oc :}1 ygﬁgl S Ver @oiRagrved using g N kon TE300 inverted

m croscople with e uorescenc(g "Ita @ nati on. ges were col |l ected Using
a Spot caera a ya's?BfBFat ed sof c9&te. [01101 Flgﬁre | A-1B depict rat |BM
stem cel Ijs growin®ly-lolysine1: 16 dfibienegin of Matrig®l "" as the ECM mat erijal
bonded t o oxi di zef-HAsinen t he pbasieincontrast m crgograph shown in Fig. 1A
the cells| can be geERsHEOWM NT EQiaBedigher density on the areas of the|plate
di spl ayi g I\/atrl I %s!tﬁan on t a%1reas coat ed yth HA onIy Fig. | B ghows

di f f er ent|_at i gn RYY-L-BE) cel o J§SCS __ac _detected b ) at i 9N _Q
nestin. imlar Setbies not s PYMigroVer e obtal ned using a I :4dilutign of
Matrigel M [ 011 S |ff of BMstemceIIs into NPCs wag

[ nducgd iy Lﬂatfv.}M’r LN %@G%&I’LU%Z -eH--eH- A-gr-eat-er—pereentagq of

cells werle_di ffnﬁ?yelﬂﬂ“é{t“éﬂ at tpﬁb‘ Ll'yﬁl“%ll I ut| on qsncr eased prol Y8%ratidn was
seen in algeas M Al t houg sone cell

pr glsl fer askln'é r‘Iur all(fg %??étq:né- L-orn %g‘yﬁiﬁﬁﬁwg qb?%écnn Uﬁor‘?&llr}/ ’col*a&en\/}@:%llgs% ked| y

| lil, collagen iV, collagen Vi, laminin and elastun gave values in the area of 21-25%. Controls of
polyamino acids alone gave results well below 20%.
Z All combinations yielding 2 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 (se¢ above) were added
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i ntense than on Matrigel TM coated regions. Furthernore, there appeared to
be a mgration of the cells toward the Matrigel TM areas of the plate
particularly noticeable in Fig 1 A Overall, differentiation of BM stem
cell's intqd\¥esoms not detectable in the absence of ECMCHBS@BUSes. 24 WO
03/029418 TABLE 1 PCT/ US02/ 31166 Bi oactive RegionD fferentiation

Factorl Factor2(% Nestint cells)! '.ﬁwnﬂ:r 2 t1d Eedun®l ecul
pol y- L- oPrf_ ?W_Fz:lﬁfe ﬁ?hrﬁéﬁwg%m%%f%-aﬁdor ni t %?%?ﬁegﬁgg%?ﬁggﬂ?sﬁ ue)
pol y- L- oprishdvimm@iblesigen VI 44Yes pol y-L-ornithineVitronectin2lYes

pol y- L-ornithineCol | agen 3 ly-L- i thi . :

pol y- L | P&iheCol | dga* Gratuges Bt FBH e AR FERbAHEbolpbide (polyamino

Bgl )>; 'E : Xﬁﬂ)ﬁﬁg@gl\@%ﬁcb&}v@@fﬂc&vé ireliiceeCal| NR() diffeteqtidtion: PLO/laminin,
-L-lysi'neFi bronectin ol y- - i neLam_ni nl Ve L= bV i1 .

ol v L. 1 JEorwemestn s rendebim Vi PLOMSHiRERY SELe Db i sy EhARapeaaen 117

pol y- L'°Fq§h§iﬁhﬁﬁg&%mb/ﬂ>lyl§b&ﬁﬁﬁé€m was¥fedtiveraged cel |'s that stained

positively tor nestin A mxture of all 10 factors - poly-L-ornithine,
poly-L-lysine, fibronectin, vitronectin | lagen I, collagen 111,
collagen 1V, collagen VI, lamnin mgi n gave values in the area of

21-25% Controls gfe FHOMMBRCRE HPraholfe Greath eEMIBTIVEAL bel ow 20%

[0114] This example demonstrates use of the present method for rapid and facile
ascertainment of which types and concentrations of bioactive agents effect cell proliferation
and the differentiation of bone progenitor cells (osteogenic stem cells).

[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 a-
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 I.

EXAMPLE 4

Screening ECM Molecules Using Growth and Differentiation of MC3T3 Cells
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2 All conbinations yielding > 21%nestin positive cells are predicted to
be effective stinulators of NPC differentiation. EXAMPLE 2 | nduction of
NPC Differentiation of BM Stem Cells Treated wi th Combi nati ons of A

Pol yam no %€ ®@/03Hd8 an ECM Mol ecul e 101121 Studi es were pePGBERA1166
evaluate the ability of poly-L-ornithine (PLO and poly-L-lysine (PLL) in
combi nat i jpng t h EGNseRbBpldemohRratel usddfakepredet ﬂbths&f&raztm@mcpﬂacm BM st em
cells into NPC. Bioactive regions were created in wel I microplates on a
| ayer of asreatapgirabef which mewdfgvgﬁnsﬁ@ngefbla@éwewr@tsagem@ cgési gnat ed as
Factor | difftEhdiokkiihg MRS TIRRAL. %e&dﬁatéaﬁg a1 EEMrHh BHEANIPRE 3 W dde QR Case,
PLL) were added to vve% s i1 n which HA was "oxi di zed by periodate as
descri beduawereinaibated frantadditipam § d@YS 0 @/tothl duituretinteprabefelicdaysf At that

bor ohydri, bove)
ver o adacaes T BE RGN ibiteclgs AR RAEA, BB il he ol of 12918

pr ocessechhasphatas&whinp iscndicatiMe®f ddfednt ationaf MCERY @dls angdmosshonedike ar e shown
in Table 1. 101131 It was concluded that the foll owi ng conmbi nati ons of a
pol ypept i ‘(tﬁiﬂ yanm no acid) and ECM nol ecul e were effective inducers of

NPC di ff qoasit i at i omiguls QA-20khdwithat dikEehiidtion BRE 1 1NMay Pl Quialel RE&Fd\Unly
PLO vitronectin, PLL/coll aq@n VI and PLL/vitronectin. Additionall

PLOY L bt aF 16 A g UAred EN MR, Gl oRapes o EeA TS dun dacking
Pronot i nog&us1beuRs Wik &@ﬂe}eﬁu&%m alkiife ho@PHtSe- @g?mscten@t@&afeﬁe of the

present nethod for rapid and facil ascertai nment or which types and
concent r zfell oraifesptic, éﬁ@%ﬁwda@w& dovasealyl evideot infthe presesee o t he
di fferent i ™0 I I 01151
i i me. Ot MRG0 P BloRR B Rlol e, By 30 SARNGecbbREMER el therss 10
cal vari a-tleMG3d4d celd ling)kli Astnt{afipmto a]bon@flrkb pBimotyp23, 899 (1981)). The cells
were cultured in a- MEM nedi um suppl enrented with 10% FBS and
peni cil | | trept o rocessed t.0 .t he bone BM
cells int rrpl el lJF %ﬁ%ﬁgstcf\i:ﬁed & onSY oratedg] { e%rﬂc nthe" % iFe | ture.
Cells wer\ehdthettspeaiﬂcyll)pinab@draaa‘d oanbtel atively | ow densi ty. The presence of
al kal i ne phosphatase enzymatic activity was detected colorinetrically
using a qermer ci al Havinghoerfullsd@omrbedithig imvshtionsit @l be hgpreciatedty thasecor ding to
t he manuf %qwrer s directions
skilled in the art that the same can be performed within a wide range of equivalent parameters,
concentrations, and conditions without departing from the spirit and scope of the invention

and without undue experimentation.
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[01161 Proliferation of MC3T3s on oxidized HA spotted with 4 different
dilutions of WMatrigel TM (neat, 1:4, 1:16 and 1:64) was eval uated after
five days of culture. Attachnent and growth were poor at the two hi ghest
Matri gel TM&MFHEWH ons. At the 1:16 and the 1: 64 di Pat/Usms1uh
Matrigel TM cells attached well and grew to a confluent nonol ayer over the
Matrigel TM s;lgot. Alttigiiag sone growth over areas of the plate | acking ECM
was evi BHATIRC dly lower. [01171 Gowh of MZ3T3 cells on
different dilutions of Type | Collagen (BD Biosciences, Bedford I\{A) was
al so tested. SinilAmethodiforevguativge saadidate seens & its el gropgiyducipg ateqly| |

prolifer t} on .was .e(gi dent .a&hhggpﬂi %oncent rations of the ECM materi al .
Ther e waSIerBHEORPAMEAT VI GOGPOWE at the 1:4 dilution of Col | aﬁen Type
| than that i@gucedmiivigabeppot sirfaielcoatcdwitbi chlradhegionTagistas (AR} T #ent " and
growth was greater at the 1:16 and 1:64. dilut] | witee |-
EXAMPLE 4 Screeni r?@dlé@wfl‘&)‘%%‘&'iﬁ’laé SROMR ‘°€§l8’€w%%é“g’%s“§?grqgra§%??§; lon of MC3T3
Cells 26 WO 03/ 03941 §ndixpbidd @A an0 hf1184st dhe sxpesearhpdastiderssast r at es use

of the present nmethod for rapid and facile ascertainnment of [ ypes
and concent r at i onswhgreipisgid GAR matehalnta ﬁrl%?’?%d%qc e %ﬁeflé%rraecr? |331rt&|n%x§1 usi ng

MC3T3 cells. The I\%'gﬁ)é}gme%%glatphg'&gg from EXAMPLE 3 were used but were

i ncubated for an additional 6 days, for a total ?ulture intef of 11

rv.al
days. At that()ti neldingsiellstoseidsupporegiriars fich Hiahealla SARIAR AP 5?@(‘? {¥8Y to
visualize the production of al kaline phosphatase which is indicative of
differentiation of T3 cells to a nore bone-|ike  phenotype, 101191
Fi gures 2A- 2C(ghowddiduting ot basusng celt growtheandior dli@@ﬁ?@ﬁ‘??"@&ll‘?{ﬁaéi occurred
only on areas of the El ate that |acked ECM nol ecules. Only on the surface
of oxidized HA | ackB®g> ECM nol ecul es was there differentiation into
al kal i ne ﬁg%rpﬁ@ A3&1cR 08 bdll preweaedrdiffer&atimtomeon a tagidn ipindidafies thetisal, as
described in EXAMPLE 3, was only evident in the tg_rie(f%nfgeorg%idECM (here
Mat ri gel Tapdidarhiadeding egenERRAHHINSAIH TE&O Eﬁ‘ﬁ‘ééﬁdgf%wi nhi b1 t° 0St eogeni ¢ stem

cell (herg MBfRideelclivity.ne) differentiation to a bone-like phenotype.
[01201 Al ffefr?a tgﬁ%nces %:nl%t gcllwaybove are incorporated by reference in their

entirety, whether specifically incorporated or no 0121 i now
fully describ@d thiThe mathedof elaim 1. Wherqip S%‘ia‘gbﬁr%‘ié‘?‘% e%?/“?]% s\éé’ésnagki lled in

t 2? aﬁ;t ef’(gﬁﬁ n%a@e%a?&f@teﬁ%npﬁle%?cfupr:'bﬂﬁgin‘é’io‘f {¥) BoFethiyge glaog@ebpElyeglicyal ent
P gl;lme derivative, (d) poly-HEMA, (¢) 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 I, 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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concentrations, and conditions wthout departing fromthe spirit and scope
of the invention and w thout undue experinentation. 27 WO 03/029418

PCT/ US02/ 31166 WHAT IS CLAIMED IS: | . A nmethod for evaluating a candi date
agent for M&3MMI8 gr owt h-i nducing or cell differentiati¥UP¥aideiong
activity, conprising: (a) formng a support surface coated with a

cel | -adhesi on 7 esi ThanietHoddRE1alfil SWheadin ssidat 1basodnenQARregion comagriseeast one

bi oacti ve ent, . resul (ii ng.in a surface with at |east one exposed CAR
region a fmateriakbongad o3 tissue eI G ueatsd sUTfpeei on,  wherein said CAR
material, said at |east one bioactive agent or a conbination of both are

the candi dat e gagentrfie nfethod@@elaiil | OPhdréin bAd aAesbt SHPDARIMAtHA a0dnEB t hat
cells contact each of said rgpgl ons; and é)g) detecting or neasuring cell
1 &

growt h arthe srfage thraushan iaterpedign layacwhieh isdanded dirsglilviesaidMepes n t he
presence of cell growh or differentiation on a region is indicative that

said candi datee i ndHue nehod®E Blaink B OSRMin sdid fdérthedRE 19¥Er BadpSRs d

grow h-i nducing or said differentiation -inducing activity. 2. The nethod
of cl ai mPPIyelltylanginyng poly-ldysincapely-Shlysinpmobekioftthinsapelyd&emithineAR nat eri al
sel ected - : .S of (a) polyethylene glycol, (b) glyne,
(c) a gléﬁn}gop&g{aﬁclxg?%@o%@%%{l?gHEm (e) polyisopropylacrylamde, (f)
hyal uroni ¢ aci d, (ﬁ) alginic acid and (h) a conbination of any of (a)-(g9).
3. The nethod 18f c[Tap methodwifelaisn 4 o5 3, wheagin paid EARomateialdsexifiged wilyp onld

conpri sesoquizih'éggeﬁr#{& tggﬁdg%g%%ﬂgipaéﬁ%g&ngxt racel lular matrix nolecule or a

grow h factor e net alm wherein said bioactive agent is an
extracellular matrix nolecule selected fromthe group consisting of

| armi ni n, vitrddect iThe miethod ofi elein hQ whergintsaid oxidizing agpahissodigw|derigdate. | | |,
collagen 1V, collagen VI, entactin, a proteoglycan, and Matrigel TM 5. The
met hod of cl ai | i ki b ORdrdiN ai o @(q,{;ﬁ.g demain of an
extracel | ul ar I?iat rwgﬁfﬂg’gﬁ’?gﬂb@%t heérl}{gael P%g%hdngégﬁh no echfgr.o 6. The

met hod offagbmi m 1, wherein said detecting or neasuring conprises
visual i zing the binding of an antibody to said cells.

13. 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 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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28 WO 03/029418 PCT/ US02/ 31166 7. The nethod of claim11l, wherein said at

| east one CAR region conprises a CAR material bonded to a tissue
culture-treated surface. 8. The nethod of claim1, wherein said at | east
one CAR nifEdsipads1s s bonded to the surface through an i nPEVHEA3ESE | ayer
which is bonded directly to said surface. 9. The nethod of claim8, wherein

said internedjate_|ayer, co LS €& Fol2Bule RAYextradeyigiane,

pol y-D- | ysi ne1,9' pol 9%@&0@({}%#}{8%33?%@%1%{)3?& ne, l[a)gl y(vi nyl am ne), or
pol y(al | mh@minm@doulel0. The method of claiml or 2, wherein said CAR materi al
is oxidized with a mld oxidizing agent prior to adding said bioactive

agent. 11. The nethod of cl.ajm 10 e . i bidhi i9tn ihe fe&adi um
peri odat e. 1220- Thg;‘ﬁé?%%l o&%\aérpglﬂ W]w%,g&\%lgrag?hggg%(glg%%gggigﬁ(\% reglli on

CONPr i Segt GHeMity draeligwith dadh wEh eomptidingiatddastcdnaitynelof bigaetivimoledd at | east
one bioactive region is in the form of a plurality of spots, with each
spot confdnosifedgheeon east one type of bioactive nolecule deposited thereon.
14. The method of claim1l, wherein said at | east one bioactive region is in
the form of g pl upnlhdtNoddf SRMALD,whatdihsaiditibacsivemodesnieris & exgraeelthiar f er ent
concentration of one type of bioactive nolecule. 15. The nmethod of claim
1, wher ematrixanejege.| east one bi oacti ve region is in the form of spots in a
grid pattern on said surface. 16. The nethod of claim 13, wherein said
plurality of spot sTiIRethéd & diind, paticir saidavells sraisgnmseetibace. 17. The net hod
of claim 14, wherein said plurality of spots are in a grid pattern on said

surface. 18. The nethod of clai m,13, wher ei j '@@-'Y&t%%we is an
extracel | ul ar 23t r 158 ‘HB‘F‘%‘&?J{C&‘"%’ Wrﬁglsggg%ﬁ&gl&%e 02‘!/031166 19. The

met hod of claim 14 wherein said bioactive nolecule is an_extracellul ar
matri x nol ecub®.  The method of claim 22, wherein said stem cells are progenitor stem cells.

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.

30



20. The nethod of claim 1, wherein said at |east one bioactive region is in
the form of a plurality of wells, with each well conprising at |east one
type of bioactive nolecule deposited thereon. 21. The nmethod of claim 20
wher ei n saWM@ BI0¥HEt i ve nol ecule is an extracellular mat rP&I/HRZBEW e, 22.
The nethod of claim 1, wherein said cells are stemcells. 23. The nethod of

claim 22, whengin gak ﬂleﬁfoﬁm%inll 50 @h@remlsulalbﬁ&kﬁ%ag%h@mec@(kﬂa&uulm?-ﬂm&he
met hod of clai m 22, wherein said stemcells are progenitor stemcells 25.

The met hd@elefules| ai m 22, wherein said stemcells are enbryonic stem cell's.
26. The nethod of claim 22, wherein said stemcells are hematopoietic stem

cells. 27. The mﬁh@ﬂueﬂi‘od%f@l‘am 23 wh¥RRls8ldbicuiivh SleRiafeed domtAiRioReNe
marrowderived stemcells. 28. The nethod of claim?22, wherein said stem

cells ar é)%@@%}g@ﬁlta@%weem@exnzeelluM@amrﬁekﬁmd? clai m 22 wherein said
stemcells differentiate into neuronal progenitor cells. 30. A nmethod for

I nduci ng or pramot TRPnelldd AF LRk SN WhérknQRidRbmBIRAbER st Retbd r8m hegbeRal
progenitor cells conprisin (a) contacting stemcells in a culture vessel

havi ng a cgumﬂm@f dexpaytomi hleanélmnmn&bb poly®inithéntreadifibroneetd; @).my ( CAR)

t t h t
agents and .ne dc():onzgeﬁ%nQ}I @? l\é//ﬁl 1'116 a{snfil Stro%ectgl ?ag)pgle'u]]y m gl | collagen VL.

differentl atlion 1 urlng sa
cells for(f)aaoly-lyemsarﬂd v:unmtlnimdmg)pu]y omnitkine tiod pblfdwsirent i ate i nto neur onal
progenitor cells. 31. The nethod of claim30 further conprising (c)

detect | ng. sai dedi k0 Al 0l MER3h PRSAIF. BT SRRLaHAR g e

met hod of cl ai"im 30 erern agent e are’ mat ri x
nol ecul esieurdidal pT@nﬁmtd&ﬂdcd)ﬁpr(sir@. m 30 vvherel n said bioactive agents are a

conbi nati on of .a cationic polyam no acid and an_.extracel |l ul ar trix
o loeure 34" @he REAHIRESEMell I AT B Pt S0t Wb f S belon Bt oy

fromthe group conmaiabsdaqe%lsns c{@lffd@éﬂt%ro@étweta@bmeoﬁdlﬁedeﬂmombémaﬁms ofa
pol y-ornithine and fibronec | y- ornithine and colla en Vi; (d)

pol y-or ni t hi ne andbiPRetPEREenti WE 101@ eemlpmtspnug/%ﬁpﬁ@e ahiadecing sgwsely
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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(f) poly-lysine and vitronectin; and (g) poly-ornithine and poly-Iysine.
35. A nmethod for inducing or pronoting the differentiation of stemcells
into neuronal progenitor cells conprising: (a) contacting stemcells in a
culture veaselobayi ng a surface with a conbination of | BKT/EpERSE6r egi ons
of different bioactive agents or different concentrations of a bioactive

agent, which conbi pati o IS C abI &&i dr ndicbhgrenti ati on
to neural proffenit Fne%’ ifQrprg aﬁlé%fl t dﬁ%ﬁg&%& gﬁﬁs[]taem cells for a tine

suf fi ci eploghfitoP8¢IR] donipiifigt 0 di ffer entiate into neuronal progenitor cells.

36. The rrethod of claim35 furth in ) b&knit
di fferentiati@h. S?duwrri’é‘frﬁ?fwgﬁé @&T;l%ml%gn% %t%rglcﬁﬁsg%ll é‘;égll:}%g@?l %ng ?irgent s

are extracel | ul ar Jm§ {d accord®ice@Githetaim33, th&eh}apﬂmdnlcmg)salcpn@mwi PIGEEMIOT sol at ed
or enriched popul ati on of neuronal progenitor cells fromstemcells,
conprising: (a) irms$ll&ing or pronoting the differentiation of stem ceI S

i nto neur onal @E}ro%@ﬂoh Ty dé‘t@édngshladﬁ?&&fuda&cenWth clai m 30, thereby
produci ng sai d’neuronal “progenitor cel onaIIy, detecting said

differentiati@); oemickiog oersoiatlmW@ﬂ“W@bﬂ’fQE‘?%@’ !4 neuronal progenitor
cells. 39. The nethod of claim 28, wherein said bioactive agents are

extr acel | ul ar 4t riy  ARhEGHIE: 403 WnlOAIMIAA b RETS B0 RELEG: H0IrA

met hod for produ0| ng an 1sol ated or enriched popul ati on of neuronal
pr ogeni t efolealess, conprising: (a) inducing or pronoting the differentiation
of stemcells into neuronal progenitor cells in accordance with claim 35,

t her eby prOd“gh ?ﬁ‘é SeQG&‘BP ofEfaQﬂ@SU 8938 &&bhﬂwrdinbﬁhe@tle'@thyS
detecting said differentratio and enrichi n%%or \(Kﬂ‘? sal d

neur onal spleag@frbiake grohp sansisting afe) X%‘d@lﬂnﬁfg ¥rh ®said
bi oact! Vedeg Sﬂrtes(d?poqy-wcég pé’i ‘%prgﬁhﬁér%amnde ® hyaluromc acid, (g) alginic acid

and (h) a combination of any of (a)~(g).

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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nol ecul es. 42. The nmethod of any of clains 30, 35, 38 or 40 wherein the CAR
material is selected fromthe group consisting of (a) polyethylene glycol,
(b) glyne, (c) a glyne derivative, (d) poly-HEMA, (e)

pol yi sopr o 8@?3&ani de, (f) hyaluronic acid, (g) al ginicPEEVY23HAL (h) a
conbi nati on of any of (a)-(g). 43. The nethod of claim42 wherein said CAR
material is hyal ur aniastidensdful 4¢r.evlnatinget dandidatt ageny fonfits ctlagrontiBthdudbg 38 or
40, wherein rial i.s. bonded to an intermediate |ayer which is

i
bonded td’@%ﬁ& fg{?P?‘%‘lPé‘ Ingueingrckivith CHIANYRE c| ai m 44 wherei n sai d

internediate |gyer a%@pp%ﬁl sBFhREohte® With AQell-GAIRLRN GEANAn® SCRE) Rbterial having
pol yet hyl enei m'ne, poly-L-lysine, poly-D-lysine, poly(vinylamne), and

pol y(al Iyl ani ne). heunditheretqt et oambioadtive pggntsudpthatgbe regglting surbicpher ei n
said cells are step V\Fléée?at lefSF?neTJ}Eoﬁﬁe%ﬁgr |0 a4 4BreadtBEE Slpds@ichcGEEM

cells are bone marro temce thod clarm 46, erein said
stemcells are pl urdgpoy, wherestsardl@&RInmtemgsaﬂlaelemm@bhowtwcIagfmtmez.i. or 36,
wherein said detecti n& step {i[\p lsesa &i@ﬁ&egtel measuring nestin in or
on cells that have“dfTrerenti’at ed ht°5 AU o™ progenltor cells. 50. The

met hod of claim42 wherein nestin is detected or neasured using an anti body
specific for rsesti The 82ic)Of 0BirH) 3 9 Allterd?ddiUB(2dsBarkOBAR Tegidmcanpirised £ usef ul

f | di f duc | |
Tt or ontt sk Ao et e <Shisnsk of Fge S eh BYRICH Suail 68 coat ea
with a ceglymaaiémahww)%iﬁnam (6AR)yisopiopyiaatyldndde, 1 hylatonct dchp(®t o at

| east one hioactive agent, suchalt hat the resulting surface conprises at
| east oné %R‘ﬁ@%‘é&“warcé@b&?t‘%‘h ay of 348) one exposed bi oactive region,
wherein said CAR material, said at | east one bioactive agent or a

conbi nati on ofs3bot lrhe Snmee)f@ﬁndlsqiamraﬂem at 1228t ol €ARITESi6h Corfifrised & M 51,
wherein said at |east one CAR regl on conprises a CAR material selected

from t he tigsunnpltesristedisadacstto phichsaid fethirieral igbgrdsd, (b) glyne, (c) a
gl yne derivative, (d) poly-HEMA, (e) polyisopropylacrylam de, (f)

hyal uroni c acisd, (Q'he aﬁilcgz'dT'cfanﬁ@'l Ay idéln 6404 aBle£P 51 K184t ré@fondR¥hpRbes@@) - (9) -
53. The article of claimb51, wherein said at | east one CA regi on conprises

a  tissueieashyggasnt veigh ispnguiracelular matppirtlecus of agaevhd®@Pi al i s bonded.
55.  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 I, an interleukin, a muscle morphogenic protein, nerve growth factor,

platelet-derived growth factor, and transforming growth factor o or p.
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54. The article of claim51, wherein said at | east one bioactive region
conprises a bioactive agent which is an extracellular matrix nolecule or a
grow h factor. 55. The article of claimb53, wherein said at | east one

bi oacti vewsgiRegompri ses extracel lular matrix nol ecul BET/E&28¢6ed from
the group consisting of Ianlnln vitronectin fibronectin, elastin,

col lagen |, cgllagen 1y s irthe form

pr ot eogl ycan, éﬁor iﬁgltcl\‘}? éeré/zr:{rs }g&g?né/&g?ﬁ]ﬂ%?é‘gﬁ wherein said at
| east ongrs aq}&an@gife;sms Svnmmadecbot oomﬂrrsmgsau tdastome bmadug:wgem deppséedredi at e

| ayer which is bonded directly to said surface. 57. The article of claim
56, wher ®F%°Rai d internedi ate | ayer conprises pol yet hyl enei mine,

pol y-L-1ysine, poly-D-lysine, poly(vinylamne), or poly(allylanne). 58.
The article ofo,cl aitmabitle sfubaimi 51, ¥hérdintshidat teastone bigrasiveaesion issfé@e&?fmm h

fact | ected fromt t
o Shiabtooimiedh B 5B s nCORBIPOORABt e,

hepatocytg growh factor, insulin, insulin-like growh factor I or Il, an
interleukin, a muscle norphogenic protein nerve growth factor,

pl atel et - derived growth fagctar, nsf or. ggg iy P. 33
D05/ o416 Hor CRBarea se e s SoL ik éa“mfpﬂg?lg?g% ’'n said at
| east on?n@ %ﬁéﬁ/ﬁld’ﬁgfa@a isinthe form of a plurality of spots, with
each spol conprising at |east one bioactive agent deposited thereon. 60.

The article of claimb51, wherein said at | east one bioactive region is in
the form of a plurality of spots, with each spot conprising a different
concentration of one bioactive agent. 61. The article of claimb59 or 60,
wherein said plurality of spots are arrayed in a grid pattern on said
surface. 34
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