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In designing cell and tissue culture environments, it is important to consider
the cellular interactions that must be incorporated into the growth environment. Cell
types, spatial cues, and chemical triggers and modulators play a significant role in

30 regulating gene expression within interacting cells (Li et al., 2002, FASEB J., 17:97-
99; Botarro et al., 2002, Ann. N.Y. Acad. Sci., 961:143-153; Kunz-Schughart et al.,
2003, Am. J. Physiol. Cell Physiol., 284:C209-C219; Cukierman et al., 2001,
Science, 294:1708-1712). Past advances in the practice of cell and tissue culture

have been directed toward providing the biochemical and physical conditions that
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A significant development in cell culture and tissue culture has been the
introduction of matrices composed of non-toxic and biocompatible materials
designed to serve as scaffolds and three-dimensional spatial organizers for dividing
cells both in vitro and in vivo (U.S. Pat. Appl. No. 20020133229; U.S. Pat. Appl.

No. 20020042128; U.S. Pat. Appl. No. 20020094514; U.S. Pat. Appl. No.
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One aspect of the invention provides an improved nanofiber comprising a
lipid. The nanofiber has a diameter of less than about 1000 nm. The improved
30  nanofiber is useful in a variety of applications, including cell culture and tissue
engineering.
A preferred mode of the invention involves a polymeric material combined

with an additive composition that influences packing of the polymer such that

electrospinning of the polymer results in the production of a polydisperse plurality
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In an embodiment, the improved nanofibers are fabricated from a polyamide,
polyester or other polymer suitable for in vivo, animal or human‘application. In
30  another embodiment, the polyester may be poly(e-caprolactone), poly(lactate), or
poly(glycolate). In another embodiment, the nanofibers are fabricated from a

polymer solution comprising at least about 10% poly(g-caprolactone) w/w in
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semiconductor nanocrystals. In an embodiment, the nanocrystals comprise a CdSe

core and ZnS cap. In another embodiment, the nanocrystals comprise quantum dots.
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or polymer systems. Preferably the polymer or polymer system is non-cytotoxic. In
an embodiment, the nanofibers comprise the improved nanofibers of the invention.
In another embodiment, the nanofibers are fabricated from a polyamide or polyester.
In a further embodiment, the polyamide or polyester is suitable for in vivo human
application. In a further embodiment, the polyester may be poly(e-caprolactone),
poly(lactate) or poly(glycolate). In a further embodiment, the polyamide may be a
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st B, SySHIRL R TR P R0 Bl o v

a cnsotuble Tifil may be bivdepatitds aedybobioaREIvabl EPreferably the
substrate conprises a film The filmmy be water

soliB 1R neR-cyiqtasic. | [nedireistred emhedimenmthaljinpis polyvinyl alcohol film.
bi odegr agigb), r+ L 1P I

filmis non-%lfl)tﬂ gﬁ%ﬁisgg b@ﬁésgﬁ%}rﬁe/e?lglr@g% S%%Eﬁ%ﬁ%@%ﬁ E’t%ﬁlém a

f i nmliidayeoddyasseybly alf cadudibrillat struchires foaoel bbtidsué adilture. In an

struct uyres be .ut.j.lized singly or |layered to forma
10 7, eiboftizyaat. doe na0She|1gr ot GTRHSET paPAcer.r G Thees Moy

15

CelfkncBbn b 8 SHHoFEhEufe. THE H%ch?gg&gh&%ﬂ?ﬁciéﬁ%Rgnig%satg pormit

nanofibrillar 'structure conpris a spacer.
magelisun penheratagndaatiolp potht nshofibet netevorkEhespace may be water

prowvi des suffi.ci en enings to permt cells to
peﬁ%nglgtoé kg ?U:?i%qﬂ'&? SPREST T3AYO1S BAEPUSRIIASrReTousy dhe spacer

S Pafa§ bePydd2fadwle %ﬁd/%@ti%@is@ol%bl&’ah%'ferhﬁ@‘i’llx a€er id Ql%gompatible.
spacer may be porous or non-porous. The spacer may be

bi odegr ftambembediniknt theispates somprisdse. fir afdeseedidsurfaee wherein
sp j I.OC atible. .In an enbodjnent, .the s er .
D, APPSR b B o
Subh agebsdfatd @ (BPREEHd SRMcBGE hedpacd: LafEc9h sﬁlgﬁ‘ctehog the substrate

nanofi ber network deposited on a substrate an
sedushdhaf the panefiber networkpnd snbsivata are sepasatediby thealimheteher

fib k and .
SR S ek Bl e 8 Shprsena st and

20 of sdohrd syréive fwhetein fRAlrerRODOthEMcer édMaciPRGR ace of a first
t
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co rigge,ﬁ a first and second surface wherein the firs
surdiedianyer sistusp adsthe senond stdacs of ihd sneeersontactsiarsytface of a

NanRbh P HahdMriidk Eﬁ‘&cthﬂ% gggp%]a{ 1€ +%§ %8180%&31‘{1%% %ﬁ(fqu?r]%%%r%eseparated

spacer contacts a sur a secon
stbywiheutiamstecsr thiockiiess bethiewpaseanof i bri | | ar structures
are separated by the diameter or thickness of the

spacer . [ihRenedREHmstuciugs oisthe fveptien bas many irwmeraniden vivo uses
ha; ' [ . [ s LN .
.

t edadalage, heary anized, srganauitieayeatmpristbuyia, s@Sborel @afls. In an
cul tur t reat nent of gurns, and bone fgrafts. [n an

enBHITRRR, 3 d1vg7s5 @Fay ohgroRh sRViEmERnEs 107 9 cplb Arisue niagibe
a GRbtruded by SfdifeeiBY sP&ific chemical and physical properties into the

nanofiber network, substrate, and/or spacers comprising the individual nanofibrillar
structure elements and/or sequentially layering individual nanofibrillar structures. In
certain embodiments, the unique nature of the environment can be obtained from the
heterogeneous nature of the fiber diameter and composition. Physical properties
and/or characteristics of the individual nanofiber, nanofibrillar structure, and

nanofibrillar network including, but not limited to, texture, rugosity, adhesivity,
7



constructed by engi neering specific chem cal and
physi cal properties into the nanofiber network,

wgaaiwsosaEPE, and/ or spacers conprising the indi R€THUSL004/027535

nanofi brillar structire elenments and/or sequentially
l'ayering individual nanofibrillar structures h certain
e nsaesinsadidity helasticity geomatryy igtendonnbetivétyy surGacerémvolume ratio,

be bt ai ned fromthe.heter equs, nat.ur.e.of. the fiber .
ai At SRk BB soLRig RO RATIT ARt Pr e iyety. ind oril
chateagityeinbg be ¢aridf addn® rhdtifiad @UahstAR @A d2@hd/or micro-
nanofijbrillar structure, and nanofibrillar network

i ncnyEPHygenty that prsmate aidesingd celluleractivity, inelugimgiprgliferation and/or

5 ia g ﬁﬁ%r\éiﬁttrlléétgtn_r \%?{eg,o/l%llc tél\én? -Sagld) 0? Hié(rb -e%k/ﬁ‘grgfggr:lt% ’Yﬂafy%%ge tn% dred

; rface to volune
di anigtie individbsimagefibiilldr istrydtines o+ withini 4 sellular array comprising two or
hydr ophi l'i ¢i ty/ hydrophobicity, and fibril density may
be Wete@peHIs srwgWiesi ed t o construct nano- and/ or
m croen : . . . .
et vi e TR ik Blopp TR oBo o) S RSubA b hotypeprides,
di flippdse odrbaliydoates, Sptino ddids, nadieotid@mndivaleic acids, polynucleotides, or

m cro-enyi ronnents. may be engi neered within individual
102 RORSBRHETIARS 1BE RERE B BOLRMIEd g groyvth dpqteps fiffgrepgigtion factors,

SOME BB QDL RO R SRR v
suchmpsupds) Yepalbedivdesompdupils) snd tagdiolzydolatdes maygbaengineered

i.ds, | eot.i.des, | ei i ds, | tj.des,
ol e o don, el e G el
f 2GR Sorilf bir@t@RE eAkdrQdHBRAAY Br af LDARHS tHPRInRItO Sne ore more

adhesi ve proteins, glycoproteins, functional groups,

15 adlselstted celbripoastivigies declddiog igwevtb anpoudiffererdiation. Some preferred

target | nol.ecul, e lLneered i t
o B PR ST Nt PPE AAmiPSR-Bp-280r-4p. TG,
t heeGmading BGE SvanqirefRided Ufffer&itiat6h Wcsts BlchiRMmeurotrophins,
isotropically or as gradients to pronote one ore nore

s elcelon gtimel dtink dacterst andi transforminggronthnigctgrsowhmireragidsy peptides,

O SR o BTG4 S B R kSR e A o

20 B%om&tﬁ&z Bk @fellrak @ImbiratieisedTishell mdkchRS eding) Bubsle not limited
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neur ot rophi ns, colony stinulating factors, and
t r hstoetiral grajeisoeenzymes, sndpephide hormeneds, pepti des,

20 VPP A3} 0 R AL g e

corbbmambodisent, t%uoh ntd etislfibalhmstiudtliréiare Diyeredrte foret a multi-
limted to, structural proteins, enzynes, and peptide
ho #%Ff‘é‘snan?ﬁbﬂl:%rééﬁmblrnvmq s aee depesitedi qnehe dfer and the

me (AT Y= ¥ e L

el RO A e 5 o BRI B

f odiffarentiation lof yter degosited @bl rinld farthassetrddinient)/halol @nd/or micro-

cells are d%%psited on the fibher and the o o
environments that promote cellular activity may be engineered within an individual
matrix by varying and/or modifying selected physical and/or chemical properties of
the growth matrix.

In another embodiment, multiple cell types are cultured on individual

nanofibrillar structures under different culture conditions. Two or more of the
individual nanofibrillar structures are then layered to form a multi-layered

nanofibrillar assembly and the assembly is cultured under conditions that promote a

desired cellular activity, including growth and/or differentiation of the cells. In a
8



structure is cultured under conditions that pronote
gromh, mgration and/or differentiation of the
walessit4esl cells, h a further enbodi ment, nanoPCHENNZ004/027535
" mcroenvironnents that pronote cellular activity may
be engi neered within an individual matrix by varying
andigherepdioflimeny, npapeandior mieyesprsdronaredisahatgivempteedellular activity

pr j es.of 0L oWt h.. Nt i X, ot her, enbodi nent

P e 0 Bh A aft Rbf o By R G VeIRE hror
naneddibBing seddctel phygicHr eﬁﬁl/dﬂ&ﬁ@ﬁic{di proféréied o LUk hiEibrillar structure
condi tii ons. nore of the individual

Two_or
narfB ity theanafibriltar gsssmbly by seheativelyylayesimetthe individusl
mul_t.j. - ' il he I
U S OE001d Nl T 6 AT
c el Harhaegenemisi or ihkterogenedusdiveg danevdrhamihebn@iositions may be selected

differentiation of the cells, a_8further enbodi ment,
nari® OPEREe drolHErlign @Rd/oF didieEmtiatiothat pronote cel | ul ar
activity, i A 1 hi Ladi vi-du -
nanofi brillar Sqesgg{ﬁrgzﬁ‘%gtl%frsﬁ %g%gnwg?gﬁgdlﬁ#% %IabOdlment’
seltketadlgrpivitsinedia canghtises cinetixadmapsiitees Wwhasinothe hbigvork has a
nanofibrillar strugture or wifhin the nanofibrillar .
10a33@ﬁ55wn8§ﬁrgéﬁw 3@@91}/@ abot 1499 DD erage dpfelfiber spacing of at
nangfst Mout b Micrdhs Y& SoliditPOf Aol ﬁ@ﬁeertggr:t,' 4% ﬂ&g;&ﬁa a bottom

or m cro-environment. Honpbgeneous or 0ogeneo
fi yath ah eutevatlsvizanein doepusivtalldnas a imeighbef aheiue t® sdcrbos to about

opt.i.{i ze oliferation and/or differentiation. Another 2
0 g0l e R et BinePb AR ot ko E BivsznA of g S mn
enie ghdte 0k 10°ta>, CRY dnofeP WnbBodfRRLE tIEOREREH D8 shePorliBHvaland the
of nanofi bers wherein the network has a fiber dianeter

150f axdacithesiopand the batiom are@depterhio thediamensinge of an evdilablerculture
spacing of at |east about 2 mcrons, a matrix solidity
of vg%sgﬂ?rcag%&%eﬁt, and a top and a bottomwi th an
out er walThe 6B BRI wih il Dhbb ¢ b¥yRbHsd B aixD BbtGdk, Phat MRt or roll.

10 mcrons to about 100mm and wherein the top and

bot® aprFmhedipent dn ¢ofl gravth madia cemprsesaneiwors afmanefibers. In

ab n e odhment , ;L he height. of.

e otbineii BREOS of ERRRRBRL ol BFLBhioR gt o cuture
20ar eomdimpt. &6l at @hérhentbdiraag] 98 Seld frodnh awdid i8ldepostigl bifotn inside

vessel or container. The cell growth nedi a may

cofpificeof g cpfpneicentagratwor k, mat, sheet, or roll. In an
enbodi ment, the cell growth nedia conprises a network

of nanofibers. I n another enbodi nent, the network of
nanof i bers is adaptBeef Déscripsioh tof @ie DRdwingscul t ur e

contai ner,_ln another enbodi nent, the cell growth )
medi a | $IGERES MAE YR sermamg sieqtiga naigrosene iprges ofnanafikillar

25 CORL-AUMRE.- Figures 1A and B show that nanofibrillar mats composed of randomly

deposited polyamide nanofibers can be assembled into layered surfaces. Figure 1C
shows that nanofibers may be electrospun with specific orientation.
FIGURES 2A-E are photomicrographs showing a comparison of microfibers
electrospun from polymer solutions comprising increasing amounts of a lipid.
30 FIGURES 3A and B are photomicrographs showing a comparison of normal
rat kidney fibroblasts grown on tissue culture plates coated with nanofibers

comprising a lipid or nanofibers not comprising a lipid.



Brief Description of the Drawings FIGURES | A-C are
scanni ng el ectron m croscope i mages of nanofibrillar

w@Rraotupes. Figures and B show that nanofi bri PCHDSI084/627535

conposed of randomy deposited pol yanm de nanofi bers
can be assenbled into | ayered surfaces. Figure 1C
shows t HEEURERoAMetrs phalontierograpbs shasying awompasgeecifiiocmal rat

o R AR e SR Ra By e PR RBERTH B QR oY s Boatea

solwathpxnylymna'prl sing increasing anounts of a Ii pi d.
FI GURES 3A and are phot om cr ographs show ng
conpar i §c§ﬁU@fESr§ﬁ #ad Brase Pk@taméyograbh@bp‘é{mgthgfrmmp@wtmn of

t b
5 conpia FHehdlef gt G aR b BBl or <1 ng

I i pi d. FIRBGBRE 6liA-aplmtamichararh hoaiigoghb Slusiesydnd thbaling of
normal . rat kidney fibroblasts grown on

son
%ﬁ%@%ﬁﬁ&?ﬁ@ﬁdﬁawk gl ass, and gl ass coat ed
vv| th pol ylysine. FI GURES 5A and B are photom crographs
showi ng that incorporation of am no functional groups
onto the surface QetadetbDesreipgionrdf@iRventiona

10p23%]9|mb§ ﬁg\ﬁ“{}ﬁ showi ng the fluorescent |abeling of
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quantum dots. Detail ed Description of

the Inv 9k k@ “nand Wi Eﬂr%eTg§u§eﬁrh%}elﬁ%%é Phihichat

structure” as used herein neans a structure conprising
an cempiising e nmwfoanmegt foatghowth dfilivinggretie chm;pnsmp Dh&S brgore

nor e, Nano rs the str reis
de?‘f‘?\ogg)eﬁsngerﬁg} FE"“%‘[Preolﬁg @‘? rEnGYR fu {EE OT mate nanofibers.
sofesahdedbstimests, thh damafllabstldaat c§1tn¥)ﬂ§éslérs%bstrate wherein the
conpri ses a substrate wherein the nanofibril

S st parafibridlay grughre iredefingd hy aeetmork 06fm©manore nappSbers deposited

na a_surface he subs

Th gﬁnanﬁ%%poggléJ a%gt?&? hgh? 8%0&%?;%@1’ tthF %’Oﬁﬁﬁ? I°%§Pe nanofiber
nehewiokk anthe hﬁa@gehféﬁl sMBBhafd fideRfoMA ﬁiﬂo@%&ﬁn&@voﬂ@ﬁl space, of
nanof | ber network in space, of the nanofibrill

st Hgaappiibrillar é‘i%qtﬁ@éii é@BltlQﬁf?ﬂf @\pr@l@dann rmvztmtbmmlmetlc substratum

7ot RS (SRR 08 RIS erb i B Rt cen

20 gr gmlv\hh amﬂblocrellcrﬁffbredmitfcmnﬁ Ririghd 1a e} or Ii‘mﬂtl-flﬂj'e@ed éli&dult@fe. The
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mul ti - ]h? ered cell culture. The nanofibrillar
ot PeRoBPlE St iuRs thay e leyered to & amplii-tayened panefgbrillar

nesati igaspaTI g R o1, o s

pol ymer The teemf"hénenfiberSmsrissd heeid means a polymer fine fiber comprising a
diameter of about 1000 nanometers or less. The polymer is preferably a non-
cytotoxic polymer. The polymer may be water soluble or water insoluble. The
polymer may be biodegradable and/or biodissolvable. The polymer may be a
polyester or polyamide. The polyester may be an aliphatic polyester including, but
not limited to polylactide, poly(glycolate), poly(e-caprolactone), and copolymers
thereof. The polyamide may be a polycaprolactam, nylon 6, a nylon 66, nylon 6 12
or other nylon material. |

The nanofiber may comprise a lipid or lipophilic molecule including, but not

limited to, lysophosphatidylcholine, phosphatidylcholine, sphingomyelin,

cholesterol, and mixtures thereof. The nanofiber may comprise one or more
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di anmet er of about 1000 nanoneters or |ess. The pol yner
is preferably a noncytotoxic polyner. The pol yner may

wheoosasans sol ubl e or water insoluble. The pol yPer/URBIg4/027535

be bi odegradabl e and/ or bi odi ssol vabl e. The pol yner
may .be a pol yester or polyam de. The pol yester may be
an bipactina madeaylssy Beaferpblyitie of thﬁdnommwe notleduiasiis agentisle,

1?6‘1%’%@ i§e 'hpgpltc#e)rgféycggde%og}%%& ﬁ]e 53 rglbgﬁlic?eo%)de nucleic

po lagth polyhadtaarde myllyblmdﬁnolamﬂy tHePedf6 The Mhlﬁiﬁb@r ﬂﬂay @bmpnse one
ot her The nanof | ber may conp
i By afep B%lpﬁlﬁPli‘ Cr BT e e FUBRYEY! Ghoigptivatable
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10b| act rr&]hecul e Preferably one of the
éieéfé g %‘eﬁs Pga%Pf%ébmaéféel%ssloys @bmoa%grqw% fagtors and/or
C ardb@&ﬁﬂia%foﬁ fad@&lsy §8e ?:ﬁé‘ bf fé‘feas@ﬁ' %&brﬂﬁich ngntﬂg bﬁ@ b 8&radation

nucl ei ¢ aci d, pol ynucl eoti de, 'ecu
th@rlé/@fdlsﬂﬂietlmmhcbmofl’my corrprl se one or nore

10aIcohoI dehyd

phot oactitvarHbl n@?\?c&‘g 5 '64‘?& ae’[ger%g %&éﬂ:ﬁ% lP*)ig]F"ﬁ@ distribution

phot aasdfibéatiaRpfeIhRIPcdrtroRed &) f?)%ean‘iflteﬂ:'ohﬁ@c@lﬁ néf%ith spacing
nanof i ber_may conprise one or nore grow h Cors

an@eayeetifibesrselectied to pronfalie grovgh amheulhiae siﬁblﬂlejr Tﬂwnetwork has

r eI 1?12?1 gﬂ%%gpgtgvﬁnl?gnget regs\l\go%asfrg be Betwo d/ ogcggaéng pores or channels

deﬁreﬂmmﬁﬁorlay Thé Eofe@bﬁclﬁfrm@l@ BaRSIAtIaRR R %@é&fu‘c 0.01 microns to
dlssolutlon of the nanofi ber. The term "network" as

Sus é@%@ﬁénquwmngewbhamﬁz aricronk ématwart m) stieriohg tﬂaronglma

na SA controlle
| npgél%%ﬁ% ec P nglfay cBﬁ&?ng% g gn lg%eir qf{br%sr a s1ng1e layer

s e farated dytaccontimummis @afs fibed malfigl eCladrs! bﬁnzﬁfoﬁb brls] tMItipldRyers
gyor? has smal| spaces between the fibers conprising

M@WOPBP%%@%@@% @rnath A epavark maydenorRuek or net. A
Thﬁet@x%‘ﬂ?&a? 9@?&@@&%5%%0& tpr gﬁﬁ{ 21 5131% urtlaf%ﬁger to about

m Ccrons m Ccrons

20 mi 2@@]11$mt (Phybca’llprd;ﬁrtmsmf dre&let\tfbﬂ@ﬂ@hdlﬁg,tﬁ'ut@lkﬂﬁﬁl&edfb texture,
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net wor k rlse a sj.ngle layer of nanofibers, a

si FREPSItY; ‘?S“fl H%PSII% Sg 1‘@ £lasticitys ZRRIAYIFY, Brierconnectivity,
MukiirERb %o VelRle$atdt, ﬂ%?f'%i binRRY: Sﬁbe?%lh‘tf_lﬁ eﬁms?l)(lﬁirhiyf or msd

by a continuous nano
unkyirephibeityfbydrophabedtity ﬁknmmsihﬁ\aad FibehoridanaiDs Iﬁziy be
about. t he di si ngl e nanofi ber to about 2000

[ er of a

nn?n%‘i?g‘?dctgld%ﬁfwwggrsof the network including, but

not i Mrh@ebri®syBsE¥iethEusddHRIRT h%m@ﬁ{}%ﬂfﬁbé I which nanofiber or

porosity, solidity, elasticity, geonetr

| nn@wgdwpfgmpﬁbetry Is deposited. The substrate may be any surface that offers
structural support for the deposited network of nanofibers. The substrate may
comprise glass or plastic. Preferably the plastic is non-cytotoxic. The substrate may
be a film or culture container.

The substrate may be water soluble or water insoluble. A substrate that is

water soluble is preferably a polyvinyl alcohol film. The substrate may be porous or
non-porous. Porosity of the substrate is determined by cellular penetration. A cell is

able to penetrate a porous substrate but is not able to penetrate a non-porous

subsirate. Preferably the pores in a porous substrate have a diameter of about 2 pm
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surface to volune ratio, fiber dianeter, fiber
solubility/insolubility,
whyasoghpd i ci ty/ hydrophobicity, fibril densityPCEHOS2004/027535
"~ fiber orientation may be engi neered to desired

paraneters. The term "substrate" as used herein neans
an)IO abowtdOaiman Thsisshstratmohy bebiodegradablpand/eif biodissolvable.
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deposi t erhenabyetEn csmpﬁﬁd &R - mIrd Bicdled fmdleBul¥BYy Preferably
conpri se ass, or astic. Preferably the plastic is
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500 534801 B LS5 5P Lo P
pr ehelealié thedeqlp Thv subgtra@lmphaimgrisk the Ehmowﬂséhoa,t dtdehgile,
be parous .or non-porqus. . Porosi % of the substrate_is

de tABHRYFEEPORY Tlphvdrd or BEW@W% I ﬁlxacwm £T0ups, phrelerePly the
PeRRbloAL &y RO %R)Lﬂlg 1§5’9§Bér%t(ﬁ nm"éne ?He : agl{e ?na{}pcom rise one or

penetrate a no rous substrate. ores
i n meorp graowth ﬁacibstandioe differentmtion ﬁmmgar Thé swsﬁauh nzaypelease one or

105%?%%? b Tac g o b GG fap e TR0 P apeis determined

bi eganPaitd bF &ssoTﬂ%n%f@%éﬁaé&t%nWh&%ﬁét%e one or nore
bi oactive nolecul es. Preferably one of the bioactive

mol ecul ekheiterma"peparl deysed besepremeie lawrmemratlng a nanofiber or

car bohydr at ol ysacc aci d oti de .
macRanE B rorR e daiears e Bl B s FGF Gha R nanofbrilar
t hefre@tire 6 aSubRtd G £5008 aMIHbrIRr SARLAE sHIH Bat the structures
al cohol , al dehyde, am no, carboxy, sul phydryl or

15ph Gropatated: hpthe diameter @trthickg@se opthe spacst e Thbkpacehmay comprise

2N LT 5Bl BySHPERTL Rl MG IS 10 microns

andé esoud 5O fngiemk] The §RctaaiPESnpriRe Iﬁﬂﬁﬁéﬂ iatlRdim@\ellulose,
rel ease one or nore growh factors and/ o

di Btasthe pelyarrids Pplyesters er pomf@traﬂwomyhem e“élg@ﬁn%ﬁber may

d etctg{{}gh %n?é’ro?ggr _lzﬁ&?%rgfri%&';l? 3 gblg&rl;e? B ﬁnge %gsﬁﬂrg diameter
20 re afisbaut 1y ts apautdDiping Bhenmma‘)ﬁm Iina@fbertﬁﬂﬂfvleﬂ ©f net.

network froma surface of a substrate or a surface of
a first ThesBagesmay bgwaiersqhublg o waterinsplubles d8e spicepmay be

‘Pg%s 3 Hglfl :pgfduls ! P5r0§1{t§ Hﬁt‘hg § ac%yﬁthe{e?ﬁﬁneh%?r Cﬁllu]l?r %enetratlon

uctures are separated e diane
of A bedl is phledp peddimtsppaens myerdmﬁm;” naabke to pbxyamte 41 ndﬁeporous

fib film: Preferabl film has,.a ckness of
b S0eeR BROHECEGEE B OSETAEIGHIOr el Gpltable. fagterably the

25 CORRMCLSR RoddpaiBle, | Ncl udi ng cel | ul ose, starch,
po%m de, polriléesteer or polytetrafl uoroehtyl ene. The

fine fi Hée spaEer may comprise one or more bioactive molecules. Preferably one

of the bioactive molecules is a peptide, polypeptide, lipid, carbohydrate, nucleotide,
nucleic acid, polynucleotide, polysaccharide, amino acid, or hybrid molecule
thereof. The spacer may comprise one or more alcohol, aldehyde, amino, carboxy,
30  sulphydryl or photoactivatable functional groups. Preferably the photoactivatable
group is a carbene or nitrene. The spacer may comprise one or more growth factors
and/or differentiation factors. The spacer may release one or more growth factors
and/or differentiation factors. The rate of release is determined by the rate of

dissolution or degradation of the spacer.
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conprise a mcrofiber. A mcrofiber is a polynmer fine
fiber conprising a dianeter of about .0 mmto about 10

wWOr005/0kmE93ri cr of i ber may be unwoven or net. ThePGPHESIN4/027535

may be water soluble or water insoluble. The spacer
may be rous Qr. non- por.ous. Por03|ty of the spacer is
det er ni gﬂ“& c‘é‘Pﬁ?}}Varm(H%Cﬁl& 2§ Upgshhergingagans aanelpguée thet has an
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30

are not limted to, car di otropliin, stromal
de¥ibirug preteins inclidecqodpgengpad ¢lastive d dbemonsitéadbesion compounds

include fibronectin, laminin, thrombospondin and tenascin C. Adhesive proteins
include actin, fibrin, fibrinogen, fibronectin, vitronectin, laminin, cadherins,
selectins, intracellular adhesion molecules 1, 2, and 3, and cell-matrix adhesion
receptors including but not limited to integrins such as asp;, asP1, 07B1, 0Pz, 023,
and agfa.

The term bioactive molecule also includes leptin, leukemia inhibitory factor
(LIF), RGD peptide, tumor necrosis factor alpha and beta, endostatin, angiostatin,

thrombospondin, osteogenic protein-1, bone morphogenic proteins 2 and 7,
13
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growt h
includes granulocyte-CSF, macrophage-CSF, granulocyte-macrophage-CSF ,

erythropoietin, and IL-3. Some differentiation factors may also promote the growth
of a cell or tissue. TGF and IL-3, for example, may promote differentiation and/or
growth of cells.

30 The term "adhesive compound " as used herein means a bioactive molecule
that promotes attachment of a cell to a fiber surface comprising the adhesive
compound. Examples of adhesive compounds include, but are not limited to,

fibronectin, vitronectin, and laminin.
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25  culture slides, coverslips, cups, flasks, tubes, bottles, roller bottles, spinner bottles,

perfusion chambers, bioreactors and fermenters.

The term "mat" as used herein means a densely interwoven, tangled or
adhered mass of nanofibers. The distribution of nanofibers in the mat may be
random or oriented. A mat may be unwoven or net. A mat may or may not be

30  deposited on a substrate. A mat has a thickness of about 100 to about 1000nm.
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Thébgobdfitive claseyf maiepals san kavkiardidmetet gffebout 1000 nm to less than
about 5 nanometers. Such fibers can have a smooth surface comprising a discrete
25  layer of the additive material or an outer coating of the additive material that is
partly solubilized or alloyed in the polymer surface, or both. Preferred materials for
use in the blended polymeric systems include nylon 6; nylon 66; nylon 6-10; nylon
(6-66-610) copolymers and other linear generally aliphatic nylon compositions. A
preferred nylon copolymer resin (SVP-651) was analyzed for molecular weight by
30  the end group titration. (J.E. Walz and G.B. Taylor, determination of the molecular
weight of nylon, Anal. Chem. Vol. 19, Number 7, pp 448-450 (1947). A number
average molecular weight (W) was between 21,500 and 24,800. The composition

was estimated by the phase diagram of melt temperature of three component nylon,
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10

25  alcohol polymers and, in particular, those listed materials when combined with
strongly oleophobic and hydrophobic additives that can result in a microfiber or
nanofiber with the additive materials formed in a coating on the fine fiber surface.
Again, blends of similar polymers such as a blend of similar nylons, similar ‘
polyvinylchloride polymers, blends of polyvinylidene chloride polymers are useful

30  in this invention. Further, polymeric blends or alloys of differing polymers are also
contemplated by the invention. In this regard, compatible mixtures of polymers are
useful in forming the nanofiber or microfiber materials of the invention.

Additive compositions may be organic or inorganic, metals or non-metals.

In an embodiment, the polymer solution comprises from about 0.25 percent to about
17
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30

optical additive is a Q 0 h arot h
e nt@ompnahons ctr%lomatm loal madiallinity fiok polyvingtidéneufucesicand
back i.ber by enhancing the signal to

n0|p§ Ia](f?o %@%ﬁﬁf‘@§ of optical additives include,

i 2 s St st o
poly(glycolate), and their copolymers are biodegradable, and biocompatible and
among the few synthetic polymers approved by the Food and Drug Administration
(FDA) for certain human clinical applications such as surgical sutures and some
implantable devices. In an embodiment, the nanofibers are fabricated from an
aliphatic polyester suitable for in vivo human application. Preferably the polyester is
poly(e-caprolactone), poly(lactate) or poly(glycolate). In an embodiment, the
nanofibers are fabricated from a polymer solution comprising at least about 10%
poly(e-caprolactone) w/w in chloroform. In another embodiment, the nanofibers are

fabricated from a polymer solution comprising at least about 15% poly(e-

caprolactone) w/w in chloroform.
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y(e- caprolactone). ww in chloroform 180ne cl ass
of 056P9laﬁﬁ>ref@t tdwaesisalein esolyprbiisvidriemaglesh Examples of such
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nomamaiemmmbenermﬂu@ememmgeﬁsteabuﬂadmbe(eﬂlyﬁsmeIpr@gzlena:) Pebax®
nyl on-6, 6 . |ch|nd ?that E starging materials
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di car boxylic acid conpoun ot’her nyl on can be nade
by t he paldytcmmdyses ilika pofyvapdidemnfluoride, syndiotactic polystyrene,

copolymer of vinylidene fluoride and hexafluoropropylene, polyvinyl alcohol,
polyvinyl acetate, amorphous addition polymers, such as poly(acrylonitrile) and its
copolymers with acrylic acid and methacrylates, polystyrene, poly(vinyl chloride)
and its various copolymers, poly(methyl methacrylate) and its various copolymers,
can be solution spun with relative ease because they are soluble at low pressures and
temperatures. However, highly crystalline polymer like polyethylene and
polypropylene require high temperature, high pressure solvent if they are to be

solution spun. Therefore, solution spinning of the polyethylene and polypropylene
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S o CHRF TR i o TS HE VARG PO PR BT et 2

an oM Ayt B ffreas M e RAY - RIrDa] deRW e 8n 3HO §E 3R1b@les, boric acids

advantage'to form ng pol yneric
and other inorganic compounds. dialdehydes, diacids, urethanes, epoxies and other
known crosslinking agents. Crosslinking technology is a well known and
understood phenomenon in which a crosslinking reagent reacts and forms covalent
bonds between polymer chains to substantially improve molecular weight, chemical
resistance, overall strength and resistance to mechanical degradation.

Electrospinning produces a population of nanofibers that may differ in

diameter, typically from about 5 nm to about 1000 nm. A preferred mode of the
invention involves a polymeric material combined with an additive composition that

influences packing of the polymer such that electrospinning of the polymer results in
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Crosslinking technology Is a we nown and unders
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mechani cal degradation. Electrospinning produces
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ot of PR ARRI sRoBERE niriee: Tafh Fpfpalient, e
coadiitiedcothiditivn tRetdhihicnBesGRRORRE o R hdiat: ik AfbideRsEMolecule.
packi ng of the polynmer such that el ectrospinning of

t hEhgbiopstisie melsenle maybe a lipid. Preferably the lipid is

lysophosphatidylcholine, phosphatidylcholine, sphingomyelin, cholesterol, and
mixtures thereof.

The additive composition may or may not affect the activity of cells,
including migration or cell attachment to the nanofibers. In an embodiment, a
nanofiber comprising the additive composition does not affect the activity of cells.
Preferably, the additive composition comprises one or more bioactive molecules.
One or more of the bioactive molecules may be a lipid. Preferably the lipid is

cholesterol. In another embodiment, a nanofiber comprising the additive
21
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The polymer systems of the invention have adhering characteristic such that
when contacted with a cellulosic, polyvinyl, polyester, polystyrene, or polyamide
substrate adheres to the substrate with sufficient strength such that it is securely
bonded to the substrate and can resist delaminating effects associated with
mechanical stresses. The nanofibers of the invention may be used to construct three-
dimensional functional tissues, including muscle and tendon. In such a mode, the
polymer material must stay attached to the substrate while undergoing mechanical
stresses associated with, for example, contraction of a muscle or tendon. Adhesion

of the nanofiber to the substrate can arise from solvent effects of fiber formation as
22
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pol yam de substrate adheres to the su str
suftipk pededesylradenhiohmap die atifiert toithe palymecsolation. The polymer

solution is than electrospun into nanofibers in which a portion of the added amines,

aldehydes, sulphydryl, or alcohol moieties, respectively, are exposed on the outside

surface of the nanofibers.

iii. Fluorescent Marker
The nanofibers may comprise a fluorescent marker. The fluorescent marker
allows, for example, visualization of a nanofiber, identification of specific

nanofibers within a nanofiber blend, identification of a chemical or physical
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The fluorescent marker may be used to identify a chemical and/or physical
property of the nanofiber. In an embodiment, a fluorescent marker is assigned to a
chemical or physical property of the nanofiber and the nanofiber is labeled with the
assigned fluorescent marker. Such chemical and physical properties include, but are
not limited to, fiber diameter, bioactive molecules, functional groups, dissolution or

degradation rate of fiber, composition of polymer comprising the nanofiber,

hydrophobicity or hydrophilicity of the fiber; solubility of the polymer comprising
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25  In an embodiment, the nanofibrillar structure comprises one or more improved

nanofibers, wherein the nanofibrillar structure is defined by a network of one or
more improved nanofibers. In another embodiment, the nanofibrillar structure
comprises one or more improved nanofibers and a substrate wherein the
nanofibrillar structure is defined by a network of one or more improved nanofibers
30  deposited on a surface of the substrate.

In another application, a growth media for cell culture may be prepared using
the improved nanofiber. In an embodiment, the growth media comprises a matrix of
nanofibers in the form of a mat, roll, or sheet that may be adapted for insertion into a

culture container. In another embodiment, the growth media comprises a matrix of
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25 Phagneagilat Stadct@Rhdyos dn@teered h@ HOVRICOMRErd 1RREd- llfé@EuHsﬁatum
useful in a variety of biologi ca Bpl i cations,

i néoribe aypmeadion of lometypic e hetaretypisl aellresowth and/or cell differentiation

in single layer or multi-layered cell culture.

1. Nanofiber Network
30 The nanofibers comprising the nanofibrillar structure may comprise a
polymer or polymer system as described above for the improved nanofiber. In an
embodiment, the nanofibers are fabricated from a polymer suitable for in vivo
human application. The nanofiber may be fabricated by many techniques, including

preferred electrospinning techniques. Polymer selection and/or the process by which
26
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gromh of living cells conprising one or
compositions may be selected to optimize growth or differentiation activity of the
cells. For example, the nanofibrillar structure may be comprised of multiple
nanofibers having different diameters and/or multiple nanofibers fabricated from
different polymers. Solubility or insolubility of the nanofibers of the nanofiber
30 network may be engineered to control the release of bioactive molecules from
nanofibrillar structure. In an embodiment, the rate of release of bioactive molecules
is determined by the rate of biodegradation or biodissolution of the nanofibers of the

nanofiber network. Hydrophobicity and hydrophilicity of the nanofiber network of

the nanofibrillar structure may be engineered to promote specific cell spacing.
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nore nanofi bers, wherein the nanofibrillar structure
is defined by a network of one or nore nanofibers. In

wWGQ 0s/0enboddi ments, the nanofibrillar structur ePCT/US2004/027535
" conprises a substrate wherein the nanofibrillar
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As shown in Figure 1C, nanofiber networks may be electrospun in an

oriented manner. Such oriented electrospinning allows for the fabrication of a
nanofiber network comprising a single layer of nanofibers or a single layer formed
by a continuous nanofiber wherein the network has a height of the diameter of a
single nanofiber. Physical properties including porosity, solidity, fibril density,
texture, rugosity, and fiber orientation of the single layer network may be selected

by controlling the direction and/or orientation of the nanofiber onto the substrate
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functional group. In an embodiment, the polymer or polymer system from which the
nanofiber is fabricated may comprise one or more of the bioactive molecules
including, but not limited to, a lipid, growth factor, differentiation factor, fibrous
protein, and adhesive protein. The lipid may be lysophosphatidylcholine,
phosphatidylcholine, sphingomyelin, or mixtures thereof. Preferably the growth
factor is VEGF, bone morphogenic factor B, EGF, PDGF, NGF, FGF, IGF, or TGF.
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may be biodegradable and/or biodissolvable. Preferably the substrate is

biocompatible.
The substrate may comprise one or more bioactive molecules. The bioactive
molecules may be incorporated into the substrate during fabrication of the substrate
30 ormay be attached to a surface of the substrate via a functional group. Functional
groups may be incorporated onto a surface of the substrate as described for the
improved nanofiber. The functionalized surfaces of the substrate may be reacted to
bind a peptide, carbohydrate, polysaccharide, lipid, nucleotide, nucleic acid,

polynucleotide, or other bioactive molecule to the surface of the substrate.
30



and then freeze drying under a vacuum A typi cal

procedure may be used as follows: polynmer is added to
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thickness of not more than about 10 to about 50 microns. The fine fiber may

10

comprise a microfiber. Preferably the microfiber has a diameter of about 1 micron
to about 10 microns. The microfiber may be unwoven or net. The microfiber may
30  be fabricated from many polymers including cellulose, polyamide, polyester, and
polytetrafluoroethylene.
The spacer may be water soluble or water insoluble. The spacer may be
pOrous or NON-porous. Pofosity of the substrate is determined by cellular

penetration. A cell is able to penetrate a porous spacer but is not able to penetrate a
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EGF, PDGF, NGF, FGF, I GF, or TGF. Preferably the
differentiation factor is neurotrophin, CSF, or TG
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by nhhtitrAfaf aQEmBiySePtall biofksadeUiRte. dedARebfMhr SfrudthRs have
many in vivo and ex vivo uses including wound repair, growth of artificial skin,
veins, arteries, tendons, ligaments, cartilage, heart valves, organ culture, treatment of
burns, and bone grafts.

A diverse array of growth environments for a cell or tissue may be
constructed by engineering specific chemical and physical properties into the
nanofiber network, substrate, and/or spacers comprising the individual nanofibrillar
structure and/or sequentially layering individual nanofibrillar structures. Physical
properties and/or characteristics of the individual nanofibrillar structure including,

but not limited to, texture, rugosity, adhesivity, porosity, solidity, elasticity,-
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GNP FxafnPbs lof tem! d2fls SRAKR! bisttiid A6t Hndikdd t6 2érhBoRic stddecells,
acer or may be attached to a surface of the Spacer

&oge marow sberalcellyr andpimiliend corshe¢m geldny fher examples of cells used

in various embodiments include, but are not limited to, osteoblasts, myoblasts,
neuroblasts, fibroblasts, glioblasts, germ cells, hepatocytes, chondrocytes,
keratinocytes, smooth muscle cells, cardiac muscle cells, connective tissue cells,
glial cells, epithelial cells, endothelial cells, hormone-secreting cells, cells of the
immune system, and neurons. In some embodiments it is unnecessary to pre-select
the type of stem cell that is to be used, because many types of stem cells can be 4
induced to differentiate in an organ specific pattern by engineering the physical
and/or chemical properties of the individual nanofibrillar structures or multi-layered
nanofibrillar assembly by delivering the individual nanofibrillar structures or multi-
layered assembly to a given organ. For example, a stem cell may be induced to

become a liver cell by engineering the appropriate differentiation and/or growth
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may be incorporated onto a surface of the spacer as
descri bed for the inproved nanof ber. The
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construct nano- and/or m croenvironnents that pronote
onsowprisinggeseicely engivedréditedls apcimplintedi an arganisinfye molecules

ar procpuced can produce a local effect or a systemic effect, and can include the

molecules identified above as possible substances. Cells can also produce antigenic
materials in embodiments in which one of the purposes of the nanofibrillar structure
is to produce an immune response. Cells may produce substances to aid in the
following non-inclusive list of purposes: inhibit or stimulate inflammation; facilitate
healing; resist immuno-rejection; provide hormone replacement; replace
neurotransmitters; inhibit or destroy cancer cells; promote cell growth; inhibit or

stimulate formation of blood vessels; augment tissue; and to supplement or replace
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and/or differentiation. Specific nano- and/or
m cro-environnents may be engi neered wi thin individual
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engineered as described above. The multi-layered nanofibrillar assembly is than
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implanted into specific sites within the body can be degraded and then transported to
other regions that are distant from the original site of incorporation. To examine the
30  degradation properties of the nanofibers within the body, the nanofiber network,
substrate, and/or spacers comprising the individual nanofibrillar structures the of the
multi-layered assembly may be labeled with a fluorescent marker as described above
for the improved nanofiber. In an embodiment, the fluorescent marker is a quantum

dot. Because quantum dots are both fluorescent and opaque to magnetic resonance
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neurotransmtters; inhibit or destroy cancer cells;

pronote cell growth; inhibit or stinulate formation of
whb@sa4Messel s; augnent tissue; and to suppl eneei/Us2004/027535

repl ace 34skin, synovial fluid, tendons, cartil age,

l'i gament s, bone muscl e, organs, dura, bl ood vessel s,
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nanofi brillar assenbly. Nano- and/or

15mi ayepoidbrillar stivetvies mayde ipyesias tdo eatdlly | 1aenetber gnbgdigentza
parsruff&& Fné 3) B?gyl tf.ullcfstiso Slﬂ)gtrgt? Eﬁé\gfﬁ%’tﬁgn%ﬁbﬂ %etwork fo

ayering nano S TUC ures ect

p hybeidepbsid dir@étl;cmah@affawcqnm Wbl@s Thd trerodbytsoncéll such
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i ndiapelihrdiar sweetep inte fhe wellsryeyidessadditongbsifaceeter cell, hgand
ab% 8/0 yfglzg@&e t&@iﬂh ntab[/l, %‘? Qﬂ”@dt gﬁ%?éﬁlgw JQ?ﬁrefo%ré ggt n%all

nano |br| 9ar-ass
20| ] m‘eﬂsﬁnerredtsunder conditions that pronote growth

and/or differentiation of the de osited cells
anot her 1BABYEFARREICation, thegapofbutliar sypclure pay %vqeaﬂ%aunﬁcaﬂon

on oA ¥ f?é | Frdfvidiai Haldth b€ Myered t
cul t u}ré)e é)qy%il t| s a&?gé k‘eryuglsase%ﬁ glﬁ rnamugllFPﬁl f yerecto
e dban i chiomyatodrapter cobymn. a?hysmalh died/o1s¢hemidad pm‘mdldsumisdmg size,
into a specifi rrultl-l er anoflbr | | ar asse .
Naviarks aPhop i, anda Bt ol legyles A Qo
ZSaCtsb Arhi¥, RF PRk V;.ISI Cé‘llkx%{eu? fbin 4 RGN aﬂ%nﬁﬁ&hﬁh%% lifghvidual
within an 1 ndividual nanofibrillar structure by
vamghoigbrdid Souctnmsd nfayibed et diotfedn phyffinityl column. Physical and/or
chemical properties including, for example, specific functional groups, polypeptides
comprising a specific receptor, or immunoglobulins, may be engineered into or
attached to the nanofibrillar structures to selectively bind specific polypeptides from
30 asolution. The solution is passed through the multi-layered nanofibrillar assembly
allowing the polypeptides to bind to the matrix. The bound polypeptides may be
released from the assembly with a solvent. In another embodiment, individual

nanofibrillar structures may be layered to form a filtration column. Physical

properties including, for example, porosity and fibril density may be engineered into
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and/ or chem cal properties of the nanofibrillar
structure or wwthin the assenbly by sel ectively

wo ays0i1ag3 t he i ndi vi dual nanofibrillar struct uUPE€BUSN04/027535
obtai n the desired nanoor m cro-environmnment. The
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spacers conprising sel ected bioactive nol ecul es may be

15j nsentaByrbet ween the | ayered nanofibrillar structures

conpri sina |‘g% arflécﬁ%'\ﬂ % be ?%l{]ﬂcg%dttg a4 ﬁl&ﬁ%&:&n&{s%r use ina

m cro- envi e asse

r elcahGe cohtaidee i Gvehbodemedit] eleubﬂgrdvﬁhmmddﬁeccﬁmmﬁ amatrix of
be detg m ned by the rate of bi odegradatl on and/

b| Hane wh%rﬁm&he BFR oo P3AAEDE Ghgsstes b Pwesosrwaé%about 1000
%ﬁ %Ualagﬁ m?é’rktéil 501&% Bﬁ{t lieaCSt LA 2%&0&5&,%#13@&%&@ of

tlons at pro ar activity,
20 c e Iab01|ttr3@| pekention loss, amtid tup aidfaftettont with e butehvahehbrein the

enbodi nen nofibrjll r structures ar ndi ua

wr Qt}ma%has ?sﬁ l?tm?f nfnexzon.s deraRont 1 P?e @wﬁwﬂerem the top and
pagka riﬂdeggﬂ&’enﬂ mafd Q{ éﬂeh 8f al?&u'i %IH’ fooabdh 4 10° mm?. The
assennl ed nual 'y or anlcal | ayer ayer,

Wi tghowithamedid may de curad ar n:elzedl (1)) §edncmdadi1mh$10nd fay esecid a culture
nanof i bri

| ar,.assenbly.. raat on and i al ..
Fedpuarie by PUBEASHR A Hree PG P DebpoTRrising
25Vi VIR 8BRAK SRHIaQRuttiBE "él'inéb% wiflethe ﬁ@ﬁfédbﬁl'nbhs%nssﬁ&ﬂ QlbAtAx,
and nulti-layered nanofibrillar assenbly of th
i nekeet,iroH, neteerk, onma%cc&nmsum thd gravith emddad. sIntmatheaﬁmbodlment,
the cell growth media comprises a network of nanofibers wherein the dimensions of
the network are adapted for insertion into a culture container. |
The cell growth media may be used in a variety of applications, including
30  cell culture and tissue culture applications. Any cell described above may be grown
on the cell growth media. In an embodiment, cell growth media is individually
wrapped and sterilized. After removal from the packaging, the media may be placed

within a culture container to form a surface for cell growth. In another embodiment,

cell growth media is deposited onto an inside surface of a culture container. The
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i mpl anted into specific sites within the body can be

degraded and then transported to other regions that
wae@sdiabant fromthe original site of i ncorpoPEL/USIV04/027535
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i nvention may be used in hi throughput applications
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roug

ut ithie dimetsidnabbdvifonssue Thelphysiealgrepdrasssofthé bell growth media
densities up to about 1536 wells per plate. ]ncreasing
15t hangyhruenginesredss detqribed pgveder thevpprqyed apgeiibes and/or

inqlraﬁ 'IF'«H%t gaured signals h an enbodi ment,
nanof brilTar structures may be inserted into a well.

I n anot BpeckiRlrechghitivh, meétifs w&as@epﬂiddshlépimalchrbmsgydrates, amino
functjon as the substrate allow ng the nano fi per . .
netafideKnucleatidey aa@gﬁctaé@smqlﬁwleytlg?& 8" Bolysaceharideg nclyding but
ot R B A8 e SR TR, FlroR ke it Rve

201 i gaotelins aglgiéaproteins yfractiinh bgrones) tdidstiemompaifds; teaictihe
ability t erformoptical measurenents. .h ot her .
2 5P TSRS 54 eI Blalfetl oo st ety e cq baahmedia
PUTeithéCibtr Qe ARUr A5 oHRARAIAb PR GRRIESIFRL deBfir activity, including cell

fori ] d'to

I ndi vi dual "nan I Fl'ar structures nmay be |ayere .
f orgnowthcimd Goral fheretptipn cBhanhemideh peipeties afi theaellgnewihoaédia may

e T T
25Sepauall. for exanple, a protein froma solution, an

enbodi nent, i ndivi dual _ ) ) _
In another application, the cell growth media of the invention may be used in

high throughput applications for analyzing drug/cell interactions. High throughput
applications utilize multiwell tissue culture chambers with densities up to about
1536 wells per plate. Increasing the population of cells per well would serve to

30 increase the measured signals. In an embodiment, cell growth media may be
inserted into the wells of the tissue culture chamber used for the analysis. In another
embodiment, a surface of the well may function as a substrate for the cell growth
media allowing a nanofiber network or matrix to be deposited directly onto a surface

of the well. The introduction of such cell growth into the wells provides additional
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nanof brillar structures may be layered to form an
affinity colum. Physical and/or chem cal properties

w0 p@bldiang, for exanple, specific functional gPOIPS2004/027535
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may be d@leitr@piiing atFolpherSdladior ¢ ontprisiRg A Lipid Produces
nanofibrillar structures. In another agpl ication, the

structures of theAnFphanceshPopnjatien of Ehint Bibeksri cate a
bi or eactgy v1s1ﬁhzgﬂH ch%gé’é’tlﬁ ﬁ%ﬂilﬁn@@ﬁaﬂg&ﬁﬁa RGG V\‘%ug d&ngl’l ofa

invention 1S a e ce

medipad twa/pcdsmpr scﬂmcm usirlg dnopticallmicABuey, Ki,beﬁhee&é eleOﬁi'ospun to
roI In an g@ , the nmedia conprises a matri o
i migef erST CHORRERS IYY5ES SlepHEPREN f12BY § soliden faERFSing 15%

PR S8 BE Y RSR S rome

deilidnddMIN0 L 25,5 flarﬁldOIf-‘VareEpHctwél? of ohdlasteret (\@/Iw) (Sigma, St.
into a culture contai ner The growt h nedi a rr%\f
f alforisaVEY- t theddasrs warelorEasIUB RS IEG capliary Reqdle sistenr. eAn

co I
co%?%éﬁf%%néé‘ﬁe“@% ER BTG o200 it Shepotymer

20hasolatibi bes pdineitette thodyriabeuitd HPositivd dec&hﬂlétcoﬂ@éb@edr’tma
an ver a e interf |u5er spaci_ng.of at | east about

gRseoRd DRfieaLPWwIRUHAY Mpdel BBt (G9UFeRdans Tgrance, CA) was
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the outerwal |l has a hei ght m cr ons
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 OSRRBRRRE o BREs 5 T gt bned Do dro iy ortne
25 SehgelopthefbrTeNR PRSs fvefe déﬁ@ctécf‘o@o%fh@édrt?ansparency placed on the

target. The fibers were viewed on a light microscope (Insight Bilateral Scanning

Confocal Fluorescence Microscope (Meridian Instruments, Okemos, MI) with a 20X
objective and the images were digitally acquired with a CCD camera.
As shown in Figures 2A-E, addition of cholesterol to the polymer solution
30  produces fibers with progressively smaller diameters. Increasing the amount of
cholesterol added to the polymer solution produced fibers with progressively smaller
diameters. Fibers produced from a polymer solution comprising no cholesterol had

arange of diameters from of 10-50 microns. (Figure 2A). Fibers produced from a

40



contai ner by cutting down to size a sheet, roll,
matri x, network, or mat conprising the growh nedia or

W@ eaosiontyon pi ece with the desired di mensi ons fPONUS2004/027535

matri x, sheet, roll, network, or mat conpri sing the
grow h nedj a In anot her enb cell gro
me A BGFRMUOB SORPHENEIIS BrebolsHor b hdcyandt ghiameters

di "B i509temRE ordsh §F TG W K Bh&s g%ﬁ&&fjfr&ﬁraﬂ &Iéoﬁﬂlon

into a culture contal ner’. growt h "ne amay be
us exbnipnismg\ay Vethplesteralp(pl/wihid oramge Dﬁdilamﬁbtangﬁoml 2-20 microns.

cosEimEe AR PRy st o DBkeh o BB RN b,

51 N AB1RIRRA Gy Had 291%.{1 e chﬁ%&eﬁ%ﬂus b4 Ctpfgu}é/m) Fibers

wr apped and sterilize After renoval fromth

paqire@cn@ fronhﬁp@ﬂﬁmeasqiut}orb@nmml Onfvet thles’@rtddw‘u} kad a
coni. ?#o@ [ m gns fac& or cell growh. In

ano (§| i h media is deposited
onto an i nsi de surface of a culture container. The
38cul ture containers conprising the cell growth matrix
may be individually vvrappedEéamniﬁ_%ri lized. After

102ﬁ?gv t aélofixlerst E?%l&?h gild ‘il?t#csé iét Igu ?ﬁr gﬁi (gleéells to the

contai ner. Cel I S grown |n t Nan®€iber gr owt h nedi a have
many in vivgo and ex vivo uses including wound repair
growt h gNangifibpimsicempriswigiadipid pioide asurfass that progidesscruitment of

I gane Eyi(fﬁ%lﬁ %E&oc aB8ft be%&b 3k the@hly Eéds PQ{P%@QISC NJﬁﬁraFkldney rat

t reat nen urns, one graft physica

pr PERK) fitgoblasts orerchatuaal @risbiibas efectrbspuadidm groltibn
medi a including, but not linmited to, texture

15y ug?@mpwlngal@ﬁ(emlv(&sﬁpr@&t@@) W/W)eln&h%qr@forlv S“B@P’iném??/ with

9eQh Yo BRI Iy RS ModB BRIVENIAARIAS at 57°C in 5%

in @wamlgl’aﬂmﬁd‘lomﬁl tighy mididst@yes(miisi g{t |B31aterﬁ|:8wmﬁmg Confocal
nangand/ or . cro-envi ronment s nay be engl nee

w. tﬁ%ilweiqe@cecmogpeweﬂ@an alstmmen@x%ﬁwes MH)aWIth 220X
c{1¥e a (f';e RS ¥th%fC(tJIB%fu?1§ growt h medi a

vari e nmodi to a wacell to

20pe n et r atAas dhoeynde IPhglgesom ndrBdhanodibersgomprisingd.23% epinngomyehn

25

30
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t heop 2 TERIGEHUIHBERTD ﬁﬁ&}s Hu taepe Bt tocther panqivgEsy Figure 3A
abQywE IRKE BBrdbdRfsAfRd AR s o Beiturd %ﬁ/act{ssﬁ@ﬁﬂfu!r@fil'a{é Rhted with

structure. Specific recognition notifs such
p e planolfdlssrs d:ompmlssng Gaﬁ?zfodwmgam@rshn aTdnmﬁbmbladts are tightly attached to

nuc] eoti des, n ei c_ac oti des
ol e Snon R aBd et e bR R Al feushires befasnde fbers

f aghRkitg aGhddoyRAt F%ﬁi‘e%B SRt OURK fitrbh14S aREAWRI d3Ss of culture

adhesi vé proteins, ycoproteins, functional groups,

adhesi tissue onpoe it cqﬁ&idhﬁsmm@ﬁbers not containing sphingomyelin. Few
cells are attached to the nanofibers. The guided migration and tight attachment
properties of the lipo-containing nanofibers suggest the fibers may be useful in vivo
or ex vivo for applications including wound repair, growth of artificial skin, veins,
arteries, tendons, ligaments, cartilage, heart valves, organ culture, treatment of

burns, and bone grafts
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conmpounds, and targeting nol ecul es may be engi neered

into the cell gromh nedia either isotropically or as
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39uigdniedsn b ﬁbrm:ell ting (W glphal andHeY, P00LWyiRe R&\I MIINEEN. Biol.,
wi thout affecting the ability to perform optical
meastt/elfdit s. EXAMPLES The invention is illustrated by

the ol owHen X IR £n ndi G of%&ﬁé%{l)gag Ikﬁdélﬁw Vt\%)\?(gorlasts

enbodi nent s. ny variations an
cargrdven om tieo-tiomdnsnd] Al theed imorsdoral surfacEheFibxabiplte®ere grown
are not intended to Iimt the invention in_any

13 Ex SRpobyanigs BOOPBEHIehPTHy SRspang siass aggicdoFighpolylysine. The
CO'E’)'Bl’y'aﬁh&Egnaﬁoﬁb&b %e?{ %@%ﬁg@tﬁwﬁﬁﬁﬁ% eE@EerﬂfgfeﬁpoPJ capillary

hin Fi bers To vi sua anges I amet er
as sivedlasystemv Bhthtsiydemdqudwa smifstatih]lpthé stmedibpadsymaerials. The
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é@ B 19 B ml Rer ey 2 e d &? B jaehes gy nitter
el &6lt4 QT
pol y(tegéigg;%%ct olﬁté?@i(“#ﬂmlogqgﬁ{ gﬁ%?%rtﬂn%ga&lgeeﬁnelﬁereél rpm of

20wi 8A. (Dow Tone Polyners, Mdland, M) 0, 0.25, 0.5,

R S LRI S RGN H

ca @tdeh @Iuﬁrd@@&ﬁ‘ bfot&id $GER)-adh @ﬁ’ﬂ%@@tﬁesf@d@ﬁﬁé Nl@t iBroblasts.

t %me¥l NR\I@ﬁI;Argglagtls Eclrtar(:fsdfeé’u?d \?Vltg%:FPS th;nn(%fft fr-ormeDrp %ar);ford Simon,

\ Laboratory of Cellular Biophysics, Rockefeller University, New York, NY) were

25  cultured on polyamide nanofibers, glass, or glass coated with poly I-lysine in
Dulbecco Modified Eagle's Medium (DME) at 37°C in 5% CO, and than examined
using an Insight Bilateral Scanning Confocal Fluorescence Microscope (Meridian
Instruments, Okemos, MI).

As shown in Figures 4A-C, cells grown on the three-dimensional growth

30  environment of the nanofiber network organize cytoskeletal networks similar to
those observed in vivo. Fibroblasts grown on a nanofiber network demonstrated a
more spindle like morphology with filipodia and demonstrated few stress fibers.
(Figure 4A) In contrast, fibroblasts grown on a glass surface were spread with many

stress fibers. (Figure 4B). Fibroblasts grown on a poly I-lysine coated glass surface
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solution was poured into the syringe and a positive
el ectrode connected to a Nanosecond Optical Pul se

w@Raesatae3 Model NR-I (Optitron, Inc., TorrancePCIBS2008627535

[

15

20

25

30

inserted into the solution. The el ectrospi nning

vol tage was 18,000 volts. The fibers were el ectrospun,

0 nmrgmgrmsm@dcandﬁhwe@hmk@r ang more prpnotwcedstrass Abgis4Rigure
perﬁzndl cular to the syringe. The target was placed 2
inches fromthe tip of the mcropipetter. The fibers

wer e colThesd @itreptaghé @ldoaRehonkidds Fal eneiycdl nacwecapy d‘ffees arapid
target. The fibers were viewed on a I::]%ht m Crosco

(| Hesaghto BpRitar ditferesen inths grezminasien of eﬂwkéaééﬁt%of s'in live

N

vvl bfb@rﬁé@@f@l&fﬂf@a nethsorls elvding) bt @cuﬂmtemeﬁexmbj Inlgotsmy
of chol esterol, to the polyner sol uti.on produccii fiber

wi BANGSHBLYs BAGFi% |e§ﬁsgﬁﬁ1 peemelra gad SPEl densiy.cadichgmid properties
am3iife fg;e{? rogkcf‘fn%f éﬁgﬁﬁ%tﬁ&ﬂeﬁ% ?(fff?fact%fg WifkRbhtiation

produce ogressively s di ameters.
Fi faoters piitnduscprdtdinspadlesive pyoteins, by eopirateins, dometionalngrownps,

T T TR -
solg E&tggke@é%ﬂﬂfeﬁdrﬁgopce?@ o?3isRel eatBEPby ﬁ%ﬂ@fﬂéﬁﬁe@ork with in

range” of diameters from5-30 mcrons. (Figure 2B).
Fi waoobpervatingsdllowe ﬁnattpnng/nfephysmhhamdm chempal BIIOpgm@s Ef the

% chol est er ol of dianeters fr

i GROHIDEE CEVgE 8 1905 e B U TuoRts TP PRy AglL of isue.
sol ution conprising 1.0 % chol esterol (wWw had a

range of dianmeters from 1-15 mcrons. (Figure ID).

Fi bers produced from a pol yE:ELQ!ﬂ&Jti on conprising 10

% chol w W) . had .a, di
(F gor & o) - Insobhaasdd Sk ARER Erefips I SRy
| nduce TiugbionAt reGhyRich agalc@eéll gldélgydeNgmiNeNibddgs, and sulphydryl

Nanofi bers conprising a |I% provide a surface that
pr M@Qalrgwn&uam@h@tomm@ lesfuaﬁ@prtai gloups S8tasarsne or nitrene

?ﬁl&fvl%ey % 058ﬁ§§ etd on?ont(iilg gl%]%’i? Ge e %%ﬂgg% ﬂesg gg)ﬂsy n{a§t’oe used to

el eéﬁﬂaﬁ@lﬂbuﬁetﬁ@a@tﬁ@h@ldcﬁms SNRdihg ibugndblimited to, polypeptides
pol y(e-capral act one) . i n chloroform suppl enent ed
wi shelpasomrowdniarta f@fﬁnﬁlaﬁw&fﬁ%@c%ﬂwdw% liplsy o' s

Meg 5}32& ogla\ﬁ%ﬁsﬁéﬂ tg%rgpééﬁcgﬁégsgl Uég%#%%l %1%%@091?8@6 Li@Horated into a

FI waniefftee bg addihg festingonaMaoupl ato the ?pblymm Rblatiofk Nenafibers
M)) with a 20X
were electrospun from a solution comprising 10% poly(e-caprolactone) (w/w) in

chloroform supplemented with (Dow Tone Polymers, Midland, MI) 2% dodecyl
amine (w/w) (Sigma, St. Louis, MO) as described for Example 1. To demonstrate
the availability of modifiable amines at the surface of the nanofibers, the nanofibers
were reacted with fluorescein isothiocyanate (1mg/ml stock solution in water)
(Sigma, St.Louis, MO) in 2.0 % sodium phosphate buffer, pH 8.5. Incorporation of
fluorescence into the fibers was shown utilizing an Insight Bilateral Scanning
Confocal Fluorescence Microscope (Meridian Instruments, Okemos, MI). As shown
in Figure 5A, a low level of fluorescence was observed on the surface of unmodified
fibers that is a result of unreacted fluorescein isothiocyanate adsorbed onto the fiber

surface. In contrast, on nanofibers containing incorporated amino groups,
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obj ective. Images were captured with a CCD canera. As

shown in Figures 3A andB, nanofibers conprising 0.25%
wa@piosigmsyel i n i nduce a rapid recruitnment of ckCT/ESENH027535
" their attachnment to the nanofibers. Figure 3A shows

NRK fibroblasts after two days of culture on a tissue, .

culsigaitcapt Heeresceneecuas phservad AlRE Hee entise fper fellaying roaption with

sphy LB iroblasts are tightly attached to
thgiuﬁ%%%{ﬁg&?}‘é°°§ﬁgat%$€i§&%pﬁad and divided to fill the
spaces [Tisndéhenstrates fimt flermodifedsurfaves af/ihe nakoftherscontain

3B shows NRK fi brobl asts after two days.of .cul ture, on )
a fyecdigral gionthatsrareiladlsfrronping Hithiaastremalfeules allowing

5 COMd i %&H’ﬂbggﬁfmsh b?mgfe%ﬁleg ShdbSasrEw fhabRe ditfePentiation
t he nanof i bers. e guided mgration and tight
at tfatdmepfibrops proéaing, edhesive phateins,gyapndteins,i fagetional groups,

nanqQfi bers su st. the fibers be useful in vivo or
o AR T DR dspdheriEe PR R aotRe e epes © Feate o
gr ML £l/R &ﬁiblfd-élaivﬁlom%hmwﬁ Snandtib&' debForkitBARARotes one or

i ganents, cartilage, heart valves, organ culture, o
t r eadrerseiected adtivities,in ardll botissugriatluding pExwiirnd/@ ddEgreniation.

10 i e 30 e (Ll bRRb R RS P Rine e ot Scgl s
belf%?edilﬁé 5 i@ DarfiSg AT KB FankOmelets Bafibeandved fo §@f-hssemble into a
cu

ure met hods nost cl osely approxi nate the _ _
engeewaimsally definediaray jof pentisle derikitigeddiberstbyantrodupgg peptides
Sci en.ce,th23: 1708- 1712ti eV\al ita and Hay, 2002, Nature
Re\;l.eml%l _e%%r?pnagf Brety 7 141). Waen grown in
t wo- di nensi onal tissue cul t gkempld r obl asts assune a
hi ghly spread and adhering norphology in which the

15actin network | odabelingFineiHibersavigh QmantmDods
organi z %q o#clré% ?oo eg%%é Zibg{? vlnlm &igfe?e?]ﬁ ?ﬁe?nifcélba?l%é ph?sical properties

contrast, serve I Ssues ar
s piand ot pdsste ithens dpranvifibbr Blehdsrorapepific zelthlararays while still

cortical ,rin Wl pita and Hay, 2002, ture Re Mol
Corainigingle t,hg 3.&_113‘77?0'114&1)@.\/9@11;%%3? g%ermﬁl in e hlery%qrvﬁ?hklar

of aﬂg?,r(% sﬁ%dﬂ&ﬁ@%at&&%oa&c@ﬁtq%e@é#% B Mo Btr. A 1% solution
t wo- [ and t e-

Mensi ona ee- di nensi onal surfaces.
20 Fi lof qbdrasmsiovs(eet of Diwsanford Slmyanildboratonp b GeliulmeBivphksics,

aorkeele VarESispaiugon \nTerediss i appHgebmiear
o/ SHEog1208 i 04888 019 0L i o
f | electragpnveasiedcribedifdr/ BRamppet pexiutingra, populatioy ef microfibers
di Sctcn?tra]t{:n?né) (f_lua%tlinq %Qt%s The Iillbgrrsﬁvst/etrg Excited at 488 nm and images of the
25  quantum dot distribution within the microfibers were collected using an Insight
Bilateral Scanning Confocal Fluorescence Microscope (Meridian Instruments,
Okemos, MI) (Figure 6).
Fluorescence of quantum dots is quenched in aqueous environments.
Addition of water to the microfibers did not quench the fluorescence of the quantum
30  dots, demonstrating that the quantum dots were embedded within the fiber matrix
rather than absorbed to the surface of the fiber, an important consideration for their

use in aqueous systems.
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vol tage of 88 kV, a relative humdity of 45% and for
the rotating emtter an rpmof 35. Formation of actin
WO easos1s3 was noni tored by inmagi ng the distri beCT/082004/027535
- green fluorescent protein (GFP)-actin chinera
expressed by the NRK fibroblasts. Briefly, NRK )
fibrobl d¥¢ §¥?Y%$P§P@@ﬁfé?}1, gxapplesmddatg propisieran explgpptign of the

San [ : i '

ro k2R lo T Mg ERah PRI ofFhtiinell SNk Be e
poldysalviselbinvamidn. bEfesinvgitias $s emboditdinshe clatredhareintafipoippended.
1-1ysinein Dul becco Modified Eagle's Medium (DVE) at
37 Cin 5%C and than exani ned using an Insi ght

Bi | ateral Scanni ng Confocal Fluorescence M croscope
(Meridian Instrunents, Ckenps, M). As shown in
Figures 4A-C, cells grown on the three-di nensi ona
growt h environnent of the nanofi ber network organize
cytoskel etal networks simlar to those observed in
vivo. Fibroblasts grown on a nanofiber network
denonstrated a nore spindle |ike norphology with
filipodia and denonstrated few stress fibers. (Figure
4A) | contrast, fibroblasts grown on a glass surface
were spread with many stress fibers. (Figure 4B).

Fi brobl asts grown on a poly 1-1ysine coated gl ass
surface 42were nore spread and showed thicker and nore
pronounced stress fibers (Figure 4C). These

m crographs al so denonstrate that confocal m croscopy
offers a rapid neans to nonitor differences in the
organi zati on of cytoskeletal networks in live cells or
tissues as a function of various fiber manipul ations

i ncl udi ng physical properties of the fiber network

i ncluding, but not limted to, texture, rugosity,
adhesivity, porosity, elasticity, geonetry, and fibri
density, and chem cal properties of the fiber network
including, but not Iimted to, gromh factors,
differentiation factors, fibrous proteins, adhesive
proteins, glycoproteins, functional groups, adhesive
conpounds, deadhesi ve conmpounds, and targeting

nol ecul es. Conpari son of cytoskel etal networks of
cells or tissues cultured on a nanofiber network with
in vivo observations allows fine-tuning of physica
and/ or chem cal properties of the nanofiber network to
nore closely mmc the in vivo environnent of a cel

or tissue. Exanple 4 Incorporation of Functiona

Groups into Nanofi bers
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Functi onal groups such as al cohol, al dehyde, am no,

carboxy, and sul phydryl functional groups and
w@b@soaabs vat abl e functional groups, such as ckCDEA®0E027535
" nitrene may be incorporated onto the surface of

nanofi bers. These groups may be used to covalently
co%%le bi oactive nol ecul es including, but not limted
t o, Eéﬁ?%@éiides such as grom h factors or
differentiation factors, carbohydrates, |ipids, . .
pollysacchamafbsillapstruchiee spaptisias an gggronment forgyeliferation and/or
groups : 0 edyi ;
The. T unar sy e e i gu ol e BoRRRSE SHE of c7E Aaddibers and
Nanof i berssbyteste veleeeih tiRsiimo fibiikan sarustatalis idefin@bbgpa hetwogk of one
10% pol y(e-caprol actone) (ww) in chloroform
supplenéﬁp@aeﬁﬁ@ﬂﬁﬁﬁ%M/Tone Pol yners, Mdland, M) 2%
dodecyl amne (ww) (Sigma, St. Louis, MJ) as
descri b %efrﬁﬁo@iﬁ'fﬂ?!sﬁucmfécbf‘iﬂﬁﬁrﬁ Wik id&anofibrillar structure
aval l ability of nodifiable amnes at the surface of
t he nancbipeisss a fibeg dienetti dfabsuinidrte 1080 veeametetshan average

e o 3 Sl S REN AL o BisSbe i S L bl a0
buffer, RHeR & ledsncorporation of fluorescence into the

fibers was shown utilizing an Insight Bilateral
Scanni ng Confocal Fluorescence M croscope (Meridian

Inskru qangileites strigtyre ofslaimnivhiereirthgnasoBiillag strugiure
| evel of fl uaresc ry on e surface of
unnodi f €8P Bet %ﬁl@ﬁéﬁ%@%&g%?@gﬁo&t 0orflésgh react ed

fl uorescein isothiocyanate adsorbed onto the fiber

sur4, ac e.Themafofitri1as tstruiire @R GiimIPe et thai nanafbrillar structure
I ncor por at ed, am no, groups, 43significant fluorescence
was obséPPwasey Hpdidityof abut B8 perogalorsless) owi ng reacti on
with fluorescein isothiocyanate (Figure 5B). This data
deronst rng{esn b figiind-Reu OB Jﬂcfa(iimszu Whk§S tHefahbfbrillar structure
nanof i bers contain functional gréups that are

avai | ablcemfpoisescosaiditygfabdut 1Dipement ordessol ecul es

all owi ng for custom zed i ncorporation of nolecul es

such as.growth.factors, differentiation factors
1 ous earer et ittt tsHine nieg pedpnhii srotre
functi Ofééinpgi%M&lidﬁ?!%@ﬁbMﬁ 5GRraRAtMASss, deadhesi ve
compounds, "and targeting nol ecules to create a nano-
and/or mcro-environment wi thin the nanofiber network ]
that pr dhstmesoighrdlasstraetbes of sladwtle Huther Femprisigg pyubstrate wherein
cell or 4] I e [ 0 [or..
G 1 er epd G SEie it Ml 4lg HaRbired g surfucs of the
nanof i beabste@dpri sing different functional groups in
speci fic spatial and geonetric arrangenents may be
i nduced to self-assenble into aggeomst rically defined

e

ar fay of Thsaigneiduilins sirpetted glaim e whepsin thesubitats jsgorous plastic
pept i deg, having the appropriate reactive groups.

9. The nanofibrillar structure of claim 7, wherein the substrate is non-cytotoxic.
10.  The nanofibrillar structure of claim 7, wherein the substrate is a film.

11.  The nanofibrillar structure of claim 10, wherein the nanofibrillar structure

comprises a fiber diameter of about 50 to 1000 nanometers, an average
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Exanple 5 Labeling Fine Fibers with Quantum Dots In

order to prepare fibers with different chem cal and/or
W@baosioeab3 properti es and i ncorporate them i nt OPCT/US2004/027535

nanof i ber bl ends or specific cellular arrays while

still maintaining the ability to identify each type of

fi ber wiktgifiber spacingai@t bestabpytd micrensrand a splidgy gbiplapt 70

i ncor por.at. i filiorescent | abels into the nanofiber. A

1% sol u ?%ﬁ&%gléﬁantun1dots (gift of Dr. Sanford

Si non, Laboratory of Cellular Bi ophysics, Rockefeller

Unil2er siThyg naiefibriar ktrudie ofekiraddgeehereinathp abiyofibrillar structure

solution conprising.12 9% poly(e-caprol actone) (wWw in

chIorofGPﬁwggﬁé“ﬁggﬁYPgﬁ&%éégpﬁgﬁﬁér§@FTospun as

descri bed for Exanple 1 producing a popul ati on of

M qROT | A8$afOtrAla SRt I At FherbBBhb hBSSFHIRE Sructure

excited at 488 run and 1 nages of the quantum dot

di st ri bebmprisesia olidity b€ aldut 80 petsentoriesse col | ect ed

using an Insight Bilateral Scanning Confocal

i A S R

quenche@omprisseRUdite 8Y hb M8 pe2entAlldéss] on of water to
the mcrofibers did not quench the fluorescence of the
guantum dots, denonstrating that the quantum dgts were

entiédded hainerpfibrille stagaie dhglaimy 1y whersin the aaneffyBlapggncture
to the of 1 ' ' ant
conside?gﬁ&g%%fﬁ%h?ﬁgprmggéspgﬁggggg%%'systens. 44The
above specification, exanples and data provide an
exfdbanatlihe mandfitirliikar stnwermtei odolaithid Wewherginthe filmas vater swisble.
and enbodi nents can be nade to the disclosed

nordi n dearnpIaa s oA hersl AR Gy hAes nsolubl.

structure conprising an environnment for proliferation
andRor  dinkhghSiriiRk kefctife Felaid 16NwhEkin BYflMi&a polyvinyl
conprising one or nore nanofi bers and a substrate,

wher ei n alaebol@ivef i brill ar structure is defined by a
networ k of one or nore nanofibers. 2. The

nangfi brillar str r f ' re .

g D BB HE i AT LR i gt
about 50 to 1000 nanoneters, an average interfiber

spaodi ng Tok nahofiteilbi sabaute of chiimarénwhasih the Sidiiisibiogompatible.
about 70 percent or |ess.

21.  The nanofibrillar structure of claim 7, wherein the substrate is non-porous

glass substrate.
22.  The nanofibrillar structure of claim 11, wherein the film is porous.

23.  The nanofibrillar structure of claim 11, wherein the structure comprises one

or more growth factors.

24.  The nanofibrillar structure of claim 23, wherein at least one of the growth
factors is vascular endothelial growth factor, bone morphogenic factor 3,
epidermal growth factor, endothelial growth factor, platelet-derived growth
factor, neural growth factor, fibroblast growth factor, insulin growth factor,

or transforming growth factor.
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The nanofibrillar structure of claim?2, wherein the

nanofibrillar structure conprises a solidity of about
woeosesaent or | ess. 4. The nanofibrillar strup€TUS2004/027535

claim2, wherein the nanofibrillar structure conprises

a solidity of about 30 percent aor less, . The

narst | briemaRo iz siestsior elaan w3 oWhepgwy thp stragfgre releases the

nanof i brj r ucture conprises a solidity of about

10 perc é&égﬁaﬁgéé. 6. The nanofibrillar structure of

claim 2, wherein the nanofibrillar structure conprises

a 26l i diTthg nefofitiydlar stiuqrercofnlain25] whereinthe Fite of release is

nanofi brj| | ar ructure of. claim1, further co | Si
bt Metetied bisti e Fhisshlsienof desmadaionpg 6 Bl St Bflr
nanofi bers is deposited on a surface of the substrate.

8. 2fhe mMaRehh&itrladktredtird G ela@n Qfl, Wheve the st PBniphies one
substrate is porous plastic substrate. 9. The

nanof i bror oae ddferantiptierefagiorss| ai m 7, wherein the

substrate is non-cytotoxic. 10. The nanofibrillar

st r,gct ur. f ' her @i n. rate i il m
e s Ren i Sryct ST e Dich 29, FHREH @1l Snbri

nanof i brdifféraitistion Fadiors és SaRGitdph@s calohy BemutlitiagEicor, of

about 50 to 1000 nanoneters, an average 46interfi ber

spaci ng tpsfgrming gEewihifaeter.2 i crons and a solidity of

about 70 percent or less. 12. The nanofibrillar

St RYCt Urig e Ghin SRRy strﬂ\ﬁﬁre%g Elaﬁrﬁ@?f‘@@&feinbcﬁé I5l@Tor fiber releases the
structure conprises a solidity of about 50 percent or

| ess. . diffiremtentiohifiontods] ar structure of claim, wherein

the nanofibrillar structure conprises a solidity of

abqut 3Q.percent.or less. 14 .The nanofibrill ar

ot Pl urEe SR s e ol fleim DR NBAIAF Misfon the ate of
Struct UnglesRNPAdSBRndl BPeFhib Yo @iss@RSH orldboPRIaG8AbE M film or
| ess. . The nanofibrillar structure of claim, wherein

t he nandfbebrillar structure conprises a solidity of

about 5 percent or less. 16. The nanofibrillar

st yct ur f ' el ' ' .

sor o1 o 1he By i gl ekt Pl B Wi Hgr comprises a
wher ei n noheylotdxit pslyiet.er insol uble. 18. The

nanofibrillar structure of claim 16, wherein the film .

isapolﬁlvinyl al cohol film_ . . .
32. e nanofibrillar structure of claim 31, wherein the polymer is

biodegradable.
33.  The nanofibrillar structure of claim 31, wherein the polymer is water soluble.
34.  The nanofibrillar structure of claim 31, wherein the polymer is water
insoluble.

35.  The nanofibrillar structure of claim 31, wherein the polymer is polyester.

36.  The nanofibrillar structure of claim 35, wherein the polyester is poly epsilon

caprolactone, polyglycolate, or polylactate.
37.  The nanofibrillar structure of claim 31, wherein the polymer is polyamide.

38.  The nanofibrillar structure of claim 37, wherein the polyamide is a nylon.
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19. The nanofibrillar structure of claim, wherein the
filmis biodegradable. 20. The nanofibrillar structure

w@Roosloaisns , wherein the filmis bioconpati bl e. PCT/URM®04/027535
nanofi brillar structure of claim?7, wherein the

subgtrate i S nen-porou | .SUpstrate. 22. The

R A T A R A A AR A,
por ous. cdéprikBordBohdrbbidab@e mblcbgtyr e of claim,
wherein the structure conprises one or nore growh

factors. 24. The nanofibrillar structure of claim 23,
whéei n Hhie nanalfrilins strestuternd clpim3ohwhersiroatdedss oneasfsbe hioactive

endot hel j al oW k. [ one r phogeni c_factar b .
epi der mﬁl &S?Lgé\sklgﬁa?l g&?%%r?’oréﬁ%%tfh%qq?sfgc %ming@[”glr nucleotide,
pl at el etnudiid achd] palyauélBotid@tirWybrid eadleduldthewbh fact or,
fibroblast growh factor, insulin gromh factor, or

tragnsfornin owt h factor. 4725. The nanofibrillar

st %l!l ctu r]g}ed’%n%‘l[l%% sisuctips of glagmewheretictha fipidis| eases

the gr oWy aGheid 1R eRdlire! @i m

claim 22‘? %%?ei n(fytche P%}@%%@ﬁﬂgdgg@edef ?1%‘?{0% lﬁ’e Og{?teml’
t he rat orofixuirsdsldresfi on, or degradation of the filmor
fiber. 27. The nanofibrillar structure of claim,

wherei n the struciure conprises qne or. npre ..
di ffer o eé}f‘%@@%& Hgpcdureog 913#% #0risheiringhy ppigpaccharide is
Struct Uigligbsd biatoM ddinis il thilodh, b9A3hubll, OF the
differentiation factors i s neurotrophin, colony
stimulating factor, or transform ng growh factor. 29.
Thé3nandie Benofitaillas struéura oé clefm 81l avherain, thewharodibar funther

e PR L DL

t he whemnendfitieche rate of release is determ ned by the
rate of dissolution or degradation of the filmor

figgr. The nofibrillar structure of claim,

whéfei nThe éla‘PPgﬁ lepdrucEBapf ¢laes 3, Wemelafhenaneifiber further
pol ymer : | QK | aj

B I S e
nanof i bphétbagtivatabledtmutnalf grobyss. m , wherein the pol yner
Is water sol uble.

45.  The nanofibrillar structure of claim 44, wherein the photoactivatable group is

carbene or nitrene.

46. A nanofibrillar structure of claim 1, wherein the nanofiber comprises one or

more growth factors.

47.  The nanofibrillar structure of claim 46, wherein at least one of the growth
factors is vascular endothelial growth factor, bone morphogenic factor p,
epidermal growth factor, endothelial growth factor, platelet-derived growth
factor, neural growth factor, fibroblast growth factor, insulin growth factor,

or transforming growth factor.

48. The nanofibrillar structure of claim 46, wherein the nanofiber releases one or

more growth factors.
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34. The nanofibrillar structure of claim, wherein the

polynmer is water insoluble. 3 . The nanofibrillar
wa@eososuse of claim, wherein the polynmer is ppCHES1004/027535
- 36. The nanofibrillar structure of claim 35, wherein

t he pol yester is_?ol epsi | on caprol act one,
pol¥Pgl ychieatasofilyillas siryetaretafictaimats, whpisimtha ot i9f relage of the

structure o ' | e.. Dol ' '

S “The Safin AT dettliangs By b5 R I ARG of the
t he pol yanbferilis sauddeon. 4839. The nanof brillar
structure of claim, wherein the nanofi ber further

conpri ses one or .nmore hioactive nolecyles. 40, The
nardf br i Thegangibriliar siructie ofickainm I3 gzhem%ﬁ)@m%ﬂ%@bqféawnses one
one of t | ' : es is a lipid,
carbohyé?g?%%gg%%?ggggﬁgﬁﬁgé, am no acid, nucleotide,

nucl ei ¢ acid, polynucleotide or hybrid nol ecul e
t héleof .Tht nandhbyiltea swhdtiore dfickrimsiy wherereatdéast biag of the)

wh [ i lipiddis | h tidyl chaline,
phosphacd geEtBion festors i PRRGERI b RIong O B freton P
m xt ur eSrdnBREARg: gréwthXactbhe nanofibrillar structure of

cl ai m 40, wherein the polysaccharide is cellul ose,
starch, alginic acid, chitosan, or hyaluronan. 4 . The

narddf i britieinapolhrillse simmatuisfof eladmm0, whinsteiha nepefiber releases one or
nanofib Liher.. i.ses a biological conmpound that

pr onot egﬁ%l{e;aé% ﬁ%that?lgggg%&gell to the nanofi ber. 44.

The nanofibrillar structure of claim 31, wherein the

narset i beThefnanbfitaillas sipotinses ctiie 50; wiherretn thk ¢atb of release of the

al dehyde, _am ne, carboxy, sul ph dr%ﬂ’ or i . .
phot oact ifferentitiontogions i%@%ﬁ?%ﬁ%‘ﬁb‘é the gate of dggradation or dissolution
nanof i brddy At Skhii MG c0fe. C! ai m 44, wherein the

phot oact 1 vat aafg]l e group 1s carbene or nitrene. 46. A

nanofi brillar structure of claiml1, wherein the

narddf i bek nemfibrillsesruohee of claimn é cgmpvising faarittr and dpth adapted for
The nanafi brill ar sug ucture of claim46, wherein at

| east orfBSSEHOR IR ¢ 66{?1091’5%1{1%3 i s vascul ar

endot helial grow h factor, bone norphogenic factor b,
episger metheGlaAWityilfaa slriitureTEREMSI4 Fhe@irOk RvifitAGha depth of the
platel et-derived growth factor, neural growth factor,

fi br obl aenoighrdler siraciencds adaptesuior mseptionrio faaealbin,a culture plate.

56. The nanofibrillar structure of claim 54, wherein the culture container is
selected from the group consisting of single well culture plates, multiwell
culture plates, chambered culture slides, multi-chambered culture slides,
coverslips, cups, flasks, tubes, bottles, perfusion chambers, bioreactors and

fermentors.
57. A tissue culture container comprising a nanofibrillar structure of claim 1.

58. A tissue culture container or claim 57, wherein the culture container is
selected from the group consisting of single well culture plates, multiwell
culture plates, chambered culture slides, multi-chambered culture slides,
coverslips, cups, flasks, tubes, bottles, perfusion chambers, fermentors, and

bioreactors.
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or transformng growh factor. 48. The nanofibrillar

structure of claim46, wherein the nanofiber rel eases
wor@sou740bre growt h factors. 4949. The nanof i bPCT/U82004/027535

structure of claima48, wherein the rate of rel ease of

the gromh factors is determ ned by the rate, of .

degi®adats #Anqdibridlas stpiciire spmprising @ pabmestiapd gibiggetive molecule, the

structur Sg&p&f : [.e:0 '

wherein t g%gea%%&&e coélngﬁﬂloéllélgﬁ to%ég%%}rirlgflel%lg%ﬂé il culture,

di f f er envheatindine fiamofibrilar strudtuee Raabdtariaily Ifiwe of tollapen) &brin,

50, wherein. at | east one_of the

of clai ) _
differ enn‘lv_zhrgiog@h thraoi. & nhartregriedl 6pMPRHnddBptgRpoorly water
sti mul atéoﬂ%}ﬁf,??hﬁiﬁue@&h&éﬁmf orm ng grow h factor. 52.

The nanof | ar structure of claimb50, wherein the
nanofi ber rel eases one or nore differentiation o
f adtOor s. A B8:thofid predvsirigthe hhmofibsillausgttugtiee of clelnail ned@prising

wherein tlh%&rat e. of rgyl{)eﬁs of the diff {)enti ation
fact or s $UGHBIRE AL QH?B’E@O’E?fnatE‘QS Httati on or

di ssolution of the nanofibrillar structure. 54. A

nargif i brA defiodSdfMpsdueirfy thé nSAHLMIAr &RIFAITE OF fldind 7\edHhptising
and depth adapted for insertion into a culture

cont ai neglectigepinming amghvotrkiof one ar merenapplipes gntogt sriece of the
54, V\hersﬁwﬂat@e wi dth and depth of the nanofibrillar
structure 1s adapted for insertion into a well in a
culture plate. 56. The nanofibrillar structure of

cl a2m 54A nwitexdefonmiahefactutihg b eisquerdoaiphigingt S sel ect ed
fromthe group consisting of single well culture

pl at es, ltiwel] culture plates,. chanbered l.ture

S1 i des, Hul t {EGWRAIEP SEREE {lin@%gﬂ%%@ecﬁ%w&fﬁa%ﬁﬁo form a
cups, flasiiSaydtPRshoBATA e%§emlﬂ9%ﬂ1?ﬁ§iﬂg GH3APSSnent for growth
bi oreactors and fernmentors. 57. "A tissué culture

cont ai nexf livorgaells imepllecultarepf i bri |l | ar structure of
claim. 58. Atissue culture container or claimb57,

wherein.,the culture contaiper is selected fromthe
aroup cds: siehyr e Ensels e Tgfedrbimg oo
mul tiwell culture plates, chanbered culture slides,

mul ti - chgnber@eugng thefaBsetibl ¢ 8der CONETiShS tAS présiBse growth and/or
flasks, tubes, bottles, perfusion chanbers,

f er nent chfferenfiationiod thedepesited cells.

63.  The method of claim 62, wherein the layered nanofibrillar structures are

separated by a spacer.

64. The method of claim 63, wherein the spacer comprises a microfiber,

unwoven, or net.
65. The method of claim 63, wherein the spacer comprises a porous film.

66. The method of claim 64, wherein the microfiber comprises cellulose, starch,

polyamide, polyester, or polytetrafluoroethylene.

67. The method of claim 62, wherein the individual nanofibrillar structures
comprise one or more growth factors, adhering compounds, and/or targeting

compounds.
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5059. A nanofibrillar structure conprising a polyner

and a bi oactive nolecule, the structure conprising an
wepoosiognsent for growmh of living cells in cel PCT/US2004/027535

cul ture, wherein the nanofibrillar structure is

su antjal ly free of.col.lagen, fibrin, fibrinogen,

t h?6o%tr'rbi , n?%%ﬁ’ﬁﬁ’@%ﬁfta?tggpg FRPNEE i s poorly

wat er sol uble, or mxtures thereof. 60. A nmethod of

produci ng t heuliafed b prurdiitfior sé1lsWitiMARidRE] fArdiABYillar structures of
conprising electrospinning a network of one or nore

nanof i beddm wherainreeh sulivflugd medef@irilpr strecture contains a specific
nanof i bré'ehlr,%ﬁ{e.st ructure of claim?7, conprising

el ectrospintting a network of one or nore nanofi bers

onto a surface of the substrate. 62. A nethod for

manuf actt)r i ndaygeringswoer aaPof the ilividhallrayuefibrillar tsvct@res to form
nore nanofi brillar struciures of claiml to forma

mul ti - | &gt ellgrandssenbl y conpri sing an
environment for growh of living cells in cell

cul ture;sb) REShd i ' | :

and c) CCL)J| t u(r%iﬁng t%gl e%g\ézérg{iﬁ c&ﬁ%&?nf@%&a@?@ﬁéﬁ?ﬁ%ﬁ%m and/or
pr onot e differentiationaf tre adilsf er enti ati on of the deposited
cells. 63. The nmethod of claim®62, wherein the | ayered

nangfi bri.l | ar. sfruct.ur re.s rated b .spacer,

04 e TherRieb oGt 6 aeR BRI e Re R tRotures are
conprisegspa@atgagygfsbmf,, unwoven, or net. 65. The

met hod of claim 63, wherein the spacer conprises a

porous film 66. The nethod of claim 64, wherein the
i dPof i Jdie sk ofcdlimces), mliersin thespages sompiseparigeqfiber,

pol yest tetrafl uoroet hyl ene. 67. The net hod
of cl ai %hgﬂ?énmﬂglﬁéti n the individual nanofibrillar

structures conprise one or nore growh factors,

adfiér i n@’he amglondnats]aimad), othetedd hetshi@r CORPOSERAporSkGim.
A nethod for manufacturing a tissue conprising: a)

culLruri a pluralit f cells_on .indjvidual
naggf! b&%? Pﬁh@t(ﬁj&iﬁlﬁ@sw reg) the gpigr Ef GATHPTERE ﬁelh}losle’ starch,
IcgloI: Vlt Sggi_yaﬁﬁdé?f)bl%étéﬂ, 8f pollfctafitBethPiRh&i ns a specific

73. The method of claim 68, wherein the individual nanofibrillar structures
comprise one or more growth factors, adhesive compounds, deadhesive

compounds, and/or targeting compounds.

74.  The method of claim 73 wherein the growth factors, adhesive compounds,
deadhesive compounds, and/or targeting compounds of each individual
nanofibrillar structure are selected to promote the growth and/or
differentiation of the specific cell type.

75.  Anelectrospun fiber comprising a lipid.

76.  The electrospun fiber of claim 75, wherein the lipid is a lipophilic
compound, phospholipid compound, sphingolipid compound, or mixtures
thereof.
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b) layering two or nore of the individua

nanofibrillar structures to forma nulti-I|layer array
w@poos®i1483 and c) culturing the array under coPdi/UBZNE027535

that pronote proliferation and/or differentiation of

cell 9. The thod of claim 68, wherein the

I a;e/7gr ed ﬁ’&r?g‘?cfrﬂﬂ?qnl ﬁ;@f F]@B’tl Jﬁe‘ghedﬁlél th"ebhlldaﬁ ed by a

spacer. 1y&phds 1 f e P

conpri ses a mﬂ)?rﬂf}; er, e é??d?%?ol‘%%, E&hﬁ%we r@t ﬁgogéStGmI’

of cla|WE@©xuMMHheﬁmfthe spacer conprises a porous

fi Im 72. The nethod of claim 70, wherein the

of i rls cel.lul o arch, am de, .
ol st e FRBGTBrither B bt a6 i hen o R e e gy
of clalqbﬁﬁmaMMereln t he i ndi vi dual nanoflbrillar
structures conprise one or nore growh factors,
adhesi ve conpounds, _deadhesi ve conpounds, and/or
t arldet i Aeelnsoemadiber af chrive 7mvirseindhe polainer Ediodegradable.
wherein the growh factors, adhesive conpounds,

deaghesi
each i ndi \%ie%ggpgﬂr@%gﬁrg 9]% alr7g 2‘%1?63%: elg @%@ggﬁgagﬁsgluble.
to pronote the grow h and/ or dlfferentiation of the

spedi f i dheeldctrosyma. fibeb of dlaine 78 cvhicrsip e poliper is water insoluble.
corrpri Si ng a lipid. 76 The el ectrospun fiber of claim

B eI e it Bl 7B ein o B ogolyester

ntxtures thereof 5277 The el ectrospun fiber of claim

76,33nWhermieRldefi8spgunFitér bBclhins 8P hﬂ%?&lﬁtthéj?(dlﬁb@ér'1§‘§®1y(epsﬂon
phosphati dyl chol' i ne, sphi ngonyelin est er ol

m xt ur eSaprRbEctone), va'(glywafé) p@b@p@tﬁte)l ber of cI a| m
76, further conprising a non-cytotoxic polyner.

! 347 oaase SRatPgh ifer §f bl yE o tR Rl p'gt’ya*ﬂ&

78, wherein the polymer is water soluble. . The
el &6t r ogiharletirbgpundiber bficlainy 84, wikke¢irithe pdiganpide Y@ hylos.
wat er insoluble. 82. .The el ectrospun fiber of claim

78, Wh th . t
86. el:l“?lle rt.l,lectr(oespgfm t%reg?gf cl:leSunP % yﬁ(irsthe?rcompnsmg nano sized inorganic
fillers.

87.  The electrospun fiber of claim 75, wherein the fiber has a diameter from

about 50 nm to about 1000 nm.

88.  The electrospun fiber of claim 87, wherein the fiber has a diameter of about
300 nm.

89.  The electrospun fiber of claim 75, wherein the fiber further comprises one or

more bioactive molecules.

90.  The electrospun fiber of claim 89, wherein at least one of the bioactive
molecules is a lipid, carbohydrate, polysaccharide, amino acid, nucleotide,

nucleic acid, polynucleotide, or hybrid molecules thereof.

53



83. The el ectrospun fiber of claim82, wherein the
pol yester is poly(epsilon caprol actone),

w@oioggidaytol ate), or poly(lactate). 84. The el BCT/USRPUORTSIS

fiber of claim78, wherein the polyner is pol yam de.
85.4:The ectr un.fi ber. of clajmd84 er.ein the
pol 9y1 ani de i egécggé@now?erg clayp @ 8@%@?%@%1?% Bber of

cl ai m 73ysoptbdphetidenatne SHHISpIAAICEO BRI shREGRNIS, cholesterol
fiIIers.ygg. 'Iﬁt?e e);iilectrno;'I?)unpfibse)rc of (’:IS%i nécggyé > CHOTCSIEION

wher ei n ®HExtresdherga a di aneter from about 50 run to
about 1000 nm 88. The el ectrospun fiber of claim 87,

whey,ei n ' j er . apout. 300, nm .89.

The el achteSlech B ur B B HRTBh ndlinhe b iuifa g petiutose,
further semepriwegemntzinie aoi chitdsan ot hygursabecul es. 90.

The el ectrospun fiber of claim89, wherein at | east

carBohy e ro R aTheE R e 75 aHhcrandbd oér fueharsompeises o
nucl ei c b?&bgcal%h‘?lauﬁél a0t %I%Eoft&ratlgé‘lgﬁérg o8l &2 fiber.

thereof. 537 The ectrospun f1 ber clarm 90,
wherein the lipid is |ysophosphatidyl choli ne,
ph@4phatlihggleshrospumeibes phiclaigo A,etliangin dofiestfertidr, coomprises one or

m xtures_thereof, 92.. The el ectro n fiber of clai :
80, - wher iR ARV, Fégla@cﬂaﬂe i gRBA ot pdaactivehBrimctional
gl ycogemroupkgi ni ¢ aci d, chitosan, or hyaluronan. 93

The el ectrospun fiber of claim75, wherein the fiber
further conprises a_biological conpound that pronotes

at Pachmdie rergptraswmﬁbef of ¢elpan 94, ydrercin ghe phietoastivatable gpanp is a
fi ber of ' A wherein the fiber further conprises
one or ﬁ%?é%%ggéﬁ?g%, al cohol , am ne, sul phydryl, or

phot oacti vatabl e functional groups. 95. The

el 861 r o§haeletirbgpundiber bbelnnD?;, wittesie ke fithe comprises one or more
phot oact i va{ggbl e group is a carbene or nitrene. 96.

The el e@tPHEPUHOBI ber of clai m 75, wherein the fiber
conprises one or nore growh factors. 97. The

el ¢t 1 OBy B1ebirbHn HoeFbAIITNOSs, WHRRLS!L G

the growth factor é} 'S vasgﬁl]?ar’ endot h@le?%l()hgrgg{ e%? factors

f act or , issssenlarangdhthgbali growticthetor, bone piodgtogahic factor B, epidermal
growth factor, endothelial growth factor, platelet-derived growth factor,
neural growth factor, fibroblast growth factor, insulin growth factor, or

transforming growth factor.

98.  The electrospun fiber of claim 75, wherein the fiber comprises one or more

differentiation factors.

99.  The electrospun fiber of claim 98, wherein at least one of the differentiation

factors is neurotrophin, colony stimulating factor, or transforming growth

factor.

100.  The electrospun fiber of claim 75, wherein the fiber comprises one or more

adhesion molecules.
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grom h factor, endothelial growth factor,
pl atel et-derived gromh factor, neural growth factor,
wo 2dwsolidaast growt h factor, insulin growth factPeT/US2004/027535
transformng grow h factor 98. The el ectrospun fiber
of ai er ej I b rises one or,_ nor
di f ér en eaetl‘?‘%‘%s?‘&’c ? %@nﬁ[ﬁ’r %‘E@F f?éﬁlﬂﬁlequ sy dglﬁswn
cl ai m 98nolehigesis ﬂib?dnebﬁﬁiﬁﬂ 1a9fk€n Of a&ﬁ@1ﬁ'ﬂeﬁﬁ&§§ﬁe‘n%d ﬁﬁm these °

factors is neurotrophin, colony stinulati tor
t r ansf orAgcEQMmeleeeh factor. 00. The electrospun flber
of claim75, wherein the fiber conprises one or nore

adhgsi O%Hﬁv@ﬁ%f‘ﬁo ut%ﬂfgq ¢ plect rl?osg ﬁi)fr;‘rgsfgzgﬂ oﬁgm&qumg

claim1l erern a eas

nmol ecul @kc%sﬁlmngae@bphﬁllemdl@mﬂnﬂ aYol 916‘3| on
pepti des derived fromthese macronol ecul es. 02. A

d of t he el ect fib f cl 75,
o sPhBeLIEY PUCI ey T2l AP es FomBdnG lapidospinning
pol ynmer 5 sbfifionRof hE‘ﬁig a‘f)fo 8&?& dHE L A8 9&@%?%{(1%% tr]ilg{ influences the

nanof i bers conprisingele oSpI nni hg

conpr i sipagkiag pbihg petynzendvhackd the\lﬂmfabiyﬁtﬁﬁiahbﬂﬁbrﬁ Eﬁﬂuced by the

i nfl uence acki n of the gl ynFr wherein the )

pl ural i {8° %119& iﬁﬁﬁ&fgrf?é PereBrEe a4y Tibers apseRpRred s ephrality of
gr eat er nREIARM RBLuRt ot B pblyRRE §olﬁﬁo§ﬂ$ﬂ%ﬁ%@rmh£ 1t additive

plurality of nanofibers prodidced froma poly
sol ut i oROMPEsiEeINt ai ni ng the additive conposition. 104.
The nmet hod of cl aim 103, mhereln the thin fibers have

ﬁag%ﬁe ”?g‘rlé n%gl'@gib (}J#gau% ertglﬁqrtg? ghl?r? E@rith Ogggn}ptqrwé about 5

thin fi hetdndiery o abcdlrtan@aﬁnoﬁfetea@out 50 nanoneters to
about 400 nanoneters. 06. The nethod of cl ai m 04,

mﬁie Lhe t hi n fibers have a di aneter of about 5
nah&het & %HFH]OQ §aimg Odawberaindhe thin fers haee adiameterof about 50

claim 195110&24@&%_%& 5\)091'920@3&{9 ee?s composi tion conprises
e

a lipid. 108 nmet hod 0o a I'm 07, wherein the
lipidis cholesterol. 09. A nethod of producing
nah¥f.i bEhemgitiod ofictagmd 04 elviastinthd shitofilpsrs Bavita diameter of about 5

nanometers to about 50 nanometers.

107.  The method of claim 103, wherein the additive composition comprises é

lipid.
108.  The method of claim 107, wherein the lipid is cholesterol.

109. A method of producing nanofibers with altered elasticity comprising

electrospinning a solution comprising a polymer and an additive

composition.

110.  The method of claim 109, wherein the additive composition comprises a

crosslinking reagent.

111.  The method of claim 109, wherein the additive composition comprises a

lipid.

55



el ectrospinning a solution conprising a polyner and an

addi tive conposition. 110. The nethod of claim 09,
wWob@sei193 he additive conposition conprises a PCT/US2004/027535

crosslinking reagent. The method of claim 09, wherein

mociad of e Rpaplt A AP Ikt iBebsteiol - 115,

A ceII growt h nedia conprising a matri x of nanofi bers,

whelrldi n A bell pRiwth xedrgonigRmga thhtRIofGhACEEeRs, wHerdh ﬁiétmatnx
50 to 1000 mjcrons, an average interfiber spacing of

at | east®OHpESEs aibsrchismeerafe autrﬁé)ttpulﬁoe mlplz@m,)an@ﬁ'erage interfiber

about 3
bort o op REEEEPA 18REa043F2 HRbRK Al hlih Oy BBt 20 percent
hei ght @hd diFombtrixi levings: thp asd e bbitdA ith aafw@ht&mmmraﬁ@he

[ ave an area of about

bottomin rﬁﬂfﬂ nti3 {1

about 4% aga height pfgb %rhoamwgimé%bqqﬁéoﬁman@fhe 'fOP and
claimA )

whor o1 n Phe RSS! BEnTRHE fadts sEhil, B b o

the top and bottom are adapted to the di nensions of

t hd 1dul tusdturerontaing: and themedigrofetamriddi a conprising a
network of nanofibers. 117. The media of claim 116

ad ed in ti |nt ul t ont a

An 107 oot Sleke 380 ah® Fhashica e Gtk T EwESRICP eieahorhe

mar ker . olfeBwall bgd ﬁib%ﬁéa_rd? !@Hé’t@?%ﬁ@gotftérﬁ%fe é&fa taab MeldtBensions of
further conpr|5|ng a lipid. 120. The electroprocesseg

fiber ofhequd wherein the lipidis
Iysophosphatldylchollne phosphatidylcholine,

sphiggo Vﬂmﬂ tyr reof . 121.
The fibgy&%kgb a|n1@§§8&@hmn (HH n%%’%@@ht mar ker
i s nonphot obl eachabl e. 122. The flber of claim 121,
whétai nThaeediaafrodsmelit adaptke foriisseatiotaifaCs yigtae contZider.
The fiber of claim 122, wherein the nanocrystal is a
qu um,do 124. Th ber of.clajm 118, wherein the
fl gg% esé&f{l CFQPROQFSSF‘EﬁBG?qOWHGH}g& UOTgSPENT TRMEER. | her of
claim 118, wherein the fluorescent marker is pH

| NSENSI Thy electtaftocciRl AP BT ci8im @l@'ﬂﬂtﬂ&%on%@ ng'arlipti(lﬂe
fluorescent marker is ion sensitive. 56127

nanof| ber of claim118, wherein the fluorescent marker
i s12hnsihe glectreprocessed fiber of claim 119, wherein the lipid is

lysophosphatidylcholine, phosphatidylcholine, sphingomyelin, cholesterol

b

or mixtures thereof,

121.  The fiber of claim 118, wherein the fluorescent marker is non-

photobleachable.
122, The fiber of claim 121, wherein the fluorescent marker is a nanocrystal.
123.  The fiber of claim 122, wherein the nanocrystal is a quantum dot.
124.  The fiber of claim 118, wherein the fluorescent marker is a fluorophore.
125. The fiber of claim 118, wherein the fluorescent marker is pH. insensitive.

126.  The fiber of claim 118, wherein the fluorescent marker is ion sensitive.
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conpl exion with other nol ecules. 128. The nanofi ber of
claim 118, further conprising an optical additive that

WO eadoeR93 he aut of | uorescence of the nanofi ber PCIWRS2004027535

met hod for identifying a nanofiber, conprising

| a in fiher with fluyprescent marker, 130..

A r hod FornBABkarEfimd1 & Whutindy A3iamant agseris sensiive to
physi calcoprpipesi withotier Aanehider, the net hod :
conprising: a) assigning a fluorescent marker to the

chem,cal_.property or physical property of the

naﬁ%i b@i,% n&ﬁaﬁ‘ﬁ%/f of § ? i)iﬂ@ ﬁlﬁberrpanms%w@ranwmihahaddiﬁve that
fluores f ai.m 130, wherein

t he phygi@%ﬁaclegg{egag‘{eorﬂtugf;&:g%&g%g’?r@’teglral?&i " The et hod of

cl ai m 130, wherein the chem cal property is a

bi da8t i Vemetlioddut ientif§ig alimofibérhesmprisitd RbBlide3Be nanofiber with
wherein tﬂle bi oa%ctive nolecule is a growmh factor, a

di  f er eRt T RTSHEKSr . a fibrous protein, an adhesion
protein, or mxtures thereof. 134. A nulti-layered

nangof i bt inethad fasigeri g a a3}

nanofibrillar structur eg %@F?ﬁn@%@%ﬁ%ﬁ@gﬁ?ﬁwgfa
nul ti - | &yeefdyr.dBemeiiog compssinghe nul ti- | ayer ed

nanofi brillar assenbly of claim 134, further

conprising a G ' t Qi ckness. and first and .
second gﬁ rfac %ﬁ) %@% & ﬁﬁgljteﬁ%nfwgﬁer EoutSF ﬁla‘anlﬁﬁlaﬁrﬁge@b%? ysical
cont act propegyof deamandfiterfdndst nanofi brillar structure

and a second surface of the spacer contacts a surface
of a segond nofibrillar structure such that the

first ahl selfbRbEnHEEGANQiber ith the fueneseatmarker.
separated by the thickness of the spacer. 57

131.  The method of claim 130, wherein the physical property is diameter.

132, The method of claim 130, wherein the chemical property is a bioactive

molecule.

133.  The method of claim 132, wherein the bioactive molecule is a growth factor,

a differentiation factor, a fibrous protein, an adhesion protein, or mixtures thereof.

134. A multi-layered nanofibrillar assembly, comprising two or more nanofibrillar

structures of claim 1 layered to form a multi-layered assembly.

135.  The multi-layered nanofibrillar assembly of claim 134, further comprising a
spacer having a thickness and a first and second surface wherein the first surface of
the spacer contacts a surface of a first nanofibrillar structure and a second surface of
the spacer contacts a surface of a second nanofibrillar structure such that the first

and second nanofibrillar structures are separated by the thickness of the spacer.
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