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invention relates to a nanofibrillar structure for

cell culture and tissue engineering and nethods for
proliferating and/or differentiating cells and

manuf adYANOKFEBRILELAR STRVGHURE ANSPAPPLICATIONS INCLUDING
invention relates to r h di.a or. cell culture
conprising a matrix giflﬁa% E&IEM&Waspect of

the invention relates to an inproved nanofi ber

conprising a lipid, lipophilic nolecule, or 10

cheni cally nodified surfww nanof i ber is
useful i Al jcations. |n.one .
appl i cat PI(;% 1H§Jnﬁ§%)éerl #%Srtlol%ﬁlglrlb%r}ﬂﬁﬁ?t fcgiry &yr cgll eplture and tissue
cul t engincanug dridasstbodsdogprobferdting a@yr HeRhEARRRNY ST

the | g&go ed nanofiber. In another application, a ]
medi RAHFCTELE 2 Usgie [ethrpsnset ofrthpaveriondelalgs the growth media
| mpr fay edi Rl doRBFising 2 nBRGKe LMe inventi
Cell prolifer oRflising s nhAG OF SR, Adick BHERE 4(3e invention
r equiels &0 #y1mpnepd @angiitter edmpriiaitgex Hysitl) lpophibie sl edule, or

I ial,- i i i ith. th -
08 potorant iuir Srrick, TRELARELHGORbE s e in a varity of

at t apphieribnsTh esshplicaitida kAR MEI18a88c0fe HPEQ] Eltfire and tissue
hunoral factors, such as growth and differentiation

f act9peeerngmay; heprepsras using) the inaproves 20ofgler | It another application,
pr ol,i.f ef ' r ' ygrate, .remain in

resti ‘fﬁegﬁ@{"g? eeﬂ,jdufclaél% Iﬁiﬂ{ !?%%rgp arfg&p 0 6?%@1%’ ér.npﬁgi’f%‘iq’eaéﬁgg Fty of

the cell to respond to these signaling triggers is

Igependent on the availability of specific cell surface
nd i ntracellul ar re&ﬁw{éh_eg&MMt ransduct i on
pat hway s Chiglolifér&tiontand i AL &; (s 1T epend,.
on the or ggltr?ilzgti orﬁ1 and strlﬁg%{%?{ﬁ‘zofem%?agéeﬂﬁﬁq& spatial
cyt BEKattionsbetwhaseliar Spitinbates irecdmfuratibwith itetopSlogitally
mul fi poi.nt _cel |. surfac nteractions wth these .
Si g?]fgﬁ'?érﬁ g“ﬁ%fne"cf&#j %Cé 10 tfeﬂp ﬁ?fd?ﬁgcu?%mdst, e’éfﬂ%ﬁs‘? of specific
ext hanakl fattars, sRh bt ¥rowhh aﬂﬁﬁfi@fbhﬂ&io%%&toﬂ%&ﬁoé?&é%i Is to the
cul ture environnents, it is inportant to consider Fhe
2G el $ei tg proliferale iffprsndate Haigrate semiin in avstipostaed initibe

th h ' ..t tial , .and
chortoR Ry TR QU R he oo sesb i B Bn g PG

r ol &pemie8lon thg uvailnbiligy gitspecifx pelss 08 infthébllular receptors. The
i ntera %l ng cells (Li et al., 2002, FASEB J., 17:97-
99;51@(51? ?r*sguc&on gpt_h’ appihet arpgigmnuigfed by flagge mosinles depend on the
96 Jorddhdzakion and e nis b e fureds i
Phys%%ﬁz._ S e HOEg! 5t Rlngrieid onilinreds  fomction
25a| .of npdiippint csit Fwetrre int@adtichE G8H1HAR kignRiast malbvales, Grbuhding

th ctice cell .and tissue culture have been
di ?’8@{-21&5?’%{&5%&11%%& ng the biochenical and physi cal

condi ti ®MGesidhig cell and tissue culture environments, it is important to consider

the cellular interactions that must be incorporated info the growth environment. Cell
| types, spatial cues, and chemical triggers and modulators play a significant role in
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99; Botarro et al., 2002, Ann. N.Y. Acad. Sci., 961:143-153; Kunz-Schughart ét 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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Weaver et al., 2002, Cancer Cell, 2:205-216).

30 A significant development in cell culture and tissue culture has been the
mtroduction of matrices composed of non-toxic and biocompatible materials
designed to serve as scaffolds and three-dimensional spatial organizers for dividing
cells both i 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.
. 5



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. 2
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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

eiectrospinniqg of the polymer results in the production of a polydisperse plurality
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engi neering. A preferred node of the invention
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In an embodiment, the improved nanofibers are fabricated from a polyamide,
polyester or other polymer suitable for in vive, animal or hum‘an‘application. In
30 | another embodiment, the polyester may be poly(g-caprolactone), poly(lactate), or
poly(glycolate). In another embodiment, the nanofibers are fabricated from a

polymer solution comprising af least about 10% poly(s-caprolactone) w/w in



In an enbodi nent, the inproved nanofi bers are
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a functional group incorporated at the surface of the nanofiber. In another
embodiment, the fluorophore is conjugated to a bioactive molecule that is attached
30 to ananofiber. The fluorescent marker may comprise colloidal inorganic
 semiconductor nanocrystals. In an embodiment, the nanocrystals comprise a CdSe

core and ZnS cap. In another embodiment, the nanocrystals comprise quantum dots.



nanofi ber. In another enbodi nent, the fluorophore is
conjugated to a nanofiber via a functional group

i ncorporated at the surface of the nanofiber. In
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Anot her aspect of the invention is a nanofibrill ]
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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.

30 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(s-caprolactone),

poly(lactate) or poly(glycolate). In a further embodiment, the polyamide may be a



one or nore nanofibers. In an enbodi nent, the

nanofi ber network is deposited on a surface of a

substrate. The nanofi ber naybe fabricated froma

vari ety of polyners or polyner systens. Preferably

the polynmer or polynmer systemis non-cytotoxic. In an

enbodiyiens, a iyl G5an0F1oh 616 oCARRHiS@nipatnlk m@%ﬁﬁg& In an
0

nanofi hers of the invention. 30 |In another i ment,

t he FANSEB@LIheRIN 1538 oplcls glepr polyestadibpani de or

pol yester.p : het <enhadiaent.,  the pol.yam de ar
pol yester i saﬁgllﬂlig(t)(g%ﬁiet’ %‘%rs I N @ic\gglp CAESS §W¥$’&a?’?6ﬁ@ﬁ
| n a embetineant, dindoxmblstragmis A SW&@M'&)C&BTIII@ rcoﬁafﬁelbqn another
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pol y afsotl®ldTeheIBmans HeWiRRgfidaile EM(!I/ 4 igfﬁssogvﬁg%ld ?’?neefgr%tgly the

or other. bi oconpati bl e pol yam des.
the fiiPAs nep-gitotepe bt pryfericd ambpdimeet therfilf ik polybinybalcohol film.,

enbodi mentr , conpr. ses. gl ass or_ plastic.

In a furt Hay %glzor%gg'lﬁgn%@f%&rﬁs n})ys%‘gﬁ’rzg‘% gngly Oélaéfﬁrreaé‘t@ma
of ameifi-tayered assiblynghand fibridaosthRfurd BPRItrMBR e culth®. I an
gd'bs” tcﬁ conprises_a film The filmmay be water

ol uBTROBReYnthe panglibadan ghusturerppangrisesa spmyperbdhe spacer may

bi odggr@sial! [ OdiSS e..Preferaply the .
filmis non-ac;es)l/1 ot o%ug&%l?gr% Sglrléée?g%orvé SEW{@S]&P_ Ungg fpgpermit
fi | neells tpdnprataynd attach hothe hintafibeT hawbaN Uhé Bfaclady be water

strugt yres be_uytiljzed singly or |ayered to forma
mul tsfi’i‘i%é?/%rr‘g%gfdg%ﬁ?- yJ“B’rSPﬁ%ﬁIi Ay morfans_%smlumrgusesme@pacer
cel Imay bé bid8etLadable bid/Br bibBis@vabld HERARI Qgpﬁ%élhig Bg)gglinpatible.

nanofibrillar structure conprises a spacer
1léay f uncti 8A cabodimsuiphespacst carmpriseea fifd end pRo”d surface wherein

pr oy} f.LG qQpeni to perm cell]s to .

Dencr e ERLBitikh 6 GlbnrRaOpRER foPreh bouiraghe nomrek deposited

Spaeara substraeandahesecorfDdurb €oOthe B! confe Rl Wil ice ffie substrate
be parous or_ non-porous. The spacer nay he

spacer
bi oa‘é?d}'ggéhf aangiagaietynTh and seistralsiace separated baitheydittheter or
SPa@fEkiess & tﬁg%épeg.t 'fhplnﬁ)the} élallbgdl%lneng t Bfﬁ%?%g gg@m]tggeg afirst and

spacer conprisés a first and secon .
2§ hesqdond surfage rdierimothe fine sefie of HROPLAS bontatSA EEALE o first

t he f..ber network deposjte on a substrate and
th e“@%@g n arsslﬁ‘i”F‘&Eeeangﬁh“i fl‘?é‘“gfip%\’éfgﬁe lothe sRacer ontngisfasuefaes of a
t hesestib thaAs fbrillsH i
S i rilBkstRchib@duch st g?é(}?fo Iﬁ%ﬁﬁlﬁfa\l‘%ug’gg%rg geparated

substrate are separated by th ameter or

of B siivmeater or Hckmesstdfhe spabardi nent, t he spacer

conpris I kst and 20 second surface wherein the .

first s S?*%%aaéf’%_ g e B O v P i owoomd g vivo uses
23t i rintludingrvedund képalr dgro i S QatRth, YRS SRECAtHE A2 Faments

of n‘%‘;ﬁ spﬁcer contacts a surface of a 'second ’

narfSFHB%S PPt valvss sy @laugs freativent oftmrsspand bone grafis. In an

nangdidathédia] g separat ed. by the.

di anet er or’ t?{?%rﬁéﬁééay Ogl%r(i%t%e € Bﬁgrg?t?n%s fora cel‘i or tissue may be

constructed by engineering specific chemical and physical properties into the

nanofiber network, substrate, and/or spacers comprising the individual nanofibrillar

30  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 _



The nanofibrillar structure of the invention has many
in vivo and ex vivo uses 25 including wound repair,
grow h of artificial skin, veins, arteries, tendons,

| i ganments, cartilage, heart valves, organ culture,
treatnment of burns, and bone grafts. In an

errboqjoiﬁ%;ﬁty sofidily, \BisBEltyR BEyetS] m%r%&tﬁw SRBEER RN ratio,

a cell|l or_tissue may be const r uct ed by éngi neering

s peci HeE digpeter.dter mi@blpwmo@@ullw;mmmmﬁmpmw, and fibril

Compr F AT Ko SHASL 8 Red BBy S RESE SR pmiae
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i qf iR SFPAEs 0] U BHETOCHNU BTGNS BN e cHpAed
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conposi tion. Physical properties
char awesn&rmﬁibnﬁmtﬂuee& nd| VI dual nanof| ber,
nanof i bri gl ar.struct (Panofl brill

t )
i ncl udi ng; PEIHC s Rfotpg lef gnd Tegognifion ln?%gg%%\g%rorypepudes

adheipids {rboRy@@fe@Sdntito S, hidiétide§ msleicGcldé; polynucieotides, or
Fqeomatry, i nterconnectivity, surface to vol une ratio

9 bepolypasaiandes including, blétlnebhllnlt@@s fo prowiilufictars, yﬂ}fferentlatlon factors,
hyd
o APPh kG PR AR obeobft. Minklonsd Bl it

mcr cmnpmmdx dammtls%e tdilﬁlboumﬁsmﬂd ergetiElg sidleallehdyedhpineered
actiyit including proliferation and/or 5

di 1 1 Bfethe pargtdpllasietwprk, subsiie-and(en spcers of the individual

P EAEATEE S TS BBl e o

Bonpeelsiadgetivier ativitivsriaclnding fioluth Ialhdiﬁr differeatiations .Some preferred
Speci fi hem.c I ies re nition notifs
sucreau BB Al YRR, Mo ear bt P w. v,
aci dEGF4)uad BOIF. GRsne proehed &fﬁfénﬁ%orpﬁlz%fbtiﬁ!:lﬁﬁé héiﬁétmp%s

10 pol ysaccharl des i'ncluding, but not limted

gr ovioko iy smulating dacters amd tiaastomming gotvdh Sactdrs bt&uuno acids, peptides,

or o B RS Gl piels B e chol BRBL R B Bprotittnl SFape mnd

QDar g:etnpm;lt@’@b el lag SorfiBiatihs @A GidhaRs16ch e iNE1QdAB Sut are not limited
nanofibrillar network, substrate, and/or spacers of

t he P-rifGiuER) BTOtelﬁ%ﬁBfFW» mdaeplide hermoness ei t her
i sotropi ":I"l‘xg lees u nHbA S I frebRa RS 2 %ﬁ%ﬁs gfll%aﬁfvﬁ%t@r{g a tissue,

15 sel ecte ar activities, |nc
and/oan dmbbchment, hm onmoreSmnﬁimﬂB& stivictiles %Quytdred @Cfbmi 8 multi-

,ude VEG- P
IF?SIE:LU i fapeibrilss 4 B]Bg AT e E@mt% o thertiber @ﬁsthe
25nc |séﬂﬁ’&m‘é%§étﬁ¥u&&ﬂﬁid@§condﬁﬁ;’n9 Mt ﬁlto éﬁl%&fh%ﬁ%ﬂd/or

and transform ng growth factors. acl
pe pﬂlf&é@tlatlgmb%e depasged calsd pa ﬁnﬂlenanhm;nnent; harcte andypr micro-

1P B S5 B 5 B e SR v
b Ut niakrex Byovarlinfah@dr modifying selected physical and/or chemical properties of
the growth matrix.

30 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. Tn a
8



to, structural proteins, enzynes, and peptide
horni ones. The present i vention is also directed to

nmet hods of nmanufacturing a tissue. |In an enbodi nent,
two or nore nanofibrillar structures are |ayered to
forma nmulti- layered nanofibrillar assenbly. Viable

cel | sfuethe edipdiidngchans dntler Hiidielenvifchridngs R FohoelcH@ar activity
is cultured unde(ri C%?dl tiagns, that gr onot e grow h,
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i ndi vi dual nanofibrillar structures under different

cul t 7 ePtupiael prolisarationmang/os diffesenéiaén.t he i ndi vi dual
fibril t
ol ) 8 I ULy G g

| s  cthetogt gbwithderdicameiriseOnmatrixadf nphicHHREEwercit @8 fe@ork has a
[ i ncl udi ng growt h and/ or
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i ndi Wilth @alouﬁcramif wherin| the ousemﬂthas @ héighivafapomd Oaﬂﬁfcm& to about

(r)r? dlt e nan t%ﬁgf tlé %ﬁ@fﬁ%n dljng?r’pe%ﬁg?ﬁy a%’ﬁg‘g 2R oF aout 5 mm”

nanofoi Aol 4)(305 Iﬁfh% CTPAnotHeY eBbdfmbhtY BleYhel gﬁ)@f the guttehﬁall and the
i ndi vidual 5 nanofibrillar structures to obtain

Hesi #erokibntep a¢ g kationnire pdaptaddn the dikonsigenseusivaitable culture

het e&eg&gﬂfe&ﬂﬁaﬁ% ber dianeters and conpositions may be
sel ecte to optimze proliferation and/or

di f f er entTimtded rgroﬁh@ﬁdﬂlﬁ magpeairisef x| RWesk @B, ‘sﬁeeﬁ or roll.
In an enbodi nent, the cell

I h d
Fr:m %%88%Pﬁ'ge@lt gh%%ﬂrgw@fmmmm@%a wplatos of lgmeﬁbers In
net V%ﬁbihef@ﬁb(ﬂhmélg fnle Rtk MS§b%§ 1s%%@%d 9 Jﬂ%pthn 1nto a culture

about 1000 nm an average intertiber s
40e agonigiysy tn 2netharconwdimeentshe ¢ell gokildinedia tsfde@bﬂwti 03fd an inside

percent .. 8086P1I§%§B€1nd a bottom wth an outerwall

wherern t *has a hei ght of about 10 nicrons
to about 100 nun and wherein the top and bottom
i ndependently have an area of about 5 mMmR2 to about 4x

105 m®2. | n anot her Mfﬂﬁmmm_eimmﬁof t he
out erval I @gﬂE -0f tht:re top_and the bot
are adapt ed %grlmol gle rh‘??'&é?fgf’?ea‘ma@e%%{‘%aﬁPgbnllar
2§ es sielictaes. cBigti@s marand'ﬂlﬁloﬁethﬁt rﬁﬁ@ﬂﬁrﬂlaﬂﬁﬂﬂt@cdﬂ@bsed of randomly
corrErl s% da trix, network, mat, sheet, or roll
eposited 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 mcreasing 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.



In an enbodi ment, the cell growth nmedia conprises a
networ k of nanofibers. In another enbodi nent, the

network of nanofibers is adapted for insertion into a
culture 20 container. In another enbodinent, the cell
gromh nmedia is deposited onto an inside surface of a
culture c BRIF&r4A-Br
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nanofi bers not conp 4A-C are
ﬁqhot o cr ogr aphs shlge\néﬂmeAri ioﬂof%hgin@ﬁ% Cat

dnby fi Bﬁfmhasi s grown on pol yani de nanofi ber
TR S AR R
's3?%??f%“gﬁ*é‘ndgﬁ%‘g??”%%‘&%%@i?ﬁ@fgiot oo apE“
shoviiargibes herin thesaneturedp defired bofa natwonisfofloee er mbtetmanofibers.
e e SR R T

las usiﬂdﬁhﬂlae stiugtaisdeingd by @hﬁiﬁw@)rk 605 drThdt8 nd@kbsibers deposited
envi ronne %f?tgn gromh of living cells conprising one
b

or MBSt dfbstratgp %‘P@Pwotqp@g@phudh@mog@pmeﬁ the danofiber

by @eRed m@ﬁdmﬁf 3G gPﬂh T
enbodi mgnt s, t ﬁe n‘g‘sno{II ri FPar sftsljbocg[{t%?%anggb&% Ork A0 space, of
subghazanefivtidarstmetuteds éﬁglmrﬁﬂlftb lprotidleasn ﬁztwmbildhﬁmbﬁc substratum

def in net wor k mor e nanofi bers

f
de pé%a?%selaxmgﬁs%? QgPPticls 10t promate of APEOtPKer heterotypic cell

20an@tah gh@Physll differeh@RRA R BIRYIe Ay dr B?m’ﬁ&pﬁt ERBCell cylture. The
network _and the arrangenent of the nanofi bérs o? '1!1

nan 8195 illaetisiukes mayshralepcredio forhe mwlndﬁyebafd nanafibrillar
SUUGERER, bnfiahag el 8l Q:Rlay, de an Tn vitro

iom meti¢
The term “nanofiber" as used herein means a polymer fine fiber comprising a

ore

diameter of about 1000 nanometers or less. The polymer is preferably a non-
25 cytotoxic polymer. The polymer may be water soluble or water insoluble. The
' polymer may be biodegradable and/or biodissolvable. The polymer maybea
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
- 30 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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that is nore tissue conpatible for the pronotion of
honot ypi ¢ or heterotypic cell 20 growth and/or cell
differentiation in single layer or multi-|layered cell
culture. The nanofibrillar structures may be | ayered
to forma nulti-layered nanofibrillar assenbly,

cel | ubiggctiye meyeculss. Pietualdy she oftheibioactiagnd1&des is a peptide,

"nanafj 5. as. used, her.ein ans_a.polymer fine fiber )
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Ito h e)r/ ggﬁ“ﬁo‘ﬁg% %F{Pgﬁn' %‘E Qs mayselescepe of m@rﬁzra)grp%/vﬂyﬂamnrs and/or
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The nanofi ber nmay conprise a |1 pi
mol edffVer disrolusignegthemanofihet. |inited to,
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sphi ngonylgﬁ% {r?% g’%g' %{stag}‘%la?’e e 4 fapdorg Repragsted digtubution
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nol eg | es. Pr efegqr?abl y one of theobi ogclzltﬂllﬂ\%gﬁ{r%?ﬁg%ﬁtévém Spacing

i s aPPERT fers selesied e prampds stowsh ad odiubodigtdlityt @he network has
pol v. | ' ' nucl eoti de, nucleic acid,
Dol Yot e st SRS e bGPl mipgors or hanncls
nandhithmenctwesk. chepoics or oitemeld havid Ea@bePbOlboud SEYGEns (o

m n%butﬁ%r box%-/fiﬁ su Eﬂ?%}jr yl or photoactivatable 5

uncl 10 YT S pReIepObY Eioabt yiemes iorboealdt inicemmaphsugh a
gr oupickgesa BaleReNRR nfdly cam&‘ﬁﬁé?gg%%?%eg ﬁﬁﬁ%{oﬁﬁé&@%ge layer

conpri se one or nore gro
di f flemradkhya sambinteus monafibel eultipla ddyichest BV, AAHEIOGers

or LG4 a"‘éo'?atifu?ocut orsg%nd/ or differentiation

factors. The rate or4Reaoemat e petworanaie unwovempenet. A
of deigroalkl ataiy Grave AdekaEss@F 851 Wid (ﬁ{i}n&tar 6&%1’15@@8&&0%%%5 t8 I,about

2@0 éﬁf term"network" as used herein neans ran
ri eRteRM i Sy ie propeities of tha aswforlbirchuding, bpawe litdied 1d, Sexture,

CONkyoakik - FQr ' rconnecting net with spacing

bt non PR Pty Mt RS Ao Rel dntotn s

st apirface jo vothme natonibes didaseterS fiBdd soRPARGEBRILNREN t he

fib Q i.sing.the network form ng pores or™’

ch aﬁ]dé?pgu H:gh’/ qw&%%gw:lﬁbﬂ?ﬁ@lsﬁﬁf%@ fg?ﬁr ehematainaniave a

di aggikradiio dBart pralbidid crons to 15 about 25 microns,
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| hr ough Hie tem _c'fsgabﬁsz’se" A et lmeifi ngs SiO/EHEf26€oR whic $hRofiber or
AYifelw e %Q%ﬁbelesrig ﬁepaosﬁelz({.] g{“hee su s}ér%rte 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 substraie may
be a film or culture container.
30 The substrate may be water soluble or water insoluble. A subsirate that is
“water soluble is preferably a polyvinyl alcoho! 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 substraie but is not able to penetrate a non-porous

substrate. Preferably the pores in a porous substrate have a diameter of about 2 pm
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formed by a continuous nanofiber, nmultiple | ayers of
nanofi bers, nmultiple layers fornmed by a continuous
nanofi ber, or mat. The network nay be unwoven or net.
A network may have a thickness of about the dianeter
of a single nanofiber to about 20 2000 rim Physica
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ol e6ub&g SIOSnlaroﬁéﬁ PrhélacdIhRRRiprHe a pblyﬂieﬁi including cellulose,

car bohydrate, |5 pol ysaccharide, am no acid

nuc|s&aeh. delyamids, pelycsie o pobdstadluerasblens; The fing libprmay
mol &g %Qﬁﬁ&%gehy _&%F At &@éeﬁﬁ{@ﬁﬂé %?rﬁﬁﬁsa;?é/? diameter

nore afco AM N0, r boxy,
20r pifiabeadt( patiabbet ﬂm pﬁi i'[dﬁ&:lucgiﬁbﬁlpmay Pe afnesadnloy nehe

phot oacti_yat abl e gr up IS car bene or repe. The
subst rat €' \fwﬁya%waw g@faé?ﬁécﬁks‘?le OF ST g}ssﬂaﬁ)ﬁf‘f {SBRCST may be

and/pg8foudiof hEH- ?&ro'ugt P&Hméﬁ%@é acei€ dé&*ﬁﬁgéﬁﬁcéfﬁﬁr penetration.

rel ase one o nmor e factors an
di f fAeeadins iableito perfchmtecrmrovbispaceabet i 10 hoir zé:ll@mnctsate a non-porous

det er m neﬁlg ‘t he r.a soI n or
of - SFEE b ARG B efRaradea seyor B8R TaF by the
25eaRgacer isq,y(ﬁfonﬁ,gﬁgl@at i ng a nanofiber or nanofi ber
network froma surface of a substrate or a surface of
a first d&psepdcoyingy ggmprise one or more bioactive molecules. Preferably one
of the bioactive molecules 1s 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 1s 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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structure froma surface of a second nanofibrillar
structure such that the structures 15 are separated by

the diameter or thickness of the spacer. The spacer

may conprise a polyner fine fiber or film Preferably

the film has a thickness of about 10 microns to about

50 mi cr onstietgrem ‘Yyeacdve m&ECId@hqsrdsecbhe&emMQaﬁfﬂ molecule that has an

i ncl t rch am de, polyester
ol yi oot B8, 18 Vedoy fire gt heﬁwn%abwa;ap@gws

a m omthdchBeals, AitAintisOf ltb,%! irél
P 8 i

t 20 of
°°”‘°%'ﬁ°3 0 PP R chrkpiscolyRaEeN ey uviic acks glaiicks,

8 I ol,ubl.e acer
E Iyﬁg%e;ﬁg:ﬁIS%Q Og?‘ﬂ!o ro%l% ; Oécg{rotjﬁﬁlﬁ ﬂmoé}plél's éi}{fté)s Qeg]pfcans
| s d@t Yeaus, E;Dvahlfdcmrardlﬂﬁ@aﬁiaﬁaﬁ R bors, hbrk@iek, defirodhnitters,

top or ous cer hut is not able to
pene? frlleg{)ﬁl%es “P6P-dY, %Sﬁ) rIpeslopaliess meagkines and other

bi odegsladehh |
A o

Sﬁrsaaf@tmv@%me@@m@ms Fl’mdf:@ﬂ&skth@t noyebe métamged as a
E% ?g‘%%ﬁ)ggglhﬁ%ﬁéc %Iz%/t gnélgelps ﬁIEfL retﬁggﬁ%e‘[ﬁztltlcgg cause alcgﬂular or
pol yphysiobegfidall essp et ySRcshdindion o HoRLuRS ks bellsed VR r“}eﬂ as

nol ecule t hereof.. The spacer nmmy conprise one or

al cotRATISts or driagenists ghthats melagulsx (Gilycagnintlyband ngdlu@r
phot @aehidtaha %@ceg éff&ﬁlé %@h}é&%:g on oy L P If%s?;g raﬁg%‘;ﬁgclu%{éaﬂulose

photoact i vat abl e

spacéichalginoagidi Ghetcmma ophyahnveang r@mmnésaﬁaﬁdes bufrh8f limited
The spacer rel ease one or

ff t t
Ror SRRt obPE el dryed dhfe renppscoimrab domkine

The (MDIE), Bilclan6n8 28Svth
d| ss(ol u(?)l or? or de radgi@grﬁ cl)'?h&ﬁ%ygw[acer Bl%ér%ﬁlﬁgéget%%ﬂmamry
" bi GHRLEINY b alpbp Q4EP-4 alpke), Qs%dlphaﬁeheta AeBds, ﬁitdﬂéhmlﬂlgl -2,

th f t Th t
el AR R L e A8, o b e 215 TR atph, ana
nut T2t chtz. dmhﬁmog]iobﬂiﬂsﬁféeﬁlﬁlﬂ'tlﬁespres?eln?ﬁxtvérﬁidﬁtlﬁaud@'Eh{]age not
g te@els ept| des, proteins,
8’??9@ F‘g &% Ea gDpEﬂEy andmirimesiercoh udtndnccacids, plqmdes
t
P.“S%%?%‘i%?ﬁ% aid POIRHEES AL Sy Ghd SPBER b Rtes of any size and

pr oGQ%@}Blsltyeassyelbasmmﬁbnfaaommeuclﬂﬂnf)feeﬁIEQ tHxambRE include, but are
fac neurotransmtters, pheronones,

cha ‘%r‘f&tegg? ggg?’%‘l:aéﬁm Hos, e WW@PﬁI@O%ﬂWu nes
and ot heThe ek Biﬂaaﬁ%'ma%ﬁg{ %lgglltﬂéhld& Igtenésr gdheﬂon

el ectrically and magnet y reac
23 i gnpteyenadbesive compamialidsadhasive eampcnimﬂi and ERE&ing|cBfpounds.

h f cel | ul
enr oo R ERERL HAREeD S ator 8dhfaitesdhesan Sumemas

c eI 1haz1hdH ﬁlm)nectm laminin, thrombospondin and tenascin C. Adhesive profeins

O

include actin, fibrin, fibrinogen, fibronectin, vitronectin, laminin, cadherins,
selectins, intracellular adhesion molecules 1, 2, and 3, and cell-matrix adhesion
30  receptors including but not limited to integrins such as asp,, asP1, 071, cuPa, axPs,
and asf,.
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 '



physi ol ogi cal response. Any conbi nation of nol ecul es

can be used, as well as agonists or antagonists of

t hese nol ecul es. d ycoam nogl ycans i ncl ude

gl ycoproteins, proteoglycans, and hyal uronan.

Pol ysacchari des include cellul ose, starch, alginic

aci dpstedngtting ammatomeﬂiynalﬂdftrmm ostydcalscing @feriferoh bigha, iteiferon

are not limted t 9, cardi otrophi str nal cell )

Ger 1 90t ot “#ﬂ‘%‘? SpFrAgen gupmdate HHEROARE leukins 2, 3,

el apoyg 7989’,‘@6 i, 1RGO Y eEhddvidy ( 'VGSA)

macr ophage i nflammtory proteins 1 alpha (MIP-1

aI p h a) 2Thegemn ﬁgrawﬁBfab@t 898 mecahﬁnelﬁ meang @bloactivgrmgle¢nie that
l.L-3 -

| ff_ 1Bron:iotes 1}]{3 prPE%eiaéloh olt_' a f%l orTEt Al (;‘ﬁquh gaﬁg)rs tﬁﬁlﬁll‘ldlépjg present

| muaReltRBwdRE, bsiekéhoti initdte nfaﬁ&eﬁﬁmgrgv@nﬂllf@aor-alpha (TGF-

i ncl ude, but are not 20 limted to
| gD, 2 P@% treppfgrmne aipwth faefer-bat. (mm%&aga@&t-amd. gewth factors

I t f
280 %ﬁgﬂ g%fe‘es bngsInﬁ Bg% {Zgéfogiﬁ% (P[S@ r)pﬁﬁro%?%t %&6%1 %ctors (FGF),
c onbinniatling F&Fafcidiel mbfdmb @ aud E,SFG}EXﬁmpfoem 3, and HGE 4, B & and 10,

ﬁLSﬁﬁg\Zﬂt soviasers Qi inaliing S5Er SoNelT o8 md baa i and
| 11 WARSRrobhit Hsin RERY &I MifrotBARE TARS, LnriRECUEARA factor, bone

adhesi ve conpoun deadh e conpounds,
tar gﬁbwthgfacimrmB(ﬁFd,shasw Fﬁbbwlmz;s gomth Bictos, mmdiu:nhl@ growth factor

el BB yRlafeRbcal @RV et 00 CoONAR: S roated
- t enasbie, Bvg ANDGEIRY @rddiRE P B6lon} BehwdEn@fdcid? (GICE)] Msulin like

fibrinogen, flbronectln vitronectin, |amnin,

Idad e §act0rs(éGE):I sl Hepatpente plomttin facteuhglial peirotrophic growth
nmol I

T L L R TCE

as abhdrming gookwth FudtGd (TEF), 3t JudddOBGFs ﬂpﬁa,&é(a;’:ﬁetaﬂ'hﬁtaz and
term bioactive nol ecul e also i.ncludes | epti | eukeni a

i nmberﬂt’ioﬁkylefaééfoafth faotrphonepygtyip dested gro ?tGWe%rrdo%% derived
f act nfi’)‘?ﬁ]@ S

t hr (%9 0S %ﬁn, ost eoaém c%?%%léegﬁ)ﬁﬂ%g%% rp grcélrﬁlf)tg

2pr otdéfansntﬁtiamdf deell@ tmsmeedlf(ﬁ?;tfmrraxampteanmqummeﬂm gkewth and/or

pept osteogal ¢jn,.int fero e

P PR Rt el Sttt oot r b St iotes bienie, VGE,
1 ahlvatys, PBGP‘~AAt BDOGEUKB 'SDEF-AB, F(}Fb5ﬁc%a #hd BeF10, 11,

12, 13, 15, 16, 17 and 18.. The term' grovvth factor™

as used Kbetsm "dﬁ&n@t@nm fator'] asispbhaem meanh atbioggtive molecule
pro es t fera u

P o Broplot oY fietor iosc el ity Rlonldel i ipu B ififa o,
281 € nB@btrddhif, c8IbnY Btimhla8iRE FREF(OSF)) bowhikférathe groas}tp fetor. CSF
(TG al pha), transform ng growth factor-beta

( Tacheengrangpayte(GSE, a@pﬁwb@egﬁ;%@rﬁwm@acrophag&CSF

erythropoietin, and IL-3. Some differentiation factors may also promote the growth

of acell 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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i ncluding the AA, AB and BB i sof orns (PDGF),

fibroblast growh factors (FGF), including FG- acidic
isoforms 1 and 2, FGF basic form2, and FG-F 4, 8, 9

and 10, 10 nerve growh factors (NGF) including NG-

2.5s, NGF 7.0s and beta NGF and neurotrophins, brain

deri ved nelieotmoxeadhehize compod! bi hsad@e@der myed afbdsikcive molecule

bone rovvthf ctors, (BGF), ic fibroblast growh

fact o“%‘gt RIgBgfep iy ‘%‘0 {?éh‘é?fgge% ﬁcagg?lsra fiber egmpprisypgihe dggdhesive
endot dv@lpoahd, %ﬁﬁﬂlesfﬁgéﬁheéyg@ouﬁ@ B He, but are not Hlmltcd to,
VEGF el at ed pr otein, Bv8 E, gr anul’ocyt e col ony

sti mf W@dt@@@sﬁ) insulin like 15 growh

f I h f
naur ot 1 épﬁ‘% Dt RPN S ity olcoue

( SCF)that Kencibhnacydigatingmolechia eﬁ(ﬁ&mgﬁéﬁhmneﬁtraaﬂ@ﬁ Sfd¥hAGnt of
grovvth facaaf%) (TGF)., including TG-s a\é) %eta

bet al®Chi@Eber SofRPTisng the argqtime spmpowde wbtargdioge

Mt I ickm@6irdé @8d He@Whbha

gr ovvtch ?act ors ar?d %ﬁ%’%‘éﬁﬁﬁer g%lp%&@%nng&{ J?éé)\?\;(aﬁs including RGD

f act @P@ldwnwc{sﬁorp mmanﬁﬂlckim‘egmse ptoivah Ifa’ﬂ:tbr@ fnciidogd BGF and
f.or exa pronmot e . growt h and/ or

30,1 ?@1}%?3 ?Pd&}o"a"%eé n‘%%‘ilﬂ% Péufpand ddBHMEFEPIr ed

growt h faTh@feSml"H 1HUﬁ|eﬁus\’fE%rem Iﬁgzn§ bGhicAdbie&
PDGF: AB, FGEb, FGFa, and BGF. The fe %% bl R insotuble

" di f iTeV et bl tengs i dissobyein aQHRM@rmomoivaa T&e derm includes

bi oa r.o e differentiati

o B SEU P BLOR  g E B s,

25 ngoobt phxpsbh:mdylbhbl&[b)/mﬁt&mmhﬁllhdlﬂ% ; Va6iREpHat @Yk holRe,
uae

anformn owh factor. CSF in S
BSI %@%Fh neNEeRY§ kR, @Bt cholesterol.
gr anul OCyTl?e IQ&%&? f&%’r:lsertu?l{"yats %Fé)cf)l%rc%n T ansa %%Iemf]‘ ctored or

Some di fferenti at actors nay al so prono
‘gr owfahricaséd far ussl in coto the SEnmsioRGhT :ﬁﬂﬂml-d_co'iﬁmﬁ@ror resizing for use in

exanpl r onot.e fferentiation and/or rowt h of
cel Ings} tg%:n@%'g T Rl 4 suiue Codapgnendine: fo&éx & HEgdewn to

neanszerRufng bipide Mnes seet, riIN 8t mif RMPGES g% Qetrtion into a
of acell to a fiber surface conprising th

%OWWCOE‘%Q\%I es of adhesive conmpounds |ncI ude, but

are not Iy O | i .braonect i vi.tronectin ]

| ami ni n. f? ‘%rﬁ] %@?%Cm&ggl&heag W@%B%BWH“’&@W@“EG’YM holding
her enddianfea nsltaingianail ok ¥esudDITRE tlifire LG, rﬁ%@@a&hﬁ plastic.
detg)%maaggtﬁf a cell froma_fiber conprising the

dead F&E&S BlsptUR Bon-Eyigiagice The feraeaidives sandainmipeiudeg shut is
I nChydemitbiio, ShS1eRRA Iﬂu!tm/éifs&ﬂﬁn% latg] R%@e&gg ngj g@lac%ambered

tenascin C. 5 The term "targetl
2her eulfureshdrs, @Vbrshpﬂ;bupseﬂnﬂds etublésgbottles 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 depqsited on a substrate. A mat has a thickness of about 100 to about 1000nm.
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that functions as a signaling nolecule inducing

recrui tment and/or attachnent of cells to a fiber
conprising the targeting conpound. Exanpl es of

targeting conpounds and their cognate receptors

i ncl ude attachnent peptides including RGD peptide

deri Véd f roaldsifor CaegingOantheilnvegionns, growt h factors

i ncl udi ng EG- and EGF receptor, and hornones

i ncl udi ng “tnSEAPHF A RSul in receptor. The term

“lipid a i : ' I o

s [ nsol by peck ST TSRO aey Ao BR et Lihriing o
nonpdivit BregunpBbes praferally hasTh diapretemof tess thee sbout 1000 nm. In an

o7 A ipelfoctP ke 18E5 it of agud 0 to about Fbo'snometers
phos [ia tiingith e firofiBer B h&Thidh 8 vati&§ by _Q}b'cplﬂ:ations, including cell culture

| ysophosphat i dyl chol i ne, 15 phosphati'dyl choli ne,
sphiﬁﬁ@ CREINEGRECchol esterol . The phrase "adapted

for insertion"iqgﬂ%ﬁgqmﬁq%gh%ﬁe Ii%smanufactured or

fabricated for use in or t mensi ons of a

cul ture c@ht aimeveduranoBisdrprefgrablyrcotipeistsh nddkcytidto£ibolymer. The
i mensi ons of ,a cul ture contai ner including, for

anBPYDEEWRY bR g5 spublg or pire mspluble: (ihagobymsr aw ber om
a s hﬁi%ﬁegﬁ@ibhe arfdfor BdidsOlvabis! T@%‘g&@r@fﬁlﬂﬁ% E@flﬁl‘rl%saeﬁry Olymer

into a 20 culture container.

cont atidvesecond busdiffetent milymenddiforiag e pelytactype fmslecular weight or
hol di;ng. dia faor cultuyring a cell or tissue. The

cul t }E’g“’ég\‘@e{?%W%?“W"B “@P%%%f t‘a’%ﬂteﬂlagélﬁff%t‘?‘f tepIgraEr gD v

the pl astTie pAyMerblad @h s réactedR8d FRTEI Gitb aWile chemical specie
contai ner includes, but is not limted to, single and

ul t9nsen be plysically cpmbined inte hdtindedepmprgition by an annealing process.
e lid ersli ,
R 5y R Sy

bot tdreemfatiope Pafatcdmmabitdid e sherbicall eARERE $ntd A dingle polymeric
fermenters. The term"mat" as used herein neans a

deng@F§® F?ﬁhépwef @Elaﬁlgﬁ’%mag Cah’@ﬁ@ﬁ@'@nhﬁ@'_@ reykeals a single
Nan Qo REérR: mateRaldisaty & Hﬂ{egﬁﬂ fon BABHR 6% 4 el‘eﬁgd Dlitive
d . mat nmay be unwoven of

may be randomor oriente
2fet malemalt cardyrnon sunface nodtingef Bk alidiideidnehe famofiber that provides

T 000 Stiely P mpRiCinior < R g e EPEaHed FRWIY Po contacied
A i YR eendiRpie g 5D Qﬂﬁidﬁggrﬁ& WirgEult Sﬁerétfh\g,%fm%iﬂgil@gs. The fine

provi des_an inproved nanofi conpri si ng
The fikanef the elesyfanaseriali sanfave a difinetertofabaft 106@ smith dess than

abo n errbogi ment ., the panofi ber. has.
2 d ?%%%gg%né@etgéso Lﬁ%@% 8g?r8 g a.nrte alsgb:@ttlh FUPRrisHgR2 alscrete
25 npiayeedf thaadditibemaleHaluseh hter BoRing iR MdRfve material that is
applications, including cell culture
partly solubilized or alloyed m 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 nylou,
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and tissue engineering. i. Polymer and Pol yner Systens
The i nproved nanofi ber preferably conprises a
non- cyt ot oxi ¢ polyner. The 10 polynmer may be water
sol ubl e or water insoluble. The polymer may be

bi odegr adabl e and/ or bi odi ssol vabl e. The pol ynmer may

conpriyse Gafout 5% NOJINES aboafZh%8 ai@A¥IBEl61 Patontih§% € (1843L 286,
pol y rgég ffering in polyner type, nolecular MEIEPt
o gy Blapticsipeback Melvan Kphartash Hrnsen Rublisher, Newa¥ask (1995)).
at el evat g &@gﬁg{ I k¥ﬂ§ .end can be
reacted andpfor &éﬁﬂﬁgﬂﬁﬂggﬁg?e C gﬁg%g Specie 15
or can be physically conbined into a bl ended

" cQnposi ti by an anneal i rocess. Annealing _
i%plies a%§ﬁ9§P%a| changégfyﬁﬁéﬁﬁaystaﬁﬂﬂﬁity, sth Vaiue
rel axat i o8p&fific Ckdveipt ati onp.fyeferred materials are jgg
chenicall¥%;eacted into a single polyneric specie

such that VéatgnAsermdioni al SBa¥iffl ng Cal ori et er anal ysi2zs

reveal s a,s q!g ynmeric material. Such a materi al
when conbl(zr?elg W eﬁsqé}bpr eferred additive 20 materi al,

can form Hashegsace coati ngDof4¢t he addi ighyg ©N t he 65
nofi ber_t hat provi des ol eophobicity, hydrophobicit

2 ot her Do{}segg’&ﬁ;)c“@d i mprovE§Cstability W(}e{]ﬁ cont act & (309)

wi th hi ghpipipengidre, high hgmdity a W ffcult

operati ng condlsti ohs. The F’l ne fiber g&a&ké chl ass osf0 (7.3)

mat er i al s@¥ielhave a di aneter of about 1000 nmto |ess

than about 5 nanoneters. SQuch fibers can have a

smoot h s%%@%‘&ﬂgﬁﬁi ng ]§‘ Pscrete 25 Yayer of the 350

addi ti ve WBhehl Mbddlis an oupefpcoat i ng Rfpd si?dd! tiv 0 (26)

material that is partly solubilized or alloyed in the

bol yner sYelmedesisiivigot h. Pr28Ferred nat ehinagrs for  ude'”
in the bl ended polyneric systens include nylon 6;
nyl on 66; nylon 6-10; nylon (6-66-610) copolyners and

ot her | i nkpolygimybiledtloy halimgdhRydrelysiy d6sre6 BTREORISTItO99.91%% can be
preferred nylon copol ynmer resin (SVP-65 1) was

anal $eLH 06k PalymsE sysiimsydihgterarg prefyably erosslinkgd,cng they are most
titratd . . . .m i on .
R el S g AT D) S
299, andipdopiobippd s MBI4947) . A nunber average

nmol ecul ar,wei ght (W), was between, 21, 500 and 24, 80Q. .
The conpg)rgﬁe??g'ﬁnersﬁfé')bgé‘tsf A RateHpLRptopi yfompind with

el tanta@AERE Arp&itRn th MSBvE AHRANEhe BY b ationd
about 45% n;F%n 66 abo@?v2096and nglo éigng@gﬁ%&g%bgnm

( PagEeforsal polyapens mseitbis this sspestanfdivoioksntivilindlnddfianpaymers,
L N I
25/t hhdhdIpolydnely phd; 3 pavadile, 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 mvention.
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



Specific Gavity D792 -- 1.08 Water Absorption D570
% 2.5 (24 hr inmmersion) Hardness D-240 Shore D 65 10
Mel ting Point DSC C(F) 154 (309) Tensile Strength
D-638 MPa (kpsi) 50 (7.3) @Yield Elongation at Break
D- 638 % 350 Fl exural Mdulus D790 MPa (kpsi) 180

(26) 70 pbrevia wiweadRzBlebinpbéidol)- A% AutideaiodPneh?, tHe additive

pol yvi nél .al cohol having a hydrolysis degree of from

87 t §798°¥iYp e ANIgEvemeleoyle b pomihsniugther craodinpny, the additive
Thes@o@p&itkinah & talinyc. i} ‘g‘)qlt(?qt iti

pr ef _e(r] agl 31/ cr osg [ nk%gfﬁazldg{g%n‘%?%g W%ﬁ%ﬁ%@f%ﬁgﬁdwwe that
quantictdagss cofleqrpasepinbephbfiic ludfsanck foy diapiobi.cin an

i ST L
addi bptical sdapehibiized QudrBREA WA IORIA of itfLAl?By @hhancing the
operational properties. The preferred polyners usefu

i n t fipsel i prigaraie. Enampleyefnntiorl addisivesdiaciuge,dmt are not limited to

ol Lysd nyl i chl ori.de rs,
pol ¥ Tt 4R KB B R BB A Lok Ak oho
pol ynmer s Rdlgmer MatBAilk tifad by be JsBORADE Sy RGriEBLBpbAichs of the
when, conbined with strongly ol eophobic and

HY dr Bpesienénclydedioth gdditierrpalyrserrand esndensation polyinur ofdtdyials such as
or ' | it tenials for in_.a

coat# nﬂg %ﬁﬁp? Elé/@q;eitt%i@ﬁ 41?36121?9@8 I}%gtgg%eﬁ WL eﬁl:}er cgﬁsg%r, pylyalkylene
si mi dufideppdlyarplese sxidb, mdysalfbles Additied Polyishi@oneNolAAGs and
simlar | yvinyl ¢chl oride, pol yners, blends of . ]

pol yRHHF r terker dirlsred ggsialpiasidalhpehindbesq|zengiq dasse igelude
Y SR E U BT 5, RA R s BB, B
liSnv gmoty(einylchloritiél, polyagaiyiineibaialei(ldothipdc iR Sedis), polystyrene,

polymfirs re g?eful_inf,orm'ngthe nanofi ber or o
mi criBf CORAYHERS SiareptdingudingAR fnfmrethlenk copeigmers) epoly(vinylidene

co R:INe gl i: 011G I

o ROy Rk RGN LGRS, 1Rty S BRI VBl of

conpiyirobsisi(B dYntaB8.5046)dn 2B sgmked mid noan-absslihked BrmiQ Preferred
In.a further
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200! @fitlas fok gp@myl&loﬁ‘d_wah@gm fh B ylafehFol§dPiché ¥8ymer
conposition is a ceram c. Thé additive conposition hay
be &PBRsitiangior aldRystaryew tiherystallinity for polyvinylidene fluoride and
polyvinyl alcohol materials.
Aliphatic polyesters such as poly(g-caprolactone), poly(lactate),
poly(glycolate), and their copolymers are biodegradable, and biocompatible and
25  among the few synthetic polymers approved by the Food and Drug Administration
(FDA) for certain hwunan clinical applications such as surgical sutures and some
implaniable 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
30  nanofibers are fabricated from a polymer solution comprising at least about 10%
poly(e-caprolactone) w/w in chioroform. In another embodiment, the nanofibers are

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

caprolactone) w/w in chloroform.

18



i ncreases or decreases inherent fiber fluorescence for
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is a quantumdot. In another enbodi nent, the optical
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One cl as f. pol yam condensati o mers are nylon
materi al Sidﬁ].?ﬁfé po%*mers epqumy 1%6116 Huoe%e}/ syndlsotactic 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)
30  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
19



term"nylon" is a generic nane for all |ong chain
synthetic polyam des. Typically, nylon nonmenclature
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ABA 20 (styrene-EP-styrene) or AB (styrene-EP) pol yner
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e g S R R R R b

sol wmderstood tphenonsehen frowhieh a crosslinking reagent reacts and forms covalent

bonds between polymer chains to substantially improve molecular weight, chemical
30  resistance, overall stréngth 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

mnfluences packing of the polymer such that electrospinning of the polymer results in
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solution spun. Therefore, solution spinning of the

pol yet hyl ene and pol ypropyl ene 19 is very difficult.
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chefhC@iba2d | rak)l st th and
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lysophosphatidylcholine, phosphatidylcholine, sphingomyelin, cholesterol, and
mixtures thereof, '
The additive composition may or may not affect the activity of cells,

30 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
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i b, drld 1AAE rodh R yEst of
20 pol ydi spersghgi{su?al | t?/ of hl?‘gut“ﬂ Cc nbgﬁgﬁﬁ%lcwlﬂb

2Ran @h@ﬂpéatsdyll@otmtr,rsphmgermsrehnl, nrlamﬁmhethereeﬁbodl ment, at

oot R B R b RE R Rt Bhde €h Bt

enmb @ﬁfdﬂ@ﬁﬂaﬂo@fac{o@ %Eroﬁ@@:@feuf Qfa/ef acﬂ@bﬂf@pﬁlﬁﬁﬁ SPreferany the
plurallt I d containing nanofibers is

hi n
f i b&rogvth ea* ‘é( » bpvee mghogeapic weiop BsFET ,&HDGE; NGF, FGF, IGF,
nonge 'ﬂ} t 9¥éf§1’ﬁblbrrlh@$ f%pgl?%&eﬂ&i?r ESI'}I%UJfo%%HﬁgldC$FV&‘ TGE.
conpaosi I on uences pac 0] her is
28 biPteéﬁhblyehd'ﬂ)fﬁtbuheuon fhbier isimm@trbpmnmﬁ;le,mlmﬂmy be a
l'ipid. eferablythellipldls
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S PhiREOE R with 381650 poly A, 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
30  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 fendon. Adhesion

of the nanoﬁber to the subsirate can arise from solvent effects of fiber formation as
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m xtures thereof. The additive conposition may or nay

not affect the activity of cells, 30 including
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30

iti. 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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19 shsgeseri, aereddpePrivgony '=&ﬁ§mﬁﬁl%glh03§)a}n8 “methyl 4
bong RONLRAGSb RIS, R Y& hyiaRdi SRS (aRdy® cadaverine, dansyl

occurring above or below 5 Tg, and the pol ynmér )
f or ryidedzinenor mixkurel thereal divieveirmEoinarethssepind othicr putale

with solyent or ,steam at e, t.ine of ,adhesi can

e TG SESLIRIRES POt Do IR TRTY SR 208 GUpF A robes.
FUnghjeRAlOTY! MRS effbbdRfent TEOIRRERIRisaddéd® thetpslyBier prior to
surface of the 10 nanofi bers. These functionali zed

1§ur fedestrosprimyingef 2 ranefiber. T apother embodimengehe fluorophore is
pol ypept.i d [ ] pi C t j
BT o Ll 3 BRI Bl RTERR B8 s o

am no , nhuclheotl

or afahefibddi BagHothee eibbdifiiche tHedluohepheie ik acigugdted foe bioactive
nanofi ber. In an_enbodi nent, the functionalized
sur faeleeiethat s @ltaphad g HBAORPE. r eact ed to bind one or
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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
30  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
24 _



such as allylamne and/or allyl alcohol, in a reaction
chanber. I n another enbodi nent, functional groups are
i ntroduced onto the surface of the nanofibers 25
during the el ectrospinning process. Dodecyl am ne,
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fl uor ophore 1 pol ymer

2 ectmple ping mhmgfibefs iaclnding foubgst. linkifedandilie apsivhoelisiEdthputer hard
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f unc{ERPIGHIGHD AhEUIRaTied aapliaHenss (redwipraypd pprofiber is
oy 5 SRR, Ly LT B o
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col | c%h%%iturie%%& giaélsrtllie %néﬁégn%% rr‘r?a% teofgbﬁcated using the improved nanofiber.
25  In an embodiment, the nanofibrillar structure conprises 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
25



20 nanocrystals. In an enbodi nent the nanocrystals
conprise a CdSe core and ZnS cap. |In another

enbodi ment the nanocrystals conprise quantum dots.

More information on nanocrystals and quantum dots may

be found at www evi denttech- com and
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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



iv. Applications The inproved nanofiber maybe used in

many known applications 20 enpl oyi ng nanofi bers

including, but not limted to, filter applications,
conmputer hard drive applications, and pharnmaceutica
applications. The inproved nanofiber is wuseful in a
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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.
27



15 nanofi bers provide an environnment for the cells to
nore closely mmc the in vivo nature of the cells in
an ex vivo environnent. B. Nanofibrillar Structure
Anot her aspect of the invention is a nanofibrillar
structure. The nanofibrillar 20 structure conprises
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between cells and the nanofibers.
As shown in Figure 1C, nanofiber networks may be electrospun in an

oriented manner. Such oriented electrospinning allows for the fabrication of &

30  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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and/or differentiation. For exanple, porosity of the
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electric field to contrgol the formation
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

30  including, but not limited fo, 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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and deposition of polynmers. A polyner solution is

injected wwth an electrical potential. The electrical
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an emtter such as a needle. The polynmer jet within

t he @refetablyahé difetbntistiai faot © delirowapldn, ZCSH, @QUTAFd Preferably the

subst rf%%e,, 15 during which tine the sol vent evaporates
and AR Liatipn fackr sppurofoghingeuf+ i B ngl e

cont i nuou ﬁuﬁédoﬁﬁéj]\‘%%%ﬁrg%gd tiﬁcoi’ﬁorﬁtg@ gmvs%ﬂ‘a%(@&{ thEn@ork as

the substrate. un nanof i ber networks may be
pr od dessdbérhfor tiye inproiednarofiber. Biecfiinctomi ke atifames of the network

shown in Figures.1lA and.B, rand fihers be .
2o e i B Frfiey 1 g aTen i pp ABGY e iphdy B p eRRlyseccharide,
t he fadedideenil@s adidl§olyAUEBsHARNoCANRHiSRL1ife HB1tMB 4OMe surface
distribution of fine fibers that can be bonded to form

an i ff e petsiaregln amcmiedimentie Ampddtabiesd Junfaess|of ghe negvork are
net L. L yel e t :

{1 beratg ek cE: Bl oo o RBREE P aRhARFDhe g dfyo orthe

of ahiouitive ridledubesdd @ gtowdlb factir,odiffoentifiodf Rdtal) iyroub etuteir, and/or
o abgut, 10 m.crgns. Such spaces formpores or .

i:ﬂ_h an _e§“’? Hfott‘ﬁ’é- R‘é’fﬁfﬁﬁﬁg}e %_'i% Pﬁohlsl‘éﬁﬁ%djoﬂ%ﬂmfphogemc factor B,
AT T HSFOPDEE, NBFSEGHTIIR 8L 1605 PrelBraBly Gh hifRronflithPhactor is

bi oacti Ve nolecufes and/or allow ng cells to penetrate

and mexotexphe, GSFeorBGfor k and grow in an envir onnent

that pronotes niultipoint attachments between cells

and the nanofibers. As shown in Figure | C, nanofi ber
networ ks may bg eligghiospun in an oriented nmanner.

Such oriented electrospi nning allows for the

¥abr i cat i Yruchiralprggerisrd thepmno il skuduepoeis asrreagth and

singke.l.aver of nanoefijbers qr si,ngl e | ayer, forne .

oy S s Bl REHTH By B RePa® i B Gber notwork
hei ghtessitéd erhdisaisbtaRmaf cotprist BelhBodeagiads ddlastic. Preferably the

Physi cal properties including porosity, solidity,

f i brijlastigasyaen-gytotoxisy tLhie subsiratgsravt e, a %ﬁ%@oxf Guifare container.

ori %E@Iad.bﬂgtygfﬁlﬁlmgs :ﬂl{?(%lél%?slh@)ﬁg{ mdfd % lébdlﬁy% l?oeabout 1000 microns.

sel ecte contro Irection a
20r i ent at i'Tthe sabsttalkkemapmowatoesoldine or twhier fiublableatiesubiBate that is

during th | ectr.ospi nni ng.process. .. Preferabply the .
por v Blubfe 1 REstEaby @ Roly VB 81 B i imd B D sy gh a polyvinyl
t hr QU@RoL fker Shahgt CThANBSrAAMAY bB 5o b porblls. @brosity of the
enbodi nent, the space between fibers is about 0.01 to

abo gubshBteis deiomained hy eelbinpenatration Aeel js ableeto pepetrage a porous
bet n fibers is out to about 10 m crons. .5 .
oy SRR it S T8 enefi P PPaRep s ebUG F GFly the poresin
26 harRRisisisibdta have A @dnRitdrldf abori I ik td idudld A NThe substrate

di ffusion of ions, netabolites, proteins, and/or
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The subsirate may comprise one or more bioactive molecules. The bioactive
molecules may be incorporated into the substrate during fabrication of the substrate
30  ormay be aitached to a surface of the substrate via a functional group. Functional

groups may be mcorporated 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, mucleotide, nucleic acid,

polynucleotide, or other bioactive molecule fo the surface of the subsirate.
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{ he SHBAFIORE R Sieh it ltwolq%ﬁ?@ré&rﬁ [ESames ghe separated
23he bhuncdihAge! braRfiosus B@&%% Lerthe network 5 may be
reacted to bind a peptide, Bolypeptlde l'ipid,
car bohydihe spacpohysemaiiseiadae fiber or film. Preferably the film has a
thickness of not more than about 10 to about 50 microns. The fine fiber may
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. Porosity of the subsirate 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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2Qubstrate as dieshiuitbdydrat Atdembly ofiiNmodidrillariifuchees

The functj onaljzed surface of the substr at
react ed tAOnanBﬁh’a%gSH@fﬂq the v eRiondnay ke use lnaXanety of
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factor, differentiation factor, fibrous protein,

and MeHLY &8 Wae pideex vivo uses including wound repair, growth of artificial skin,
veins, arteries, tendons, ligaments, cartilage, heart valves, organ culture, treatment of
burns, and bone grafis.

A diverse array of growth environments for a cell or tissue may be
30  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 Iimited to, texture, rugosity, adhesivity, porosity, solidity, elasticity,-
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nwoven or net. The m CI‘OfIg may 30 be fabricated

r om manyM8! typesrad CFH?GTI%‘P%@O@@ qm}h@g@oﬁb@ﬂ%ﬁwg@re including,
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may be water sol e of water inso I'he  Spacet
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subtratels et er Iar netration
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25-  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 '

30 induced to differentiate in an organ specific patiern 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 pulti-
layered assembly to a given organ. For exaniple, a stem cell may be induced to

become a liver cell by engineering the appropriate differentiation and/or growth
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and/or sequentially layering individual nanofibrillar
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g? ?lr]j)gc? c![ S%E@?c{q 6t19‘%1 Iet[%go!t \(l)lr glé?sltenqgne?ttelctb ;rnllc{ carl mclude 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

30 is to produce an immmune response. Cells may produce substances to aid in the

foﬂowing 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; angment tissue; and to supplement or replace
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but not limted to, texture, rugosity, adhesivity,

porosity, solidity, elasticity, 32 1 geonetry,
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phy sir6@bte cellular activity of particular cell types may be engineered within an

individual nanofibrillar structure by varying and/or modifying selected physical

30  and/or chemical properties of the nanofibrillar structure or within the assembly by
selectively layering the individual nanofibrillar structures to obtain the desired nano-
or micro-environment. The physical and/or chemical characteristics may be

engineered as described above. The multi-layered nanofibrillar assembly is than
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and/ or chem cal properties of the individual

nanofibrillar structures or nulti-Ilayered
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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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nol ecul es identified above as possi bl e substances.
Cells can al so produce antigenic materials in
enbodi ments in which one of the purposes of the
nanofibrillar structure 30 is to produce an immune
response. Cells may produce substances to aid in the

f ol | enadige, BOMhthiélpkstonaldoksibenRl nittb RV Bor bHiRiHon OF isolated
stimulate inflammation; facilitate heal i ng; resi st

i v HEueRjEe Mg forgr sl dealiinmemyederuspd tecdeteshend trashsithec e
neur ﬁfsﬁ'ﬁ)ﬂﬁ‘?@l\ Bfg (?Ioa%uﬁﬂ @cgln ﬁlﬁ%ll.u?{ a%lqﬁe{l%yor i o%%%osﬁ%h tp?cducts of the

pronote ce mul at orma
of bhmdiHayersd elsifibaillgnasemily SSihér iz dnd dsi¢ppine Rebethenihe
rgplagﬁ 34 skin, synOV|aI fluid,. tendons, cartil age

' FEOsiamBrodRgls ef the a%“F’@B]rYséhcﬁ ar%mﬁﬂa&b@fel%‘%@éﬂ TgSponse

bonewﬁa{ fe¥poRRd it diaGehd tféh@% oﬁaﬁers oot %tb'oﬁ

engi neering can involve, for exanple, I ng o
removi ng genetic nmaterial to or fron1a cell, altering
exi sting genetlc ter|@¢ or bot h. Enbodinents 5in
whi ch cell's ar'$ H?P ¥ or ot herwise engineered to

expr ess alngiﬁﬁﬂaeﬁ@fﬁ)hbiﬁﬁmt ﬂlamsmcﬂmhllm ffuchRE SR ok dntion may be
transfected enes, or both. Gene sequences may be ful

e tﬂi Aegtiput apbiaeitons formualyzing Hyngérel imteiapigons| Hligh
- il W%bﬁhﬁ‘ﬁh G EP BB SRR 1B} AEHE o

nanof | structure.

m crphaenadenticule rfﬁght]h-aﬁbnpmoxppmatmh huharmamwf:u itsyte@iltare

particul ar QEHA 10 or tissue_nay en i neered into
E‘g‘lﬂtl

t he FHamBEESH &1 i abryt Hyo w}lm@ frdfsFeasing the population
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nan
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200 cmoeaswrementanent s that pronote ceIIuIar activity of

a partic cell or tls e constructed by

| ayeri ng i AniieFiamp igariap. (B Fasel ﬁ*fl@g stHeipr Rk b wied i pagification
Phy $h@R} sepRMiBh aSIRTGR! hsvalﬁaﬁmnhﬁ&ﬁbnmﬁ strcthirPO%s B@iayered to
and/ or chéem cal properties may be engineered into

- i ndifeimda ehiromatgfaphy icbhmm. ﬁwmcallan@’m dended propoeibs mcludmg size,

b Vi el | to.the
A A AR R NS R
25s @éﬁahué o skadPle, a@Rstbin RS a sdlh@dn. %Qﬁ%ﬁﬁmﬂfnﬁfﬁ ri1:1d1v1dual
and/or differentiation of the deposited cells.

anofperitbsiiaosrusiaes mpy be lagered toeform tan pélEnityraelumon. t E:h)@u:al and/or
on 'cﬂgﬁl\éﬁlq)lll%emes including, for example, specific functional groups, polypeptides

comprising a specific receptor, or immunoglobulins, may be engineered into or
attached to the nanofibrillar structures to selectiveiy 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 meluding, for example, porosity and fibril density may be engineered into
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25 nanofibrillar structures under different culture
conditions and then assenbled, nmanually or
nmechani cal |y, layer by layer under sterile conditions
into a specific multi-layered nanofibrillar assenbly.
Nano- and/or mcro-environnents that pronote cellul ar

act i \the yhulti-layaietl in@nd{ibkilieedsbenidlp @Salroy, cﬂ?pe?ﬁﬂé&ﬂ@%%@barated from
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and/or differentiati The 1 ndi vi dua
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condi t 1 onbi§ HPH LR Prayibg fainEae 0 dtéirsd fffpegstons for use in a
ass egitluye cohfndfUlid hir ethBoBhEH, B %_@lﬁ'@ﬂoﬁtﬁ'ﬁ%d?ﬁcg?ﬁ%@éseﬁnahix of

to create nano- and/or mcro-environnents
pr onisefiberg sdiereanithe apiweriahasaciibey diagnetdriof howlit A ngr ovabhut 1000

and/ [ r Latjon, . Bi r.adab and/ or . < 4

b1 od gyt Bkl ABacine b AR AR 2 v RBORE b anatiy sotidity of
200 eabotie30 peayenb or fefts aid £6pkal whbeoh et ByQari&sall wherein the
nanofi bri| | ar Islt ructures conprisin the assenbly to

fi neUiHall fan beighief aboutil € myciony o epeismm 4o whereis the top and
ass &by indéraeﬁdérﬂg%a% arl LR 5 e 5 'aﬁ’e t‘% %i . The

nol ecules fromt spacer may be determn
r at grawthohedlz gragbe sizehoramsizat tobiledicd dohetisions f@fust hrea culture

pol ymer . copprising the .spacer. e assenpled cellular ..
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and/or differentiation. | n anot her embodi ment,
nanéh¢drmolll metwerky eonairecompasiag ithgrovtiumbdin. s apylest endodiment,
renmoval from

ﬁ;ﬁglife: (léeillegdrf)‘gﬁc Itg?%!lﬁ CQIpILses ﬁﬂ?/twor QF nﬂ%%%lbg iWQl%i‘eilt.l H’L% 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 é 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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be assenbl ed manual Iy or nechanically, |ayer by |ayer,
wWthin a culture container to fonn a nulti-|ayered
nanofibrillar assenbly. 25 Degradation and potenti al
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metﬁsﬁr Wé%jddge %agﬁﬁodﬁmsﬁr% feresll growhanedia eg ina
el i Ghice Airddidfdinbl G30bnthQft eTHD lﬁ%ﬁﬁl propafies&r th¥B&Nerowth media
i ncorporated into different ti'ssues or sites wthin

bhe raaybzeosngirieored Asl déscitbavbdbous &g thenngmentedenanofiber and/or
appl i cat.i t he nanofibrillar structures of the
inverﬁf‘ﬁ?%lffﬁ%ﬁ§t5'é°?uri0 used in high throughput
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ot B o oL BE St SRR R b
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per f or m &ptnathr applicghers dregrlirgrawth media of the invention may be used in

high throughput applications for analyzing drug/cell interactions. High throughput
applications ufilize 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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I n anot her application, the nanofibrillar structure

may be used in purification and/or separation

appl i cations. Individual nanofibrillar structures my
be layered to forma chromat ography colum. Physical
and/ or chem cal properties including size, charge,
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separated from _a solution according to their size. In
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i mpNanestcarth Optita PulseRadingdr Modgh DRE h(Optdren, feoy, Trerance, CA) was
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f abrwegatigtrdspuitl 68tora88o IR Rietd Phatd @fgeti§finhig n a flahé ur e
container. In an enbodi nent, the cel grovvtﬁ medi a

compeipsedicaiiarthe syriige. Mhntsracheias plaped dinchenBomdhoip Rf the
2gas nﬂcrfobﬁ)%&er.d G hREs \%];re %Ql?e%‘edso% VBHeRa %Qﬁéthare%QQ glaced 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 2 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
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mm, an average interfiber spacing of at |east about 2
mcrons, a matrix solidity of 20 about 30 percent or

|l ess, and a top and a bottomw th an outerwall wherein
the outerwall has a height of about 10 microns to
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properties of the lipo-containing nanofibers suggest the fibers may be useful in vivo
or ex vivo for applications including wound fepair, growth of artificial skin, veins,
30 arteries, tendons, ligaments, cartilage, heart valves, organ culture, treatment of

burns, and bone grafis
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nanofibrillar structure. Specific recognition notifs
such as peptides, lipirds, carbohydrates, am no acids,
nucl eoti des, nucleic acids, polynucleotides, or

pol ysaccharides including but not limted to growth
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targeting nol ecul eg‘gﬁ;@l‘qy@l embanedhe Netyvork hivee cel |

gromh nmedia ei ' i.cal | [yr.2S: rgﬁ nts to
pronote desired %Eﬁ[’ llﬁeg‘?&g%ﬁl@w?o (?%lésﬁﬂal?iﬂ N
gr owt h an@hesactilifefvesrpif b atll bas. beth etilidee ik @ abarkdraP éétbingifie which

of the,cell gr h.media may be engineered as . .

Gt cFALBEM o EOROPOT FlooF g esuminy it tssucs

nano{diiéran et 45 2807, WelHEL 234 RoRDPLN Wm@gﬁ&t}d@%j, 9002, Nature
y be uUsed I'n

the cell rowt h nmedia of the invention
hi gh&ehdédgbelliBiddp gt 3¢ lidil h nWhew grosmah ywo-dgnehsiogpaligdste culture,

i nteractions. Hi .L.hr oughput lications utili .
o ¢ PEoble S BawbleWhibl PR i o Bad Ry i b apin
abouhetwdBd6eat&d Wihinale Ghailesm lseERBSH Mo bRESYPONRMCR LIS fibers.
of cells per well would serve to 30 increase the

Haslreatrastgiuekiasts pbsgrved ibbuiercare spindleilikg inshape madiagtin

chantgriEEg St b IR, 2008 S b Sf, 2o
a susiztedf the well may function as a substrate for

the cell ‘%rovvth nmedi a .al | owm ng_a nanofijber network or
matrix t o"5&ORBHES theagtin peorl 9f nasmal rat Kidnew@RK hibroplasts

wel | grodhen W&—Hﬁﬂ%‘%ﬁdﬂgf‘aﬁfth%gﬁgﬁ?@Jnaggu?fgfr:&é ieF:?l%r?bfaQ@ were grown

wel |'s provides additional aces
15 gamdpolyandifionamefibymeetwivikaglsseaid gladsivoattd afithaolyipgnd. HEhe

abi | j t. er.formoptical. negsurenents. EXAMPLES 5 |
The H"R}’EH?‘T %%'Oﬁge"rs M TR e Bﬂﬁ‘ifﬁ‘ém%% SR _SYStem or a capillary
Ex armebdie sytéth.CBofey¥8mb ProdeseiibiahivaliyhBe w&ﬁbﬁﬁg%ggls. The

Many variations and_enbodi nents, however, can be
to tiav wisswokmil/mineparicontterThiargex disahes o mchest an emiiter

i nt [ om_t | nvent | in way. .10 .
e 22 R LT e Tk R b e o2 Rl omiteran rpm of
2@omati sing A Lipid Produces An Enhanced Popul ati on of
Thin Fibers To visualize the changes in fiber dianeter

associ at EGTHIOR of RelmyBRIFPEkS vas magtored iy dmpging thpigimbption of
:loggéreg S‘ﬂggﬁésc{fﬁgt AREREER-alh ChORE 2 Bfredsb @B he 8RR fibroblasts.
Briefly, NRK fibroblasts transfected with GFP-actin (gift from Dr. Sanford 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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15 obtain mcrofibers. Mcrofibers were el ectrospun
froma solution conprising 15% pol y(s-caprol act one)
(wWw in chloroformsupplenmented with (Dow Tone

Pol yners, Mdland, M) 0, 0.25, 0.5, 1.0 and 1-%
respectively of cholesterol (wWw (Sigm, St. Louis,

MO) . vidre nfordgieadwad ShV RIGhicREIMA b3 P@ndufcaPbttds@fiVers (Figure
needl e _system An Eppendorfmcropipiette tip (yellow

was fiPted to a 5ce syringe. The polyner 20 sol ution

was pour el ot 0 ' Ltd v I [ .
o et sl B0 G A G SR s i
MbdelmédRs fo @pitor tiiffmencesnin. the drgami2nion of GADsidietal networks in live
ipserted into the sol.utifon._ Th$e1 el ectr ospi n_ni]g‘g_ .

vl t &G et 2ob §rtin af vapiqus fbganaupulpiions Brbdinepbytieal

ont o peopdfRdRERE Bt @m@ﬂ@hau&iﬁg,gﬂ nctAintiHaNe, tb%krlgé@'g&g&

perpendicular to the syringe. The target was
i nchédhdsivaim pdvesityi gassicity.tgsomeBy,mind ifibpi (eistty rand Themical properties

T e

M cr Gecopdibrdul pr@bibs, Bidhaihwrprbteins Atdoptbieifd) MuREdhal groups,
F uo%‘ﬁ?sc_ence Mcr oscg‘ﬁ]e (Meridian Instruments, Ckenos,
) ffitepivg compoungdsdsaqhicgide sorapaunds.iand irssctingreolecules. Comparison

di gi ' i S in i
Fi gur g SHERAHSIYT iR o BB ofFe F MR g with i
sol utivenbsedaitipnsadisemsinkitindng ofpiysicplr mgfop sShérvielyproperties of the
smal | er gi amgvg%%s. I ncreasi ng the amount of )
chol B&REPE ne 60P’Br"tﬂ%geg’d?“’;iﬂ‘ﬁrth?slﬁl"u?ieaﬁ“meé%l_ceﬂ or tissue.
fibers with progressively smaller dianmeters. Fibers
ﬁroduced froma polymer solution conprising no

$hol esterol had a range of Bkampledrs from of 10-50

m crons. (Figyre 2A).. Fi S pro ed fro 4

pol ymer sol ut ;ig‘ho_rgg Ps&?@‘"ﬁ&fb"ﬂgﬁem we FB?‘%_(WW)

had a r ar@giciénallizapd ficB as AleeHB! 5 &Dya8, GRS carbbk Y Uh& sulphydryl
2B).  Fi bers produced froma polyner sol ution

conpPpeiong! gowpsymd ﬂ?b?tééqt"é’ﬂ@bﬁ(fmmnﬂ@o@w sk es cfrbene or nitrene
di ' 12811 | _ Fib
or odrBoh peapaa Sl SRRy o LB, Hdsc By e used o

26holcesslentdy} couplewjodedce moleanigeinofudiligpbitnet Bmiteds, f}.olgzﬁeptides
m'crorl_z. érFi U{e I?.HFi bers roduced from a_pol yner
sol GPfibEF 8#8} ALPIT T Sy gt pgpe Sackr s capphydratis dipyls;

di angtyRhcchiridbs Sor@hdFhsduflD druek. TG i
I\Iano%f’é i}ﬁec; S %o rri Si n%rua ﬁliu [ dF%%%%ﬁugﬁﬁ tt"a'altlz‘%j n%ted tnto 2
of @anofther by edbing tiedofdtioeal grivps aito HermlyoeapplusiongNanofibers

P P S b e B TR i B o

2hanehlobgoan sipldi@iniddiwille§DdWone 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

30 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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(NRK) fibroblasts were cultured on nanofibers

el ectrospun froma solution 15 conprising 10%

pol y(e-caprol actone) (ww in chloroform suppl enented

with 0.25% sphi ngonyelin in Dul becco Mddified Eagle's
Medium (DMVE) at 37C in 5% CO2 and visualized on a

|'i ghighfeh@IRBREcdnt O VhdBhscBich alofh Me REA MR GolleWThOEAbiion with
Fl uor escence M croscope (Meridian Instruments, Okenos,

M ) ) Tprepres BoiiocpaspedFigiee SBhages were captured with

a CCD ca . As_sh i Fi nd.B .
nanof i be :T?[“? 61 ﬁ%%e%oﬁ%age% g p%‘?‘#é%%/‘%@f% oq.iﬂﬁedrlﬂa&lg ﬁgers contain
r api tunedenal giowpsthaddre aeldilablednc:ouplng with bvabtivenholbanl¢smlowing
nanofi bers. Fi:gure 3A shows NRK fibrobl asts aft two .
day s fBrcuppizgd encgpporation o5 meleeties sicd as eEvEh & rédﬁfﬁflieﬂﬂaﬁon

nano fb% $i ﬁﬁfggy |¢Sil Qflﬁ)e #e) &Hﬁk'%ﬂ)@d&‘ tdifs, fikldBonal g \
fi brodg as’tg ar E‘%t?%ﬂt ySat tﬁgched 0 Ifdhe Ranofi bers T
and hdhesive poepalinds dicatiheside dorbpouils, land kegadmg cadedmddsie ergate a

the fibers, 25 form ng a nonal.ayer. FLgure 3 hows NRK

{1 br B3 ERLO PG Bayov Gt L e e GO Tegmotes ome or
cul t Hofe Rt a6@Ati&An Wicki oNARAE, ITRGREN L BlovAR Bid@bidifBrentiation.
sphi ngonyelin. Few cells are attached to the

nofbipdris alsTisaggests dad nanodibarsicompasias diffpment fncsionghgrmups in
propertd f.the |ipo-c i.ni ' .
P PRELR o) G OB B RO OELRL BUpA o
appl gvaiectidally defhdddiag ohpepide depaitized bawbh imdfoducing peptides
artificial skin, veins, 30 arteries, tendons,
| i gahAviiegthe appropriaigeacty8FQUbFal ves, organ cul ture,

treatment of buns, and boneE}g,‘{!ﬁéﬁss_ 41 Exanple 3 Cells

Grown on Nanot ber Networ k ha n Networks Siml ar
15 Cells within TiLabelinglkiae Fiticrs witht Quadéunf Daeiscel | has

been utiljized as a marker t.o determne.whic cel | .
cul ture Jocrss L0 prgagre éFs@ i Eﬁ%ﬁﬁewﬁ@ecg@ eflor phySiGat propartis
envi me%&mentﬁém itd hBRDUBE bididdy bt GBI RlluBt arrayd While still
Sci ence, :1708-1712; Wal pita and Hay, 2002, Nature

Rev . maiptaini@ethe abiBifoto idergifyl gch 1) of filkkewithinghmblend or cellular

t wo- di nensional,.ti ssue. cyl ture i pbr.obl.ast s su .
i orPSE R s B R B R R o fiBe 1% sotuton
28Ct i 0F quaginnQloks (piFcat B Suh bRl SimoREL vk AmlyasDellflar Biophysics,
organi zed into arrays of thick stress fibers. 10 In

co ntﬂ%pf:eﬂtpq [E)mﬁgpzé\s wogg;ﬂ;; e W afldeddq .éspob};ngr solution
cor 1B 1207 p R AR MICRRT kA BEABRIGRE T Bluij was then

Cel lelecBoglun,as d8sctiBdd thé Examp¥e 1qaoghaiigrh pdpmiaohiofi microfibers

networ k. of normal rat_Kkidne NR- i.br obl ast
contain?ng quanium dots. The gbcr¥ wgre ex@teg at 488 nm andslmages 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 aquecus 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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grown on two-di nensional and three-di nensiona
surfaces. Fibroblasts were grown 15 on pol yam de
nanofi ber network, glass, and glass coated with

pol yl ysi ne. The pol yani de nanofi bers were spun using
either a rotating emtter systemor a capillary

needl e sthemhov&pehiﬁeyﬁme esanyrlechnd dapositidaman adplanatiseof the
samne. fi us, materi a The flow.rate s 1.5 ml/min
o ol HoR ey ey b st e bl F
vol t &goRfl iiBnkdh. Phdifbetiby B dMuBdbdty iHefclARYherdRafe® bppended.
the rotating emtter an rpmof 20 35. Formation of
actin networks was nonitored by inmaging the

di stribution of green fluorescent protein (GFP)-actin
chi mera expressed by the NRK fibroblasts. Briefly,
NRK fi broblasts transfected with GFP-actin (gift from
Dr. Sanford Sinon, Laboratory of Cellular Bi ophysics,
Rockefel l er University, New York, NY) were 25 cultured
on pol yam de nanofi bers, glass, or glass coated with
poly 1-lysine in Dulbecco Mddified Eagle' s Medi um
(DVME) at 37C in 5% CO2 and than exam ned using an

I nsight Bilateral Scanning Confocal Fluorescence

M croscope (Meridian Instrunments, Ckenos, M). As
shown in Figures 4A-C, cells grown on the

t hree-di nensi onal growh 30 environnment of the

nanofi ber network organi ze cytoskel etal networks
simlar to those observed in vivo. Fibroblasts grown
on a nanofi ber network denonstrated a nore spindle

i ke norphology with filipodia and denonstrated 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
1-lysine coated gl ass surface 42 were nore spread and
showed t hi cker and nore pronounced stress fibers
(Figure 4C). These mi crographs al so denpnstrate that
confocal mcroscopy offers a rapid neans to nonitor

di fferences in the organi zati on of cytoskel etal
networks in live 5 cells or tissues as a function of
various fiber manipul ations including physical
properties of the fiber network including, but not
limted to, texture, rugosity, adhesivity, porosity,
el asticity, geonetry, and fibril density, and chem ca
properties of the fiber network including, but not
limted to, growh factors, differentiation factors,
fi brous proteins, adhesive proteins, glycoproteins,
functional groups, 10 adhesive conpounds, deadhesive
conmpounds, and targeting nol ecul es. Conparison -
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of cytoskeletal networks of cells or tissues cultured

on a nanofiber network with in vivo observations

all ows fine-tuning of physical and/or chem ca

properties of the nanofiber network to nore closely

mmc the in vivo environment of a cell or tissue. 15
Exanpl e 4 I ncorporation of Functional Goups into
Nanofipber.smveunct i onal groups such as al cohol,

al dehyde, am no, carboxy, and sul phydryl functiona

groups angl nplpifial sMALAE Lempritned dr0d@irofh OMASs proHffatRE and/or
carbene or nitrene may be incorporated onto t%e

surface cliffergnidntionef sellstinesle cyfiuse prmprigingena s aepre gagadibers and

Couat L SRS B O Ayl ot

or diff eremidrabimiibbact ors, carbohydrates, i pids,
pol ysacchari des, or therapeutic drugs. Functiona

gr oups be inc orated into anof j ber .addi n

t he 4uncti WQPO@TFQ[?E%“‘F%‘FS of Fﬂé%i% ‘Vﬁf‘é n ?’&%“iog‘ﬁ‘.‘ﬂar structure
Nanof i Delcgmp¥edst: 152 QiR WP ab g B0 o POV eters, an average
conprising 10% pol y(c-caprolactone) (wWw in 25

chl or of ornmedibopsramagtoddt Inast AbquUbEuniTme ambh setatity, of about 70
M dl and, MC) t2% dodecyl amne (wWw' (Sigm, St.

Loui s, MBFTSE Ude%ribed for Exanple 1. To denonstrate
the availability of nodifiable am nes at the surface

of tihe namehihaTsillal iaicnasef d1bed 3, wheeia thieaebabriMrisbucture
fluorescein isothigcyanate (Il mg/m stock solution in

wat er)  comgres aseligigpiabont0 pescent or 55 0di um

phosphate buffer, pH 8.5. Incorporation of 30 -

f1 ugr escepe el HiRiihPSrdchREbBYRS2, nild denbfiBgI A ructure
I nsight Bilateral Scanning Confocal Fl uorescence

M cr oscopempieasiaciobdity ostbounEhpessenOreless, M ). As

shown in Figure 5A, a |ow I evel of fluorescence was

observed.9on t he.surface. of nodi fi.ed . f.ibers t .S

T Ssul t 108 nopaaL AR e Se  LORRT  EGrR R G Tr shleture
adsor bedcompRses A&ofidiBesT abdu foRsReent br leggdt rast, on

nanofi bers containing incorporated am no groups, 43

significant fluorescence was observed along the.entire
fi bér follheRmadbridactiiushrapt daint 1. diceds defianofibrillar structure

i sot hi ocg@}ng%{isf%ls égbgdd{ﬁ()ﬁd%m STﬁErﬁen@laf Rsdenonstrates

that the aces of  the nanofibers contain
functional groups that are available for coupling wth ]
bi oZct i vEhemdmdibritlar shfulcom ofiplaith T, durthen sowpiizieg a substrate wherein

i ncorporatiopn o | ecul es such as. growth.factaor
i £ 1 o onte JERS P ARG FInSE e s JpoREd oG sBRref e
pr ot ei nsguhalreopr ot ei ns, functi onal groups, adhesive

conpounds, deadhesi ve conmpounds, and targeting
nol ecules to create a nano- and/ or m.cro-environnment

wi t Bi n t Ree mnedbrBarstieturpedclamat. viemin thesubsigatyis porous plastic

substrate.
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 structare of claim 10, wherein the nanofibrillar structure

comprises a fiber diameter of about 50 to 1000 nanometers, an average
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nore selected activities in a cell or tissue,

i ncluding growh and/or differentiation. 10 This data
al so suggests that nanofibers conprising different
functional groups in specific spatial and geonetric
arrangenents may be induced to self-assenble into a
geonet i Cikdriibe}@pdonarbrak lead BbuteRickdR oHek s¥RibyZ@dbout 70
fibers by int roduc:| ng peptides having the appropriate
reactive Bieasbset lesscanpl e 5 15 Label i ng Fi ne Fibers

with Quantum Dots In order to prepare fibers with

o Ff P2.ent TR SR 00 BRYRLATH, PAORE T S8onifhr sruoture
|ncorporate theminto nano S or specific

cel I ul ar cmupoges aduliday of abhdut Smatmézﬂlonleﬂg the ability

to identify each type of fiber within the blend or

cell arra i ed . cor orati.n fluoe ent

| abeld i nrtﬂ}b6 Itaﬁéﬁ%ﬁ"b%?‘e 05\0 795 4 ‘ﬁ]telrﬂﬂ ﬁl&fi&ﬁf;wﬁ’f‘s
dots (gifdonQhisé¥a soBay 6f sholi ﬁ@?ercér@@@fe@é ory of

Cel | ul ar Bi ophysi cs, Rockef el Uni ver si ty, New

Yor k was added to a polyner sol ution rrgrl si ng

12 ‘%1‘bo| yhe. I@agﬁmlwan@;re CRFIAn L b visron Sregrapbtmiiar sthucture
sol ut i on g&%otlﬁtfsttbgagm%&& Goftd, bed for

Exanpl e 1 producing a m crofi bers
cont ai ni ng quant um dots The fibers were excited at
488 Ifm arikheinamofdsillaf sttuvtnrd 6 daant Lmwlebodin thestanofibrillap structure

within the m.crofi ol | ected using an Insight
Bi | ot or altOHBHATT ARG GBI EPTERLOEER b e M croscope
(Meridian Instrunents, Genpbs, M) (Figure 6).

Fl UOITﬁeSCeIITﬁQxaﬂJﬁHiﬂlll@ﬂﬁﬂﬁhﬂ@bﬁclhﬁl oL &R tHe T 1RGY QAKS soluble.
environments. Addition of water to the mcrofibers

did not ?%%nch the fluorescence of the_quantum 30
dot s7- Jenefirilgr smsture plclamht. et thefdids water insoluble.

errbedded w thin the fiber matri x rather than absorbed

to tfge s qrhte%ﬁfofﬁﬁlﬂtapﬁmfcwgf)f cl&ith 1 §RAEt AN the film is a poleinyl

consideration for their use in ajueous Systens.
The abovelwhadilii cati on, exanpl es and data provide an
expl anation of the invention. However, nany

O A BRRRD oG RS s S s Pptomote
cl ai s herel n after appended. 45 WE CLAM 1. A

nana@bi br iThe asnofibrillat situetveoafuliis NQ whbreGthe HdRTEBlocpatible.
proliferation and/or differentiation of cells in cell

cul tZlf ¢ e Ran %lbnﬂaros?r%ct%{'e 0 crlg“un n%eretl)netrhsé s%lgsdtrate 1S 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 §,
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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a substrate, wherein the nanofibrillar structure is
defined by a network of one or nore nanofibers. 2.

The nanofibrillar structure of claim1l1l, wherein the
nanofibrillar structure conprises a fiber dianeter of
about 50 to 1000 nanoneters, an average -interfiber
spacig ﬁﬁﬁ&.QPRM}

abou’dtﬂ?moﬁgeeu}mc}%nt or ess?ggaa%gﬂﬁgno | g}e?sﬁugt?ietﬁéle%es the
st ruct ur egrofvthchaom 2, wherein the nanofibrillar
structure conprises a solidity of about 50 percent or

| ess,. 4. .The nanofibrillar structure of. ¢l aim .
whor i (T RO Tracaite of Halt ofa Rgnfie et iclcase s
solidity gfermabedby 3 BRI dTNso@tio GSJegradatidhér the film or fiber.

nanofibrillar structure of claim2, wherein the
nanofibrillar structure conprises a sqlidity of about

10 per centhegpnefghsidlar grucime opelaigt | brheren thersiyjepis @uypises one
clain12,(%QﬁﬁgFg%&QEmﬂ?ﬂ@%%Q{iIIar structure
[ a

conprises a so Ity o out 5 percent or less. 7.
The nanofibrillar structure of claiml, further
com@8i si rithcaaseftisillaasteiciire pE¢laim 2h evheetimel [kasp bnopidher
nor e nanofj.bers .i s.deposited, on .a syrface of.t
Cobet rar dutigEnibs RTRS Rifonaped, i iieing tigeay or
wher ei n th@sfomeE bRMAh fftOr ous plastic substrate. 9.
The nanofibrillar structure of claim?7, wherein the
substrate is non-cytotoxic. 10. The nanofibrillar

st r #8t ur dhemargfifridprstrughee of dapnd/, sdssan Bedilnor fibey yelqases the
11. The ;?I‘ﬁge(?&}tfﬂﬁbﬁ ka%{m_s?:t ructure of claim 10, wherein
i bri

t he nano ar structure conprises a fiber
di aneter of about 50 to 1000 nanoneters, an average
46 30t er flhbaencibatlenagruofuracs ¢laas9, alheredn tewheram theantd of

a solidity of . apout .7 rcent.or Jess. 12. The
P amof | br FHiFRe iCqereaien byghe peg teite bR of détiadiin of the film or
nanofi brigykar structure conprises a solidity of about

50 percent or |less. 13. The nanofibrillar structure of
claim 11, wherein the nanofibrillar structure

conpti sedhanawifipgilenstipetushefilaigol, péicedn thegranoldes comprises a
The nano%*gg*ﬁé)?{c&ﬁﬂ&t ure of claim1ll, wherein the

nanofi bri ure’ conprises a solidity of about
10 percent or |ess.
32. The 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 napofibrillar 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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15. The nanofibrillar structure of claim1l, wherein
the nanofibrillar structure conprises a solidity of
about 5 percent or less. 16. The nanofibrillar
structure of claim1l1l, wherein the filmis water
soluble. 17. The nanofibrillar structure of claim11,
wher éPn t Abe hinafibrifanséerd ofstdintd 1 ewherd®. thd hofiber further
nanofibrillar .structure 6 wherein the film
is a pol yVihyHses 8?%%%?”?’?‘1%““31@0 egles- nanof i bri | | ar
structure of claim1ll, wherein the filmis

bi odé@r ad@ht ganofi BﬂllarEhﬁctﬂ@Wcl&hB'Q' #hersihlad fetaé’croﬁe of the bmactwe
claim 11, wherein the filmis bioconpatibl e

nanof i br i Toigeules sadinid: éa@Phdeﬁi“ﬁmﬂfysawiﬂenéﬂ ranlnh’.)eacld nucleotlde
substrat enl.'xém@Q(ﬁd 'ifﬁﬁéleo%i qﬁ‘chngnt?_?o e lg Iﬂézz The

nanofibrillar str’ tureo r?f"thefllm
is porous. 23. The nanofibrillar structure of claim
11, %her el¥e vavefibiliarstrentere o6 njairh 96 5wlanein ey lipidise

growthf tors h oflbrlllar structure

clai m 23, v&?&f’%tihﬁt“gfl-ﬂ gﬂ%tp ?Pé‘agﬁayl?l}?@nﬁr%w&omf‘%{@t glicdesterol,
i s vascul @ammendatihgtéfal growm h factor, bone

nor phogeni ¢ factor p, epidernal growth factor,

endof helial growth factor, FI atel et-derived gr owt h
f act®r, r;Q{?rI&PO el irycEe of claink #9,06icesn thgrpolstsiccharide is

f , f h
factor, 49 et SR A TR Pt o AR "1 B

23, vvhereln the structure releases the growth

f actddr s. The namdirillangfichie bf dainss I, u.&iatﬁirﬁt}@fnaﬁdf_&ieﬁﬁﬂﬁer
wherei n the rate.of, release is.  deternined y the rate

of diss o|CBPJPBFF’S&bl‘b‘%?%&awwdotba&mgﬂ?ﬁeﬁ ﬁﬁt@hmﬁmb%frﬂ cell to the
27. The maisdyeprillar structure of claim1l, wherein

the structure conprises one or nore di fferenti ation

factors. 28. The nanofibrillar structure of claim?27,
wheféi n die panpdibril prstyptureed clajin ¥ le whateirathi amdithet further

i S neur o589 t factor

t ransf or rr%S ngﬁ égcllrg(t)u\}\‘»tg‘lgwlJ @é}iétazcoho]z@ﬁ fqﬁﬁ% m‘i’%&r‘iaﬂ?ﬂ’% sifphydryl, or
st r uct ur phabactivatabie Zihctivdd pjupst he filmor fiber

rel eases the differentiation factors. 30. The

nangfi briJ | ar cture of c aim?29, wherein the
V\he%f’el n Jlrh 3@ @”tr?%tpré’é%c &l 4devherpnbeiphnjoackiuatabie group is

of di ssotdibdredrafiredegr adati on of the filmor

46. A panofibrillar 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 f3,
epidermal growth factor, endothetial 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, whercin the nanofiber releases one or

more growth factors.
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fiber. 31. The nanofibrillar structure of claiml1,

wherei n the nanofi ber conprises a non-cytotoxic

pol ymer. 32. The nanofibrillar structure of claim 31,
wherein the polynmer is biodegradable. 33. The
nanofibrillar structure of claim 31, wherein the

pol yaer | shuahetibaiahiithhre &Aolalfm% %El‘éfri A kdté 8f release of the
structure of claim 31, wherein the polyner is water

i nsol ubl e gr@Bh fapkass isalstsninei by dhe wterafdegnadativn og digsetntion of the
31, wherein t ol is polyester. 36. The
nanoflbrlpﬁgwgmp%hc 5?5 "of claim 35, wherein the

pol yester is poly epsilon caprolactone,

pol y§ghycolTae @anofibrified syrhetnteadfelaith/l, whessime abndiibel tanprises one
structure of cI n131 m?ereln the polyner is
ponanidePrm8§ PS4 | ar structure of claim

37, wherein the polyan1de is a nylon. 48 39. The

nanoki bri irh@hardiibHAAt8ctife SH Rl DL whifdel Rildhsi 41 of the

nanofi ber further conprises one of nore bioactive

mol ecul esdiffegentigtion faciarsfis heurpirephin colony gumulsting fagion or

39, wher eg] N n f the bioactive nvolecules

is alipi 25?%@%%7W§}E'%ﬁolysaccharlde amno acid
nucleotide nucl ei ¢ acid, polynucleotide or hybrid

nol esl e Thensofibridd. sh‘ﬁ’&tf&emﬂ&lhﬁﬂuﬁﬂl Wwhatinghé tiadofiber refeases one or
cl ai m 40, wherein the lipidis

| ysophos phats differentationdactorhos phat i dyl chol ine,

sphi ngonyel in, cholesterol, or mxtures thereof. |,
42. 5’516 n@ﬁ@%dn@ﬁb il uﬁ&ﬁﬂé%tfuraﬁn% &hél%ﬁ‘tﬂ@raté%}er%h& of the
the pol ysaccharide is l'ul ose, starch, alginic

aci d, chidiffemnfiatom ﬂagtaﬂs U «bfrtanuneﬁ'})y thh eate ahddgrasiatipbn ar dissolution
structure erein the nanofiber further

conprlse31§£%P%PgE%ﬁ§FuB ound that pronptes

attachnent of a cell to the nanofiber. 44. The

nanog4.br i Alnahofitirille §ttictir©bf @hiad MeShpriMhes ahathtah@depth adapted for
nanofi ber_ further conprises one or nore al coho

al dehyde, Ingatipreintadeugrg condinghydryl , or
phot oacti vat abl e functional groups. 45. The

nanofs. bt i-pAfanSREMEL Wb of balDs Avn BRI Ridul'd depth of the

photoact i vatable group 1s e€or nitren
nanofibrillar structure is adapted for insertion into a Well in a culture plate.

56. The nanofibrillar structure of claim 54, wherein the culture confainer 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 shides,
coverslips, cups, flasks, tubes, bottles, perfusion chambers, fermentors, and

bioreactors.
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46. A nanofibrillar structure of claim1l, wherein the

nanofi ber conprises one or nore growh factors. 47.

The nanofibrillar structure of claim46, wherein at

| east one of the growh factors is vascular

endot helial growh factor, bone norphogenic factor O,

epi dsy. mal A ghailhAGhRure &ﬁﬂ%}iéﬁ% 4 A1y AECWa Hiddeckio€ molecule, the
pl atel et-derived growth factor,” neural growth factor,

f i br obl astirugisienirsesn cuvimgunént foravewth of diwingreells wreell culture,

transform gr.owt h r 8. .The nangfibrilla .
structure” ?qelg Iﬂg‘? ‘%nanﬂé’,%%\ia% éc'trné 'AE\’iretl?]%U%ﬁ%ﬁtbffq[yb%’re 0lrfj & Pg%elel’sﬁbnn’
one or  niEtrthogén) \Wirbmbag b @hS&madQiti 9l comdpounaihaf is pobily dhter
structure of claim48, wherein the rate of rel ease of
the gr ovtoHbiea OF Bues theeaobr i ned by the rate of
degradation or dissolution of the nanofibrillar

Strug, ur es nRbhod UISrRBRE R danb A6 B tHEL MR refairk 12 dhphising
wherein the nanofiber conprises one or nore

di f f er entdlextiosmnifiag a oetsvorlodf oriflve nmae odriotiibels! ar

structure of claimb50, wherein at | east one of the

St i ot 1A PR RO he i AEMEHIR G Purs R PRl 7 pomprisng

52. The reeabiginihg 8hetdofitet dbe@®r afor&haiofib&@ onihesiiabe of the
t he nanofi ber rel eases one or nore differentiation

factors. substraffqe nanofibrillar structure of claim 50,
wherein the rate of release of the differentiation

factgrs i5nfdaid ol RafhRYuridS: @ Ecipflfgr adation or

dissolution of the nanofibrillar structure. 54. A
nanofibrillar structure of claim1l conprising a width
and dept [} adapryetng bro or meremeiefibriliat gructred ¢finiaim 1 to form a

cont ai ner, .. The nanofjbrill structure of. claim

oo ahor s e RS e Rl o g B e gy erowth
st ruct ur efiisingdal iadell iltirgsertion into a well in a
culture plate. 56. The nanofibrillar structure of

claim54, wherein the_culture container is selected
from t he byr oufeRasitEEyiablrelis ontort essbly; @l t ur e
plates, multiwell culture plates, chanbered culture

slides, gyl tiQRRHRSKELGHD Wheertoh@Rons theHEhdld BSwih and/or

cups, flasks, _t'u_be§’, bottl eS, perfusion chanbers,
bi or eact differentidtion ef the d¢ersied 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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57. A tissue culture container conprising a
nanofibrillar structure of claiml1l. 58 A tissue

cul ture container or claim57, wherein the culture
container is selected fromthe group consisting of
single well culture plates, multiwell culture plates,
changser edA eadtliadrfor slindRcuringh tidsué banipesisg cul ture
slides, coverslips, cups Flasks, tubes, bottles,
perfu5|on chanb ntors and _bi oreactors.

50
59. A narfdf | br‘%ufql%% %? K pheeells Ap Pdiyifepl aawbyﬂlef stgyghpres of
a bi oact i f8mMOWEGHnact ﬁﬁwnﬁfai Hé&fo!ﬁ‘bﬁ l&%ﬁfn}?‘% {&tﬁﬁ% a specific
envi ronnent for growth of Tivin in ce
cul ture, celliignegi n t he nanoflbrlllar structure is
substantially free of collagen, fibrin, fibrinogen
t hronbi n phar.maceut i cal
wat er sc]ﬂ) ubl ggyenn %vx?rum & Q?ﬁfg a]fwc{“égnanﬂgﬁgﬁ 8)(‘8‘?“65 to form

produci ng rhi€-18wn ot foif cblgs agd ruct ure of claim 1,
conprising electrospinning a network of one or nore

nanof i ber 61.. A nmethod of producing the
nanof i br i | ar cE’[“PH%SttPﬁ' gt undengonditions ghahprogpgig proliferation and/or

el ect r ospiARLRGt8n B @g of one or nore nanofi bers
onto a surface &?ﬂ ﬁ& ostrate. 62. A nethod for

manuf acturing a tissue corrprl sing: a) layering two or.
mor é%nandibe brethoddanf ckim 681 whersindhe lyaiedndndfibriilar smetures are
multi-la ereag c?banofl brillar assenbly conprising an

envi ron of living cells in cell

culture; b) dep03|t|ng viable cells onto the assenbly;

and70) cUht tettiog of BRINA 68 Lk Yin WG c&BMpEHEQSmidAiber,
pronote growth and/ or dif.ferentiation of the

deposi t eBT¥RYPsOr L The met hod of claim 62, wherein
the layered nanofibrillar structures are separated by

a SP?CGYTh@ﬁathEB%fUEHI‘%’ erah caae@ Gckr Sfi?ésrh eécl?&ggﬂm.

spacer conprises m cr of | woven,
The net hod of cla|n163 mhereln the spacer conprises a
por 6uis f Themnedied of bleinmd,drah thel raicroffbtr covhprisek nelftiese, starch,

m crof i ber pol yam de,
poIyeste?ﬂwg?ggﬂ%&?%??é?PB@?%@PH?P@%@EM%7 The net hod
of claim62, wherein the individual nanofibrillar

st r'iict urBise 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
nanofibriilar structure are selected to promote the growth and/or

differentiation of the specific cell type.
75.  An electrospun fiber comprising a lipid.

76.  The electrospun fiber of claim 75, wherein the lipid is a lipophilic
compound, phospholipid compound, sphingolipid compound, or mixiures
thereof.
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conprise one or nore growm h factors, adhering
conpounds, and/or targeting conpounds. 51 68. A

nmet hod for manufacturing a tissue conprising: a)
culturing a plurality of cells on individua

nanofi brillar structures of claim21l wherein each

i ndi VA7dualThaaleeattospiin fibélof $lal Tb UWkRer&ig McAigigis2 specific
cell type; b) layering two or nore of the individual
nanof i bri Fsrsaleh%mha@éflag met phospliatdylghetive: sphingpewyclin, chglesterol,
of ceIIs;ogﬁg¢&%Sﬁ¥k£gring the array under conditions
that pronote proliferation and/or differentiation of
the cells. 69. The nethod of claim68, wherein the

| ayer/8d naho¢lpdrdaspunafibes of vlatnu 76 Surher comprisingt adn-bytotvxic
spacer. ?&ﬂy%gg nmet'hod of claim 69, wherein the spacer
conprises~a’nicrofi ber, unwoven, or net. 71. The

nmet hod of claim 69, wherein the spacer conprises a

por o8. fi The eldZrosphivefitebPEldind T8, Ghiidih #2 poWAes 8 Bloddpeadable.
m crofi ber conprises cellulose, starch, polyam de,

pol yester,, or, polytetrafl uyoroethylene. 73. The nethod
of ¢Fi m B el SR Aeh BT S1RE ¢4 URSTCTh iR GPISBIIT B4 Wiler sotublc.
structures conprise one or nore growth factors,

adhesi.ve T audsin MRANASIN P, viR .
targeting corrpou%glg. 74. The mét ho{?ﬁg%eglélzzp%?%‘g&ermmluble'

wherein the growh factors, adhesive conpounds,
deadbresi vER eEyadibenpiivlaim 1% mdeteimie polypou ingmlyester.

each i ndi vi dual nanofibrillar structure are sel ected

to pgp mtﬁeteF@Erg%g%gf%ﬁg gA 'k»ﬁ{el%%netﬁa iplg‘lé/!gs(r%gr Shob S siton

speci fic cel ectrospu

conpr i si ngpm@laciope)polyelycbite)ebemity@mtd). i ber of claim
75, wherein the lipid is a lipophilic conpound,

o A RO M A B TR i

claim76, wherein the lipidis _ _
| ys @3hos [ kicelydpin kibsreot s dhédl (OpbIvARide is a nylon.

sphi ngonyelin, chol esterol,

86.  The electrospun fiber of claim 75, further comprising 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.
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or mxtures thereof. 78. The el ectrospun fiber of
claim76, further conprising a non-cytotoxic polyner.
79. The el ectrospun fiber of claim 78, wherein the

pol ymer i s biodegradable. 80. The el ectrospun fiber
of claim78, wherein the polyner is water sol uble.

81. Phe elbetledsppm fibkrerf cbim 6D akherdf hettysd & n t he

pol ymer i ter, i.nsoj uble.. 82.. The el ectrospun fiber

of claim %é&&?ﬁ@?&ﬁi‘%ﬁ@%@ﬂ?ﬂwdv@wmmm@, chplgsterol,
el ect r osppimixnked thedeof! @i M 82, wherein the pol yester

is poly(epsilon caprolactone), poly(glycolate), or
poly(lactate). 84. The el ectrospun fiber of claim78,

wher é#-n t Ree glentspsin fikerod claamPevherds the Hobysetchatidospaliulose,

fiber of ' el n t:he.pol yam de is a nylon.

86. The e %@’@o@égﬁw er qglfd ’ @?@Faﬁ? %yafuﬁ??ai’?er

conprising nano sized inorganic fillers. 87. The

el ec?3.os plire déchrespuf fitedr aff obaifd 75, Wi thettiver firthef ¢ 185 a
di anmeter f.rom .about q& rimto about 1000 rim 88. The

el ect r os RINCEEHEPMpeuRy thahprgmotesaiiacment ofe qalije thenfiaera

di aneter of about 300 nm 89. The el ectrospun fiber -

of cd4ai MTHe.clshiesRinTitleP 6 E1biRETS, hihetPlhe FREPRABESc R ises one or
or nore bioactive nolecules. 90. The el ectrospun

fiber of mdrapi¢ciggle, elaeladi amiae, shiphydryb e pbbtoatievatable functional
bi oact i V%TO'JEgl ecules is a lipid, carbohydrate,

pol ysacclrarrde, am no acid, nucleotide, nucleic acid,

pol ynucl eoti de, or hybrid nol ecul es thereof. 53 91.

The %l ectThesjetirospith €ibendf thim 9%, GBerei1BE BhdtoddtiatlabRi foup is a
is lysophosphati.dyl choli ne, phosphati dyl chol i ne,
sphingonﬁ@'gg?néwgﬂﬁkterol, or m xtures thereof. 92.

The el ectrospun fiber of claim90, wherein the

pol ygacchag i | iQﬁﬁﬁ S , i

alginic ac?5 gﬁaédﬁlﬁ]tngg glﬁm or y7gf ﬂv?%rgh%nt@gg%&q%%{ebmes e or more
el ect r os pw@oth fagtars.of cl ai m 75, wherein the fiber

further conprises a biological conpound that pronotes

ttaeh 2 fiber., 94.. T | ect
9t g e e o Rl
one or #ivascubl érdytbieial gradah Gcior B8 Snorfitgehdecdhdtbr B, ¥pidermal

phot oacti vat abl e f.uncti gnal
growth factor, endothelial growth factor, platclet-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 COMIPIiSes One or moie

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 COIMPIiSes one or more

adhesion molecules.
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groups. 95. The el ectrospun fiber of claim94, wherein

t he photoactivatable group is a carbene or nitrene.

96. The el ectrospun fiber of claim75, wherein the

fiber conprises one or nore growh factors. 97. The

el ectrospun fiber of claim96, wherein at | east one of

t he dtdwt Fht gletgespun ifibervdtaith d00,evitodihat leadt ofé OB adhesion
factor, ban rphegeni ¢. factaor., (3, epidermal growth
factor, e E?Cﬁg ilsaﬁl%ﬁ? KT r adhesiop peptidgs derived from these
growt h f agiaefomoldt@uzal grow h factor, fibrobl ast

gromh factor, insulin growth factor, or transformng

growh factor, 98, The el ectrospun fiber of claim 75,
wher &M%t Ranethedel pradisingsthe clepirospyn flearef claim 75, comprising

di fferent LatdRBinhakt : el ectrospun fiber of
cl ai m 98, wherein é’taquz)ggl?gglr?l&g]featnﬁélpaﬁ'i”%é‘r enti ation
factors is neurotrophin, colony stinulating factor, or

t r an$@br mmecthpdai thoducagt aqrluraliQ@f ndirgibeleohippisiiRlectrospinning
fiber of cl zi\i m 75, wherein, the f&g ..conprises one or

more ad hed] 'ghorlrﬁ?ir@@ﬁingﬁplog@elﬁli, Veqoaosiiep thpt influences the
fiber of gdcRingok 2 polyred: Qindred the SaR4Y pgrﬁ]ﬁfﬁ)lﬁhgg Iprodumed by the

T
adhesion nolecules is fibronectin or
adhesi on peped bes agpediaardentage oftbmeibersarcompardud @ plurality of
102. A g} [ i ng.the el ectrospun fiber of . .
claim 75, a@%ﬂi%e?l %Lfe’ﬁg&ﬁgﬁt"gg? P%&ﬁlle]hsr?? N30 CRRing;the additive
nol ecul e cangrogitipml ynmer. 103. A net hod of producing a
plurality of nanofibers conprising electrospinning a

sol uti,on . conpri sj a palymer and additive conposition

t hat%f‘hf |Tf?8 ﬁgeé%odt ‘ﬂglaﬂaalg’ﬁi WRETRiR ﬂ%@r@ﬂﬁ&ﬁ;ﬁ@vew@r@@tw of about 5
the pl Ur%hﬁdrﬂet&%t@%&“@ﬁ]rrﬁ?% jiced by the method

have a greater percentage of thin fibers as conpared

to a gl urality of nanofibers produced froma pol yner
sol 4Pr-on Themetwdtafickim d 0¢.véheseial ittsithie fibeoripos atdimiter of about 50

104. The f ,claj 103, wherein the thin fibers
have a dflgagf?glikg%sg?abgﬂg%@@mwgtﬁﬁneters to about 1000

na.noms.ter s. 105. The nmethod of claim 104, wherein the
t hi h06.i b&hsmethod of cllina V64, etheftin BB @hihig BBers have a diameter of zbout 5

nanometers to about 50 nanometers.

107. The method of claim 103, wherein the additive composition comprises a
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.
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nanoneters to about 400 nanoneters. 106. The net hod of
claim 104, wherein the thing fibers have a dianeter of
about 5 nanoneters to about 50 nanoneters. 107. The
met hod of claim 103, wherein the additive conposition
conprises a |lipid. 108. The nethod of claim 107,

wher éih t Abemighad dfelarhdll Bstlefah theldd ishhorkBRM Of
produci ng nanofibers with altered elasticity

conphisin | ect rospj.nni ng. a sol ution conprising a )
pol y?nhef a%‘dc eg[rgr%"&%’irf'c(’f’eco _ _?P%.Ofﬁi@ff?bmewh@’?ﬁdhe matrix
of cl ai m d&fpriseh e FBeNditGePSihibbhive) @QW@ﬁz'}i]érb%g an average interfiber

conprises a . crosslinking reagent. 111. The
cl ai m 1095P3gAe s phletish abord dinirrpes suhpusirix sotiditpofabiose3)) percent

i pi d. The. method of . clai m.111, e h
i’ s SROPERAepoRiEL0 o s bl b e whereliine

conpr i si noutervratithak ¥ hoipht@Rb&ktISHicrod &5 ot | NEmAPINGI the top and
conprises, a fiber dianeter of about 50 to ,1000 s
m crons, 2oy spradsniydiye gesrea eprhouhy i’ tapbousdxi0’ mm’.

about 2 mcrons and a matrix solidity of about 30

per cEd  ARdItkBRoAMINES AhdIBY g a bottomwi th
an outerwal | vvhe?ei n the out%?\%ﬂmﬂggﬂa hei ght of

about 10 microns to about 100 nm and the top and
bot t!dm i i eplira Brelliapd Hepweedimotalaim bif3 valvmein (ke natght b6the

about 4x Accul ture tai ner, and the . )
medi a of %QW&%&%%%&%E&W f’%ﬂéa%é’? fmé‘ﬂ@t’?‘ﬂ@ tﬁ%@‘i“'ée“smns of
of cl ai mitdaulwieweiln the height of the outerwall and

the area of the'top and bottom are adapted to the

di ion the culture well. 116. A cell growth

me gﬁggc 0 ?fﬁggrﬁ‘g’ﬁhmﬁfgg FOFRIBRE # At pel ranofiters. The

medi a of claim 116 adapted for insertion into a

cul fuye qBRLAINAS claithi86 aMht&d £F Hsglgfoﬁ%ﬁﬁ 28 ithde R htainer.
ker. 119. e

conprising a fluorescent narker.

el ectroprocessed fiber of claim 118, further
conptt-si fg deatioprogessed foer crmprising etfluopscané smelarf i ber
of claim 119, wherein the lipid is

| ysgpfros @H?Elie&%é)%g% defl ?ibezlpttk%‘cl’%l%afr#}g wggé({l%s'g&q lipid.

sphi ngonyel I n, ol estero r

120.  The electroprocessed fiber of claim 119, wherein the lipid is
lysophosphatidylcholine, phosphatidylcholine, sphingomyelin, cholesterol,

or mixtures thereof.

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

photobleachabie.
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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121. The fiber of claim 118, wherein the fl uorescent

mar ker is non- phot obl eachabl e. 122. The fi ber of

claim 121, wherein the fluorescent nmarker is a
nanocrystal. 123. The fiber of claim 122, wherein the
nanocrystal is a quantumdot. 124. The fiber of claim
118, WRher dhanatedibbt efolamclan) whaeiketic fiforaschhyOnRRIOtSsitive 1o
125. The fib%r.of claim 118, wherein the fluorescent

mar ker i s PP PHOBNEh AR molepples. The fiber of claim
118, wherein the fluorescent marker is ion sensitive.
56 1278. Thke nanabélTclaah 19k adm, h Bodi "
fluorescent marker is seégFTivé%%gnmﬁgﬁéﬁggPé§?%$%?yeﬂMI
ot her ol €8s she apfluomgseenea nbihi bewofibtr.cl ai m 118,
further conprising an optical additive that reduces

t he of HRRCH -1 he napofiber.. 129.. A net hod

f or ?gdgént%&;ﬂ% ng apﬁ%ﬁ@}'{g{e}’ff&ng ’r‘i’ogfpﬁ‘émlgjﬂ@hfl% eiizgofiber with
nanof i bera fliarescent harkerr escent mar ker. 130. A net hod

for identifying a chem cal property or physica

propeit y nafi her, the method conprising: a)

assi g’ﬁ)r ngjggleﬁogg}?rel 3] Ym?r&l‘B%‘F“’P TPPRELYCH dpyeieal property of a
proper ty menofity,sh€ MleihoR cORBFitiNe-0f the nanofiber; and

b) | abeling the nanofiber wth the fluorescent marker.
131. The 5ret hod_ of claim 130, wherein the physical
property ¥ s dPEWERE 2 fluargsentThakerso Hechemick piopetB6y physical
wherein 1 cal y is a bioactive
nDIecule?ﬂﬁgsyggﬁgqﬁgﬁﬁ%g%% clai m 132, wherein the

bi oactive nolecule is a growh factor, a

di f f er enb) at i belingethonanodibes Wit floRi@ind maageradhesi on
protein, or mxtures thereof. 134. A nulti-|ayered

nangti bri r S | onpri.sing. two or nore

nangg }'br :I + 121? m%étofg%% F%‘g "g%eéli‘ e physieal peonsky isdipmeter. a

mul ti-layered assenbly. 135. The nulti-Ilayered

nand32.br The methad seofainy 1 5, Wil fem bbbty is » bigactive
co rkflng a spacer. having a thickness "an 2 Tiret

and €8fid surface wherein the first surface of the
spacer contacts a surface of a first nanofibrillar

St r st Urehedhnén u . the spacer. contacts

a surface of aaigﬁgﬂ %%%g%%%?ﬂﬁ%gFéQ“?dgﬁﬁﬁgeE&Bﬁo factor,
t hatt diffesntigtiontfactand fbewspdoteianaf ddbesibh protshdGliMARS thereof.
are separated by the thickness of the spacer. 57

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

structures of claim 1 layered to form a nmulti-layered asserobly.

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 seco.nd nanofibrillar structures are separated by the thickness of the spacer.
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