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Bl OM METI C SCAFFOLDS CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains priority

wo eooziopdiezl St at es Provi sional Patent Appli catiPOT/B8200A61253
No. 60/861, 780 filed on Novenber 30, 2006, 60/804, 350
filed on June 9, 2006 and 60/763,1 11, filed on
January 27, 2006, which is herein incoxporated by
reference inits entirety for all purposes. BACKGROUND
OF THE I NVENTI ON [0002] There is a need in the art for

Funciions in a SHpSAVEREEsaRO Bsced i1 t e

art for conpositions which can pronote the growth of

These anegorer ERERISCERY L3RS s bl BUERH ons
100017 s ZGRIRROR EfmE RUGAD, ‘8P B HE8 PR MR E R pAPichtion

ScrialNeP60/86 D’QS(HﬁfddrcﬁltNévdﬁ{Uw S0p2006160/89¢,360 dilet, orvngicd, B006 and

the fiber or fib the first fibrous pol yme .
6017630511 IR oar s o206 ASGh i Rteit Aep R b bsterence in it
enﬂm%@ﬁﬁeﬂﬁpdd%%eﬁlrSt fibrous polymer scaffold has a

'ength which is a nenber selected fromabout 0.01 cm

to about 20 cm about 0.05 cmto about 5 cm about 0.5

cmto about 5 RACKAIROIUND OF THRINVENTHON about 2 cm

to about 5 cm about 1 cmto about 3 cm about 2 cmto
[000%}boTlher¢ﬁs gnpedandhaint for Snpositions bt tarl &ptage of impneyt himlogical

exer RQ j B h
sanct{ES FRb RgBT AR Usp ot P PR AL ok OB aBuS IR can promote
the ghoiwtth eﬁ newnidsid oranplace daohgel nisauroinhesub@soe nPhase ynd other needs are

h h whi ch
adaref AN A8 Bvenlils GREREE AR oS & TP e onaul t and a

rod. In another exenplary enbodi nent, the conposition

has a rod shape di ment, said

first fibrous p&W%ﬁﬁ%&ﬁ fally aligned

;N di-1 ' I
oo A LEBERIE AU D B RSB b g s
polyrmdﬁfdﬁnWheiehetlfelfﬂRt of fivassf el ymefibooapdlghsr Iafwfoéd are aligned.

seam., |l n ano ere dmsn t he .
inan £ R PGS BOPIG L SAFFar 49 AL BB EPal ey Syt  Jeneth which
is a nexeep kakeytee fioadatmein 0,0 1tdae td ah’cﬁlt 20 icht, abisut@ddyerito about 5 cm,

nol Jj t hi cal

sbou G P aroRboly AL ot Gt S Gl 2B CRG P B 55 ebout L em
to abd e ém,reﬂiouf 2 bﬁﬂﬂé&ibb@ﬂ wmﬁ agiadbioot 8 cﬁmbosess @npdl ymeher

0 nIIV\hI hIS er elec fro alr71
exema{aﬁ) ﬁg?) %F%‘PPOSAT&)‘} 3SABH gv ]8 él member selected from a
sheetP@byrtivie Hﬂlcalcb@mn%dbMdy Gﬁ@h@dhcﬁ@io@ﬁ}ﬂaryﬂﬂhbddyrﬁbrﬁﬁthc
ronectin astin

comBpPoR e ﬁ;?h?ﬂ%h&% ISR TETLRT e egw’scon&art %ﬂﬁ%ﬁ? fiuit and 2

rod. Bhother exemplary embodiment, the composition has a rod shape. In another

exemplary embodiment, said first fibrous polymer scaffold is essentially aligned in a
direction which is a member selected from longitudinal and circumferential. In another
exemplary embodiment, the first fibrous polymer scaffold has a seam. Tn another exemplary
embodiment, the first fibrous polymer scaffold is seamless. In another exemplary
embodiment, the first fibrous polymer scaffold is monolithically formed. In another
exemplary embodiment, at least one of the fibers of the first fibrous polymer scaffold

comprises a polymer or subunit which is a member selected from an aliphatic polyester, a
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conbi nations thereof. In another exenplary enbodi nent,
the aliphatic polyester is a nenber selected from

wo awvjogierid (D- or L-), lactide, poly(lactic BCI/U$2007/061253
poly(l actide) glycolic acid, poly(glycolic acid),
pol y(gl ycolide), glycolide,
pol y(l acti de-co-giycolide), poly(lactic
aci d-co-glycolic acid) and conbinations thereof. In

h d t t | t f th
poi AP E v "E‘y?fr%gf?r?@ﬁw%%’égncﬁwfwﬁiém%émmmf}nag@s1ammm
fibrgrebyif,| Agstindeotmitd Fpea) hﬁﬁ)xoﬁf) La@ﬁ( lrcgtgcgéigéana epo?%pegnﬁes and

| ary gbodlnent t'he
comfiiiBes gy Baawlmﬁeﬁsemp@nhymbn@nmt dles; alfysHayip powbteﬁe a
menﬁ?ét dgcapd feaMRcAahdi@ s bier eﬂl; idd, %O?}’R%FF 1€ gggg%g&(ﬁlcy ide) glycolic

mhodi ment, the i nvention urt er-c

amda‘?ﬂ%i’wcc’@ﬁ@WDHWY(@MQUdeWPOMdﬁa poBl(laciige- wl’%%dﬁﬁ’e) poly(lactic
I rst rou

ac1dl’c\!otély£bhcoa[c;1d)sanag E}%‘f‘haﬁgﬁ{ G& ét heoé]?es} X rﬁgﬁg{oodw‘c at least

pol yner scaf n ano er ex

one giethp fibsrseofitbnfon fveiwpobundmoatfaldsbaiprised polddsktRie-co-glycolide)
(PL@A?genltor cell. In another exenplary enbodi nent, the
I's a menber selected froman adult vascul ar cel

S r ogeni t or vascul ar stemcell, adult
[000% ‘i# af:i‘othP cx%wéagpr & Sﬁ%‘?’ﬂtt £ pegzlalkylcmg:m@ 1§taemmb¢rlsclcctcd
ﬁomq:d)d;jretthylemﬁ atide quIypllﬂ}@}blEl@é oR8® Qﬁf‘b&rﬁﬁ1n§§(])1+s' th&%Hf o, %%)5161

fibrobl ast cell skin ce
exem&ﬁdrx "‘B}S"’é’ggﬁﬂ eé’é‘fqntlo’éﬁ&ﬁ CATPEISPH eedll. Injamotheotimenplary

embc&kmﬂml dtieycetinid eibBBIYd, Wftﬁllﬁ 61ni|¥ %Httﬂle%hrﬁalég LB ﬁ{e f?f]r%%rous polymer

smﬁfﬁdng ec uhe whi ch is coval ent at
BEPYHST ST mRitigPrabaditraty thetegllgann meﬁ“nhes Beléd:tbdi Gom a stem cell
and mbgéfﬁfor%éﬂf f0hsbthandes ﬁlagy E‘B‘bS&ﬁ{Jre%t t?? a%ﬁ?sba gm?%l{)%r selected from

. el t her cov | ent | or non-coval en
n adj negulagele vasquing E’fﬂgﬁﬁlt@)aeﬂa@@lchlat stermnad Iy hault muscle cell, muscle

ProgdIP 081 Hhusch EAWLH efd%ﬁ%d%ﬁfal Bofd r{e]%nearl eg(%gﬁ%%)rgge&lf ggura stem cell,

Sch and combi nati ons t hereo
chwapp Gei- r@ﬁ?bla‘étr?eﬂn@ﬂlé’fcﬂlﬂuecelh sk;m\mbgamﬂoy céll,taad RREh stem cell. In

theh & &hﬂhﬁ& gr is a nmenber sel ect ed
e om |-an1no poegﬁggﬂﬁﬁgﬁgnéﬂycoﬁf”“ﬁ&F?%81 oAU Ehich 1s

covalﬁ‘l% dtachgdhari bendicevalyi o mlsropglle B ¢iaker, tosaad Gk €T r&SYPIN AEYscaffold,
and sﬁﬁ@ﬂ&ib&ﬁ@& ggﬁle%? c%valﬁ%%é Pngﬂglg rﬁ‘PY %ngl%ft a%%ctfn%g rtrc]) a member

eparl n ran sulfate
selectgg (ﬁltoéffglll 9@3&:ﬁﬂgiad matrm)cmapor&ﬁﬁ até‘ilﬁilﬁ/ﬁffactok N @iPRESSBtion factor and
bﬁ’f&ﬁgﬂ acellular matri x
com rrpong{?%/m?s g r?e% ] e’xe Fa %’i} TSHE BeelGeulecs cpeajently
attachppl rrongl ilinker bad Bald ,hnkdnt is ameghbdt,seleblRliFARY 8 Namino poly(ethylene

glycoggﬁ%‘% e%ﬁgne?ég%&ge%i Qoa%{llhgg S &ﬁ%@%@é&oﬁ@? taxqef@pi-b@rembodlment,

the meletwetied nfendwr adecbd ﬁﬁnﬂidpehﬁSEepgf&%hﬁ‘fa{eaﬁ&&%an Hagke
rowmt

pmt"‘{?l%agb%ﬁf ‘.E"ve g?vﬁ ﬁ%& e gf?‘rafégb?xcmm@m qrrhdditeentgtiont h
extracﬁ:ﬁdianmaﬁp{ adrap@ientlBra Medbgr s%l’gctkdff?&h%nmﬁﬂ %ﬁg%,rnnkﬂ%nechn
elastugvﬂfoneca or beta, vascul ar endot hel i al

Yt GEIOFER RplYikiAe F%@@nblnkwrwhﬁmt}t ke agothat xemplary
embodiaehgrthagdwth factor is a member selected from acidic fibroblast growth factor,
basic fibroblast growth factor, nerve growth factor, brain-derived ncurotrophic factor,
insulin-like growth factor, platelet derived growth factor, transforming growth factor beta,

vascular endothelial growth factor, epidermal growth factor, keratinocyte growth factor and

combinations thereof. In another exemplary embodiment, the differentiation factor is a
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conbi nations thereof. In another exenplary enbodi nent,

the differentiation factor is anmenber selected from
wa@reoonmiozel | derived factor, sonic hedgehog, PONES2007/061253

nmor phogeni ¢ proteins, notch |igands, Wt and

conbi nations thereof. In another exenplary enbodi nment,

said first fibrous polyner scaffold has a conduit,

filled conduit or rod shape, and wherein said pol yner

ii seﬁn1g S. %00059 | n anot her exenpl ary enbodi nent,
merg | 8 Sg 8 ﬁtﬁ ?TOE“? q.r'or!’ng (ﬁ“djd:[l‘é’ edifasjorapmitiy h?@ehogzdioylﬁhi‘orphogeni c
prot&idk UtdtEN1i §THRS Wanlt BEd SoROMY & s thO-e8f rlgxt agltgklger%rg?grg% rggylf eppediment,

.dkn %gother exenpl ary enbodi ment, sai
sa1di{irst fabrepgpelymes peadiold bas & ¢andud, Glderticintduithaped singe; fhd wherein

saidPoBHHGaE syniasy. el ect rospi nni ng process conprising a
rotating mandrel with at |east one non conducting

gi exenpl ary enbodi ment, said pol ymer
1000Sg 8 g s BRI R B R oot tOeds Bypcitd b3 applying a
polysies gelutispicompriging ragodasercto ARbiaSinBGnAdrQt h G SRR Bl ary

et e S RER) 5oL s oot ol rflesiioboi e aund i

produoerblos ant Elentrepiptihg bfwéss(o@)np@isﬁ%"ﬂ)&ﬁétiﬂgqg%?zgél%iﬂp Efcast one non-

com££ﬁ§iﬁ;-a”%%%2 ﬂﬁghar ceutically accepta

excipl @™ DOHYT R RIZBNGS A srif mebtmcrtshatfold has a rod

shape enp dsprotioced 18, 4h €166k RpindinzQRdsist 8R0S S east, .

air Qne of the fibers of tEe first fibro g§%%F§%g¥ﬂérﬁm£heywnhan
E&af f ol d conprises pol y(lactide-cc>glycolide) (PLGA).

Ln anot her exenpl ary enbodi nent, the conposition has a
[0006L,  d RoQshenraterpiaTy Sderingers thannsemtidOpronide A phneideesitical
comySsaa @ eh T'a ; i Lon further c ri ses

a sIeevé*&hic ggurrgﬁﬁggg?ﬁg¥$¢%% FB°8 @ﬂﬁdﬁgﬁﬁ%muﬁcﬂbf
accepighiefegrigpientnIngnsithrsrexeehpt ampodintndithe osmpddieorsis @a¥E or a

d6RIRE | A, fi S, po Sscaffold, and said _
o T G Dol eaary Ot et e mohsesald compries
poly(lagitidereocaly erlidal (RIGA). nlncamotiee ex @xpRPY &hPo ARt M mposition has

' i t he rises a first sleeve which

et U5 AT i P T Rnpon oty satopfignent, the

mvendieaffiidhe comprizes esload: whizd\sarradihdsths G GG (}%@%%foold. In
007] In

first fibrous polynmer scaffold. |
anothgﬁ g%ﬁ%?lt& S%nél%) (ﬁg}ﬁg{, ?hﬁ\fi?ﬁvlg 63 FISSS qj.?gézoad EBFUS pobfmer scaffold,
and stidgsgtombfibrous nplymer llsdfa_fﬁ)l@ hilRGkd of tﬁésda fﬁghbﬂ%ﬁgn‘gﬁon. In another
ipg: (i) a in conposi ti on describe
exen%%?}é %%%?%ﬁrgzng,i ti‘l% 1112v1%n .19& | 3 cqrapn%e.gia.cﬁrgw?evgoyhlgh 3mmds a first
end o pheufintst fibweaks poeter GEATEH I8 hAi 8 seddalifsi &l e Whiél‘ﬁs&fo%ﬂgs S8 Bnd end
e sal

i A .1 n_anot her enpl ary enbodi nent, t
mnhﬁ%%E?%“wgpggwgﬁﬁgﬁﬁ§é1ected froma severed nerve, a

a ed nerve, a severed nuscle, a damaged nuscle, a
[ 00073e FDQUE BeRECy e deyentian aEnvadRsd kdiod of ésstilg amingity fin a subject,

SaTd ﬂsﬁhdéwa f@r?gﬁrt 1%511‘1%':'{(2 %?1% ﬂ%’uﬁirg;‘d ?%%%ggiﬂh(gé’sg@%e%%&{ﬁé? 8 éi’te of inderest for
said spg,%gtl, 1} fhprgaentped weier serditiaisdsifisicat womettishid ifijuty. €8 another
exemBlaRHsthbo@nent, the said injury is a member selected from a severed nerve, a
damaged nerve, a severed muscle, a damaged muscle, a severed blood vessel, a damaged
blood vessel, a skin wound and bruised skin. In another exemplary embodiment, the injury
involves a severed nerve, said first fibrous polymer scaffold has a conduit, filled conduit or
rod shape comprising a first end and a second end, and said severed nerve comprises a first

nerve stump and a second nerve stump, said applying comprises:(ii) attaching said first end
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rod shape conprising a first end and a second end, and

sai d severed nerve conprises a first nerve stunp and a
w@emonehiper ve stunp, said applying conprises :¥ECT/PS2007/061253

attaching said first endof said conposition to said

first nerve stunp; and (iii) attaching said second end

of said conposition to said second nerve stunp. [0008]

In another exenpl ary enbodi nent, the said injury

| ves. .a nerve, and sald appl yi ng conpri ses

of SA]Q Co%gphg‘% ?Oe%ﬁlggréft it Sflm‘l? Wa(ﬁﬁl atfgching seidwpasidtdndof said

con@3$00mbﬁﬂu&ﬁﬁﬁh&n@ﬁ@%ﬂﬁniald damaged nerve, wherein
sai d conposition has a sheet shape. In another

0008 e MAlaabthel BRNm r nvol ves a damage

[ %r ve, and sa g 1appl ]f(;nd;xﬁg%tlf}%{ré %ledsmb %WéYesﬁeciaé’&gé@l nerve, and

saidgap B]h‘}ng(qoiﬂ)pnsﬁ%@mqmi@rtshlecte? lﬁt[gﬂﬁl(h) W‘ﬁaplﬁlﬁ@h%%bﬁl @ﬁ%ﬂ %gscnbed
st _.fi brous r sca

herePYnd AP Be S kel S TR BiSn e o dhest gape. o another

a rod, con Ult or

eXGI@@JéWI@TqﬂI@ﬂﬁo thematry ntvhévels R\dRAtaigod n@tﬁz@%rﬁﬁs%uﬁﬁ}xgg QOmpnses a

h in a suhject, said
menflr SIRRRELDA: M8 il s opiboRisR kP ishatoassinord, wherein said

first fhigragis potyonex snafifold hak heoanfcoh&ﬁleéﬁﬁned Ebrﬁﬁﬁt%h%@ otheP
under conditions, sufficient to ance

t d
°X°"ﬁ%%l€’§%@o v&l%l{]‘ i YRR Providesn method v sahansing nquegrowth ina
subj¢ ot saidymethud umprisiul: Gk iplfibg '@lﬁéléo?ﬁﬁiasﬁhh{‘deséﬂlh% dﬁél Ligt %o anerve

a1 Jd-prous. pol yner scaf f ol as a sheet shape,
site df 1956“’5?1“ ishipiEl scbah opieynoupt. 28R HRgersanditieomposidieio bahunce
nerve grodvth uIn slothsr dxBRHERY ehib8@intdAg tﬁ@llrgufgr%y&yf?%cug skin or bruised

er as ect, t he i nventi on pr ov
skin énﬁafh & %TO KPALYGreD aeaTald has %ﬂkﬂeé@tape,vm@rwldﬂaMyldg tbmptises: (i)

attachm@ sOidS: YHBh t§ §ﬁﬁf ot
o od gig@orll ci ng C %596}3?1%555 HEE&I%%&% rﬂt]rlyo An another aspect,
Ib”&& 1 BOYI97E fendt %Oﬁe@wnﬁmgubk@ grbwﬂnmew adfedt,nwisabid said first

b 196ibs sdabf ndi ti.ons
i rogﬁ% I??I 1; Sﬁ ta t()?lé%rﬂ;é#ggb st @PQ sgﬁqﬁ%‘cﬁgg f%@flngﬁl)gﬁgmlﬁ% the
comp@ﬁlgﬁﬂdg?cw fhseimtma skin lsige Df]]nﬂ;ﬂrystllm‘ﬂmﬁ\S&Bje& SEMEEB6unt, and

undetbéd?ngﬂlo\hﬁss%ﬂ'me%b% hadat kfn g—ro s pol ymer scaffol d has’
a conduit or filled condult ape conprising a first

000#N end |d severed bl ood vesse
[ 92 oﬁ%l?a{ﬁgte}%rg %r&?lglt'y %nelts)osc? gé Y VOl ¥es e v oied égod vessel, said
first fgttrglpﬁpolmpxjscaﬁplqh%ga @orpttios E8led CohduitdHaps Bbxﬁﬁrlﬁﬁ% d first end and

r osition to said first ve
a seccﬁdd e%'ii; é?&pscii?% é%i%"ed t?l{)(g% ﬁf?’slﬁﬁll (;ggfmisgé% gﬁg Véﬁ%l g;zm;)@nd a second
Veqsebmpswud ﬁppl}/mgmmj)rfseﬁ Qﬁﬂaﬂé@ﬁfﬁ%kaﬁ{ ﬁ'hﬂgendf &F s s%EP oemon to
e.in vi.des a nethod o
said ?tg{;egste\il gttéls anng gl\l]é Iai%il gaﬂgfe@egd eg@pﬂs%p@:@gosmon to Sald second
VeSSCijprJ & amgnthén a)spétppﬂhy li@ntiBe pFRIRAS hi@Ba 48 §1‘fﬂa'61gﬁlgtblood vessel

esse site Of interest 1n said
growtﬂgﬂ grs]u e&U?latlé{ nﬁ%%‘f%@?ﬂs&% @ erpiyég ’@chﬁmpshbn tdescribed herein

to a vesstiasitc ef toest M%Sﬁledubﬂfcf)‘i\ﬁ Qn Eﬂg&gt], aﬁ@}lﬂ&bqtcggcﬁltlons glafﬁcmnt to

l.a nbodj nent, the injury involves a sever
enhnmegpgg %ﬁf #st flbrous pol yner scaffold has a

[0010f duit, filled conduit or rod shape conprising a
8 pnQiher gemmplary embodiment, the injury involves a severed muscle, said first

fibrous polymer scaffold has a conduit, filled conduit or rod shape comprising a first end and
a second end, and said severed muscle comprises a first muscle stump and a second muscle
stump, said applying comprises: (ii) attaching said first end of said composition to said first

muscle stump; and (iii) attaching said second end of said composition to said second muscle
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a second end, and said severed nuscle conprises a

first nmuscle stunp and a second nuscle stunp, said
wa@pprgdaige conprises: (ii) attaching said firstrentsmwhr/o61253

said conmposition to said first nuscle stunp; and (iii)

attachi ng said second end of said conposition to said

second nuscl estunp. Tn anot her exenpl ary enbodi nent,

the injury involves a damaged nuscle, and said

npri-ses nber selected from (ii)
Stu“afplln aﬁ"ﬂ%‘CF & n&@ﬁ%’o@? EReHe e NBEd HeNes i denmgad nesEld, and said
appl&mm@m’prﬂ‘ehss heembuhesiebad i A
arounﬁ g%\}i | n a ot her exenpl ar émgttﬂg CE&%Dﬁilgngescnbed herein
Vol 83”8‘* gedvhersm sid egrapasition hasp S}ueﬂtgshapﬂpm A@sher

exerﬁplﬁ@l‘@ﬁlﬁocﬁ@bﬁ@ E&Oinj(lﬁ‘? 'fﬁvoﬁ\l'évsu)%tedraglfagég gﬂ% ]%hgn saﬁ) gﬁ@%@g réompmses

q?o sai d dana%ed muscl e irs
a m% e};ﬁ%lFCtg% &ors(H) insertiag ﬁhﬁjcommdmrt lnt!T sefid Hhﬁdgdmﬁd#ﬂlé wherein

id sha ty (bR E B} A0 2
sai e %émg;boginlﬁgﬂr%ﬁgﬁﬂ% allroa conﬂ\{ﬁ AT ﬂgd g% 1 Eﬁmpg alnenother
aspegpihp iy ceBemPTOYidey a(toythap pf g/mlraagcmgenmlﬁ)gl‘sw&h G2 subject, said

meﬂﬁlﬁ%%ﬁi ﬁll aaﬁa'pg&lh% tife J&lr? 51"3{1 s%%?&:ht%tr%{ﬂ gos g n‘liur;clzas;tg of interest

su Ject in
in said gybjest.dpen tmognh and anmhelt@ngwummm t6BAAARE nAZPRGrowth. In
i ng the

anothd?€shdbY ;L9 tf&rilr%\{lg\gl }nnﬁwla q(%ﬁnaa]l% @po%oa@scnbed herein.

conposli t1on escC
In aneitss gkereplury sabatlimett) ceidensthed somgrisifg i) subkestd . ﬂﬁb@r or fibers to

oo ol R ARG 1P e, 35 B e doeb it ogher exemplaty
emb@hbl@nh wiaatein sdié eRictrosgihting bﬁbﬁﬁ%ﬁ@e@ 9 rOfalhE ﬁﬁndrel having an
mrg%p %1§§§0%329tqﬁ5§g mandrel having an air gap or
east one honrcd e Wi on. [0011] In the second
Wﬂlg ﬁf&% the invention provides a mandrel for an
l e SPrIHi 3B Spbaimtenton @W% gimgndrel for pg tlectrospinning
appaeheg wmp@dlhg/ L£PRM é'l‘é&t'n’@gll)‘; 9&{&1@ iny %‘Ieocho nd.glecd %céﬁ?ar]lgyconductmg

conductlngéreglon and a non- e cally cont
regiop andni elestdicAly patdneting repéors ¢>1‘tsttdlmg1tje11wlmen siecfistland the second

clecti®daB§tdoh&@dting rEGBH
o6 et ATy conaeEaopHeebE ndlne e o
Imepgpsdqudegutiguied de rarsive o fi’tbpmugolpmley frarthé ﬁrmtahen of a first fibrous

polyrh&' sﬂﬁﬁfd)l@n Iﬁ)an@rh&' & #Bﬁeg? egﬁ’)%dp ,dns%adoﬁgtgfa EF}CFE% Fp%ductmg

. anot her exeng ary e ment,
regiop mﬂgqx{eﬁ;@hl & rlacddsarqursd ’éle\rmndi’ﬂl cln aﬁotﬂéraé}s%%pﬁr? léﬁﬂ’)odlment

said ﬂﬁ%ﬁdgﬁgg{lﬁ cggHi' ﬁ%olleguct ; n i bge[‘r %ﬂe?tg gOﬁré’mgg,relectncal tape,

teflong and plastic. flmgmoﬂ@p exemaplent ﬂ,‘mb(allmbﬂtp 8aid tndhl dbitricdd, conducting
enbodi nent, said

reglolphﬁé%blﬁlec{sr{h@ﬁ?cg chrgdﬁlgﬁn% dl?,géﬁngwsr Jp apethen etemplape

non-el ectrica

embogdiggeng, @ﬁtﬂm ﬂgctrmmldj)r eﬂndlue’@mg)fhﬁlod i aalQr&18 ﬁooﬁﬁﬁr@&é}fdyng between
gregion 1s

L oL i

electrisaiy g@tdungngrmgﬂmreis ar lﬁlgmBaSseIelclfbld@P&h lﬁﬁﬂotﬁmhﬁf&/ In another
non ectrica y con uct i ng regl on 1s

e e B aORR it GAnaieamgiragon o h diasserbn s a

membex ssiplted froenthngdt BRO bmal3di tHar @i @1'6@(‘1:1{0511§ @J)xll&ﬁcﬁﬁg g@g‘f&ﬂ ng

region has a dianeter that is
[0012] In the third aspect, the invention provides a mandrel for an clectrospinning

apparatus, comprising: a first electrically conducting region and a second electrically
conducting region, wherein an air gap located between the first and the second electrically

conducting region forms a non-conducting region between the first and the second
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menber selected fromlarger and smaller than said

el ectrically conducting region. [0012] In the third
W@s@en90102 he i nvention provides a mandrel for BET/US2007/061253

el ectrospi nni ng apparatus, conprising: a first

el ectrically conducting region and a second

el ectrically conducting region, wherein an air gap

| ocat ed between the first and the second electrically

onduct i region forms a non-conducting region

clec Ay éﬂ‘_"ﬂﬁ:&“%??%?"-a TofReT SEEBAEET eBbpdigent. jhe invention further
compasidgcs firg nbegledticall c@ﬂ&llo'ﬁ;ﬁg 5%@@2'11?&%’1% ?5@9@1&&?&& at least part

t i nvention further canprisSing:
°f"hﬁ§ﬁ §te$%9gf1?%1ﬁ¥a?qﬂ§u@mﬁdm1?wn§|aéémd/mrpﬁe¢tsicspibs¢¢ﬂdmémg sleeve
whidhvie positioh@B&¥er RBIchstParttdFend bdcshd @fe@ﬁ‘foﬁp_\? @%é%{lggpg yortion. In

onducting portion, ‘and a second non-elec
ano’fﬁifrf‘d&%ml% egybadipeenitthe mandrep v4iht 4 wrmecominetingtegi®@ais tin combination
withRAldle®osbing; ' I nducting pertion. .In .

T B S B P (P B et Wit am i
£4p ¥ah cemhmasen mgthraagileptrospinhimgoaysteimat i on wi th an

el ectrospi nning system |n another exenplary

enbodi nent, the mandrel with an air gap is in

conbi nat i on FRIEF HESCRER TGN OF (THE DRASVINGH EF

SESCRI PTI ON OF THE DRAWNGS [0013] FIG 1 refers to a
[0013]. |, Ed6r  L-redsrs top sehiemetic o€ phegiesipspipparsdppsratist With mandrel 56A..

mandrel 56A. [0014] FIG 2 refers to a perspective
[0014} o165k 2 febere bt perspitinaivieg apthareiictssyinhing ABPLAERs with mandrel
56A56A. [0015] FIG 2A refers to a portion of the

el ectrospi nni ng apparatus with mandrel 56A form ng

ol r scaffold 90..[0016] FIG 2B refers to a
mm%‘or 16 24 s t%FEBFP%é’S%‘h%F‘ﬁ&f%@ﬁ&%& yp et withmeamdrel 56A
formbgfpdlymen sogffpal 9orer scaffold 90. [0017] FIG 3
illustrates various nandrel designs used for _

[0016]abFLGatiBg ik by HpsriRaloy MRy elé&ﬂfsfé%b%g ell;{?g\?an{%’}% ; %ép?? 56A

in which the entire surface is ¢ ma e

formmg pofymper seaffpldd0. conduct i ng regi on 57A, a second
conducting region 57B, a non-conducting region 55, a
[0017%]; ( EIG; drilnstenées BBiAus amaddz] deigmised f@r faBgethpBibrés polymer

frOHOSBA PG I A_in which nop-caonductin .
o e o Se TSPl MRERFE R il ohithe oS At soa wich o
first qopgieiing region Yo s seemdtdooduafngregiones7B5 6 Aoh oWl &g region 55, a

frsti cLl regi on_55A 4., | eeve which covers a. i
st 1g%ﬁaieg ggl%f 51% ese§§1? glct:eeé% gtsﬁé ?ggﬂaa%iqcﬁﬁn Bgmap@rﬁzl gqf} in which
non-comiugtmgdrgion $6Bntaidohnects thestvoeondueineigad @i OfloRLAD) 8ross

: clLi eqgion 57B, a fir conducting.

WL s TR TR

portiontad tho Adtiseiod the @gidoctingaftice BAf @) eshndyel FBBALfih 93RstWnducting
r

. 8 | 4A. i s an i.l |l ragion of a conduit polyne
reglorg _gg‘%f % F{fog‘% ﬁ%%%u gn%feal%lhg?]_%xﬁj 11;.%@1}/1115]&1;1% FReden face 57C, a second
conduvtiog o¢ giam fifck 156 DS . THel GnddBionSregidnk htehshadteddy Lf aifo /P58,

pol yner scaffold
[0018] FIG. 4A is an illustration of a conduit polymer scaffold composed of

longitudinally aligned micro/nanofibers. FIG. 4B is an illustration of a rod polymer scaffold
composed of longitudinally aligned micro/nanofibers. Note: fiber dimensions not drawn to

Scalc.

[0019] FIG. 5A is an illustration showing a cross section of the conduit in FIG. 4A. FIG.

SB is an illustration showing a cross section of the rod in FIG. 4B.
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conposed of |ongitudinally aligned m cro/ nanofi bers.

Note: fiber dinensions not drawn to scale. [0019] FIG
WG200789@mM i | | ustrati on showi ng a cross secti onP@Of/US1087/061253

conduit in FIG 4A. FIG 5B is an illustration show ng

a cross section of the rod in FIG 4B.[0020] FTG 6

refers to a schematic of the el ectrospi nning appar at us

with mandrel 56B. [0021] FIG 7 refers to a

rs ti.ve.view of the el ectrospinning apparatus wth

[ooi}ﬁn dﬁe éé%fers[ *6(5’292{‘%#@ offthe eleckpspinming apparetue witfmbmdrel 56B.
00534 €€ glnnlng apparatus wth mandrel 56B form ng
[ %CLI y#:lt(? dSRrPd IpsPepiic2EEwRILthe Eeitsospinning yslaraatd @th mandrel
56Bof a longitudinally aligned polynmer scaffold sheet 96.

[0024] FIG 9 is a schematic di agram showi ng the
a fihbrous pol yner conduit

[
[00229 I’Tﬁ? d?AOr % or&?I? gﬁhg%l SFHOGHEBNE SPYHERS ST mandrel 56B

scaf f
ﬁﬁﬂsh@eDBMkmmaﬁﬁﬂﬂengltud|naIIy al i gned pol ymer scaffold
sheet 96 is rolled around a rod 97 and | ater sutured

[0026] adlier 8k arf WRRARtiohldBa 18 Qoiblidillyi I fi
'criss-cross' sheet 1026l \/\ﬁ%lchlcor}r’lpr}iggg% a |gne§a éfds gt 96.

[ 0029!3 GF'IG!} 1908 a { DRRGHic Fi agran‘} ghcfvﬁ]ilg e %‘i’hr%%‘?r%?%g?tr ge%m(gr@ fibrous

JOULtiple spinneret el &ctrospinring a
po yﬂ]&ﬁ 8?%1‘111‘596’8&0%‘@% 8 sgare frosofntligrd pd8ma8batisid sBEB., Here a

longBAdhaia délﬁ:dﬁ@l%ﬁ&r solrSIhY &Sl 0 roqle%%léoux%éﬁ{ gr?g, agidater sutured

ont ai ne hi'n syringe assenbl
Ormﬁﬁgﬁectlvely. The syringe assenblies are part of a
ri nge punp assenbly 32 in which a conputer 34
[ 0025 ntFﬂ% sl&is@n ithusiration whi Cdfnstslmg@obnegemz;@h}éhlcgﬁqp%ég Stigned

heels¥8 3¥Mggge by controlling pressure or flowrate
shee t|on§1py, dlfferent flow rates can be prOV|ded and

on ted spinnerets. The flow rate wl|
1002607 KAE- 3t g SihoHas Bes pruaplphyisnet clobirospinning apparatus

110 wehia neatied S6Bi CIEhe@fol}Inli& sBRIMEERS 53"‘83-{ L0l §sp Cdl)r?tal’n the polymer

m&mﬁgﬁﬁ ane t hi ckness,. fiber dianmeter, pore
P-Av8Iv§Bh&rg spntaingd withinspyings esssyxbhng% [Bérpand 36B,
respeaﬁsﬁ MWe 32rih Serhby ets

oA Znﬁﬂ%‘é‘*t%at RoRRL YITEDe 2 Qyntd sy} s SRUDY 'Phicn o
comp rﬁﬁé:pélfrg Sﬁg@@t@attwl@lc@ élmmlmemmﬂmradmts\me $sainge@ty controlling

presstuf STl AR Pat@NO plib NP QfetAld: A %‘ts—%s C%Htlael??(gxgéé :vu:{] g)ntroﬁed to

arge in the rangé of a out 1 o abo

belectgg ﬁpﬁngare@bo le?eﬂ%‘ﬁ irﬁ,ﬁ sk chaiye depbindjhg vo ltﬁe&%wﬁ@)ﬂﬂi&cal
charaStéﬁEde H8hé BEQHRN o?d 4,]5: 4@%%%; th'?‘:flﬁn%gsg ﬁg?r gmgmy@ragwﬂfe size,

( as nentione
mcmlg:gljlc iignsfcy, cte.
[0027] The syringe pump assembly 32 feeds the polymer solutions to spinnerets 42, 42A
and 42B that sit on a platform 44. The spinnerets have a tip geometry which allows for jet
formation and transportation, without interference. A charge in the range of about 10 to
about 30 k'V is applied to the spinnerets by a high voltage power supply 48 through wire
41A.

[0028] A mandrel 56B (which, as mentioned in FIG. 3B, includes 57A, 57B and 58) is
positioned below the spinnerets 42, 42A and 42B such that an electric field is created
between the charged spinneret and the mandrel 56A. The electric field causes a jet of the

polymer solution to be ejected from the spinnerets and spray towards the mandrel 56B,
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positi oned bel ow the spinnerets 42, 42A and 42B such

that an electric field is created between the charged
wapionngrier and the mandrel 56A. The el ectric fPer/tisS2007/061253

causes a jet of the polymer solution to be ejected

fromthe spinnerets and spray towards the mandrel

56B, form ng m cron or nanoneter dianeter filanments or

fibers 46, 46A and 46B. The drill chucks are grounded

in round wires 41B and 41C. [0Q029] The mandrel 56B
f"m@g é’?%‘g’é‘h%a’a?‘a}“ste? fliameteg filamentp ot kbea 466 eh@d6Bo The drill

chudksnre groandéd Mondeduhd ¢iR9U1 BN dargecond drill chuck

54A (attached to a non-conducting bearing 60A) which
00293 COHYREAAE] 4 : i [ sl iinked to .
[ a$s eed contr 0(93 %(%rg?a é\lﬁ%irdctﬁ%c%r%?(?% S L?Cg(essf(gt%"hgfi ADER-conducting
bearing6hgnga %Eﬁﬂ%fﬂh@iu@‘h Pt Ae(attbEd tQatnioﬁ%hﬂlyctinl@ b‘eﬁﬁﬁg BbA) which
is conRbA IOV .. The inrate w change
e ot X TR ESE B4 araraupL 294 o agh controls
the rpigent pdlighie aaaf fpohsthe imandrel BEBD rcamemtan'y,caaﬂ@l?%% s 61]1 BREs can be

etc.

i ro. e Si nbr ane depsity, .
prov%e%ﬁqtf% Sggﬁ%envggiegl%gg%g%qe A&y tﬁf dg%{pddqhiyélﬁéloch@@cteristics of the
polymer gcafﬁ]hd}fiiebanembl(aﬁ.‘é thli¢knidsd, Fidet RMBRIVHIE sTEEAEGBlane density, etc
modi fication of PLLA nanofibers wth heparin and T
[003AbndIGal ENSERE napbasnt i b &S
11 t[;LtL SA .t echni ug&@ S %%%%Fg)owle@% P%WEQA:‘%‘%{%“& ©
s PR E N ADE SRR Do Hiaro e A oo PR g e
noncang eepRchm edtWTGFGINEIJ 12&6hiRL Léﬁnﬁaﬂﬁfd'ﬂ%gé tgc@n%ng)d was used to

| y(,acrylic acid) coated polystyrene surtaces
ShO“J[O f@ﬁ%ﬁ%fﬂﬁv {S‘\Vf’li ot _REE?F i %Clgﬁffgﬁ@lywyeﬁtedndiE)%MWdﬁbd and
hepatin @ dgidaali Rl o ﬁﬁ%ﬁﬂcwoirﬂdtﬁg)pﬁéggﬂg oS é@alégcggcﬂgﬁmnc

fneud']ﬁgfi | aments was used to vis e‘neuri
SULIaEeSHiYDRG ti ssue on untreated, LAM and LAM+bFGF

unal igned nanofibcrs after 6 days of ex vivo culture.
[003H¢ 5 FEGH B Newo extomsi¢r0082] DRIGisshé oheudslidrRed exhemsdron
Immidd® o i igned nanofibers. . . .

I e B n e A RSBV Rt s iswaitenongize eapion from

mrunof | uoresce
DRGttisswe enanireascd duyVitaed XS EORF YnaGshdaREnb ESSYE R8s days of ex
6

vive R b 8Tl Cure.  Nenof i bers were al i gned i n
Scale bar = 200 nm [0033]

he rtical direction [
(00323 CF Y@s&ﬁ%ﬁ’ﬁ%@’ﬁﬁsﬁ‘?}’aﬁr%@%@ﬁwﬁm Ailgredseopfbarmmges
Immubfloetasédre stiiiphof fg¥oRRndnal4Nedy @dqgife?%izg%%gﬁte extension from

prG FAMEbEGE PLL@CE nofibers. Aligned nanofibers were in
varts TarrigRaree f0% ang bdMtoEGEaligsed-nanafibenss@er bylapd of ex vivo

culturst @Manoabbis WRE eligHaldtin Rty @Al Let S, —
mi cr o/ nanof ber renbranes for 1. 3, ‘gérbagé_%%ysz.oodé]lﬂrs

[0033pN EX@ i 9nesh FH.64:9, ' w aradual mgration
over tine ,a%tlj r %ﬁldgm a ‘lgdél ?%Zflﬁ Qr%éﬁ%g oRES ‘5? dgjte morphology
on ungliened and alieneh AM+bFGF PLLA nanofibers. Aligned nanofibers were in

vertical direction.

[0034] FIG. 16 Human mesenchymal stem cells were cultured as pellets on PLLA
micro/nanofiber membranes for 1, 3, or 6 days. Cells on unaligned micro/nanofibers show
gradual migration over time and random alignment. Cells on aligned micro/nanofibers
display enhanced migration in the direction of the fibers at 3 and 6 days as well as overall

alignment with the fiber direction. Scale bars are 200 pm.
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di spl ay enhanced migration in the direction of the

fibers at 3 and 6 days as well as overall alignnent
waowdon/oedie2 fi ber direction. Scale bars are 200 raT/pSB85)61253

FTG 17 Wund heal i ng nodel on m cro/ nanof ber

scaffolds with various cell types. MSCs: nesenchynal

stemcells after 2 days. FFs: foreskin fibroblasts

after 5 days. ECs: endothelial cells after 1 day. On

al . cro/ nanof ber scaffolds, wound coverage
[00#2 n gt‘ > ?ZSZV m% Wgéekmn@y qa@ofﬁ@@p@ﬁﬂdd( #(th various cell

typesam@é ma8Bethyal SRR IRLD $1a G ErfY: !f(qgﬁgn ?%Po%lﬂs?s daﬁe 5 days.
pcghound %Egﬂgﬁm s (A-Para), cell mgration 3

hg%t l'Il‘i}l aftey 1 dex pﬂnﬁf@&lﬁﬂﬁb@l@m@amﬁﬂmi Scaﬁkédsag@und coverage

§ Erof @atigsl (VR RAR e
ramg?er r(J)endl cul ag tg'fbvé\lol??]%%ong %{)E??é[g%@g? }é’%ﬁ“nllgm/ nanofibers are
aligiqd el énvoyna ionergis (Br-Paredi el (pigedtioni 1d1lon3101&fdld% REGHBI impaired.
Cell R Si m I oskcl ct al

b o o) LR R bt R Bt P shwr

perpgadipyler fowoindlopgamsn carotid artery and B) al i gned

nanof ber pol yner sheet seeded with human snooth nuscl e
[0036¢| IFHG. [ HOBHJ})ré%béﬁt ste9nifie st dctia lﬁdllo%dln);%lt EpﬁdclPelrl l%&%gmlum iodide)

em cel I's

dom3het eﬁg ST ?ar al Oe?gglaﬁ o tb%B?C%%h%@MaamsslcwaH@mmauon of

see

nativggr: szzvoB)onAnbmj b:uioa& aftbiyUBIdUE Enlighe§ heRI s Bbﬂg{x@r ki g sée!?l%d with
humgn et iroun e rod. C) The rod is renove
Ut Ures AP ¥ USed: mai ntain the shape of the graft.

[003%]9033}%6;& 20 Ver hoef Ps St ai ni ng of the
Fortrustioy ﬁg’@ﬁcﬂoﬁbr@saﬁ?@ eHenrtalded vaseylar graft. A) Stem
cells@ed brgedohtosh)al @Rl &lc@? f ﬁo&%rgcﬂ% ﬂén%‘fﬁacps %83& \%ﬂ&’é‘% shructure is

|gn|f|cantly I mpr oved rom
createg Yﬂ’?‘é’é‘ﬁéheeﬁ’@ieh@éld%th@agd uCalhgred {s rhasvet sangitures are used

main®d it Abhbé 88tHQride native rat artery. [0039] FIG 21
| mmunohi st ochem cal st a| ning (brown) of the

ro endot hel i al _cel |, marker
[003fﬂn \ig(s;i u a‘ir/%gl?%?% Stalfl %ngr IQEERSPrbirahphyasewar &E)aftﬁzﬁ%d rat artery.

Colla@;—:n érog) aB) clvaacﬂﬂaﬂ{) @lbatf prod@fdtiin i3 si\gﬁﬁ%%nﬂ% Qgﬁl%cc’f FSm 1 to 3
fachemca st |n| r.own
ek B B i el P B bR S Erenmsipweriis to the native

rat anfeggcul ar grafts after 3 vveek i npl antation. A) Rat
artery. B) Vascular graft after 3 weeks. [0041] FIG

(003993 When ZHMﬁbth&%%t(ﬁihénﬁa@‘é\ﬂanﬁﬁg % d oPlss- secrtlona for CD31

te surfaces, the otubes ormin a
(an ewgq%%}a ?/(51 b’é‘l wspwangratiy 2%%13 -visck ippedtioanas) Rlaealsery. B)

Vascolar gia€tr Fpattwsared surfaces, the nyotubes formin an
al i gned manner. [0042] FIG 24 I\/yobl ast alignnment and

[00407Y OF LB E 28388 TR WisRIt nati &l Etgﬂl%gg F rown) of cross-sections for o-actin
(smooth muscle marker) in vascular grafts after 3 week-implantation. A) Rat artery. B)

Vascular graft after 3 weeks.

[0041] FIG. 23 When myoblasts are grown on nonaligned or non-patterned surfaces, the
myotubes form in a random manner. When myoblasts are grown on aligned nanofibers or

micropatterned surfaces, the myotubes form in an aligned manner.

[0042] FIG. 24 Myoblast alignment and myotube assembly on an aligned PLLA
nanofibrous scaffold. SEM images show the structure of (A) randomly-oriented and (B)

aligned nanofibrous scaffolds, followed by F-actin immunofluorescent staining of myoblasts
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nanofi brous scaffold. SEM i mages show the structure of

(A) random y-oriented and (B) aligned nanofi brous
waeafogilos, foll owed by F-actin i mmunof | uor esceeit/US2007/061253

stai ning of nyoblastson (C) randomy-oriented and (D)

al i gned nanof brous scaffolds after 3 days in

differentiation nedia. |mtuiofl|luorescence staining of

skel etal MHC was perforned to show nyotubes on random

nd .al j gne - nanofbr ous scaffolds at 3
anf(g %%“Q%E‘?Y'EP e'&tr‘?g a‘?%ég §]‘%d nanofibreys peedialds after Batays in
i mmtgexd» inmgaslrﬁfn 186# cﬁteéﬂ iy O N , ‘
ho rqzl% ori e g anc enaI i 2l ipusgglte?‘atl\éﬂgbé’f'atseprerf?rmed to
5 ‘?ﬁ s%§ \ﬂnﬁan 4@)3%@ aé}an@%%%rﬁ) e fibemvgtshaffdlds at 3 days (E, F)
and md@?&l@iﬁi-l) %dﬁ\tﬁaglnmﬂaﬁéﬁ Ehetlbd S5 QQ nge %/Ihlag%?lg%oél (0

C@r w heads in E and i ndicate
ran @lwlegemngﬁa ailggeqﬁsp}b@qratg) aft¢re7s@{st%hwmg thE (@;&Aﬁ] alignment and
lengt @mg&u@éarl&ﬂrgwg ?ﬁdﬂeﬂle 91rec!@6gtolfplgnc9fr am é,? 1&(3%& inE and F

nmor phol o on al i gned nanofi brous su 3
mdl%eﬁ‘gﬁ“éc Bt %‘yﬁfﬂ@thmedraﬁpgméw) andri®0arre ik e),&apeammpc r
direction. (B) Myotube length after 7 days. (O
(00484, othIbe 24 Quintificatior otimystub drgdhﬁ&h@ﬁ aﬁﬂaﬁbﬁ?ﬂo@@éyl oh aligned

. f P<Q. 0! 0044] FLG
na ‘%l%'“g 8 atlh {)‘%r En%‘& g?fyo‘ﬁ Sialieamsnt WCE%WW%M@M

antl I cat1on

dlreqf,ltom &B) MYMoﬂbmgh Gaﬂieﬂ'aﬂﬁ)}f'sl Oy usy e fvdil Sfted ’Aﬁaﬁr Y, dicates
stau%j%& %ﬁ%%)a r cel (&55' iferation (R Ran;
fg?%? HOft Woredtence staining of antl - MHC
g triated. myotube on aligned nanof brous

0043 9 Hr 6 &%(@E%?%‘le%ﬂﬂn dmiplylasyreplibgrationfangdanyombes sthuion on
aligredraaiofibgeusicasioldsat(a! l; e

Alj gét &fg EB;I cal casl gni fi 2%@&?%&%%2%%%10%%%3 p6%])lflcr 2% Ran A,

! 478 p%ﬁce&pq: SiAtnEre ofandi-MFHE sheviogganiized hyotuds on

alignad ﬁhﬂHfﬂJ@@lstb%Eﬂﬁﬂi S b%f‘%%rﬁ eg:)@%dnn%%()p ate t %Perc%ge of

<|¥| Lsra%@e is shown by (A
Smatﬁ Rt 1dgks- nﬂ@@%@ﬂoﬁ@@tlsnsalacmgmfmamchffbmhw(P@‘asgr
s in differentiation nedia is shown on (Q
[004510 nF t 28 Mﬂﬂb]aﬂmu@)mmt(anﬂpﬁyblﬁfbﬁQﬁl'gﬁlhﬁhﬁﬁéﬂbﬁSa micropatterned

D R e bl P e i st BB Ao sy view) and

(B) ph#ig conersh pat:l%cmmd H BctitHjistidotio R afsr ﬁﬁ&ﬁrm%h@%)éﬁtlétgn@ledla is
irection o

showf %ﬂ (C_f) 991¥ @géte%l@ V\icré[;]aétleglaeh%u %‘ateQ dnmwr(@uogﬁgent staining

m Ccrogr oo
of skej@tamvm@wq;; peﬁemm noxxsabw cell3046) ofrhion-pAerned (E, G) and

ien i | on e organi zati on and nor phol ogy

MICrox f’ilém}% Ccfrl rénrerrr]l aan%ﬁ%?r%n %F@ aAﬁ@ @ay@KGnIﬁbt ,ﬁtrgws indicate

directign cgmmmgroanvasefswlenﬁes 4re stl_the (A, @098k g@%@n&*&)&d Rt (o on
Pat

atterned (Con) and m cropatterne
reSpep[Rjg:rr‘};panes (B) Myotube Iength after 7 days. (C

[004614/8[%{%? %%n dtaglp%fptégé“ggdays * indicates statistically

mypagpeoyganization and morphology on
micropatterned membranes. (A) Angle of myotube alignment in reference to the
microgroove direction on non-patterned (Con) and micropatterned (Pat) membranes. (B)
Myotube length after 7 days. (C) Myotube width after 7 days. * indicates statistically
significant difference (P<0.05).

[0047] FIG. 29 Quantification of myoblast proliferation and striation on
micropatterned PDMS membranes. (A) BrdU incorporation for cell proliferation at the

carly stage of fusion on non-patterned (Con) and micropatterned (Pat) membranes. (B)

10



10

15

20

25

30

[0047] FIG 29 Quantification of nyobl ast
proliferation and striation on m cropatterned PDVS

woreovogmes. (A) BrdU incorporation for cell PCT/US2007/061253
proliferation at the early stage of fusion on
non-patterned (Con) and m cropatterned (Pat)
nmenbranes. (B)Quantification of the percentage of

striated cells after 7 days. indicates statistically
[0048] FIG 30 SEM

i t diff P<0. 05
Qua“?‘t @0bh 'C? b e'tf& g 2& S‘rﬂtf%’f%%ceé‘ﬁ)aﬁfﬁhafim olindiretes fstaltigcally

I mages o

SLgmMp@muLhﬂ‘e@Inb@(PMS)after 7 days in differentiation
nmedia on (A) random y-oriented and (B) ali gned PLLA

[0048RN (FfIGD rwJSEMﬁﬁQQJS ‘3? n(;%?@f)@f&%atmio al{m%l? ous ]scafl'o?ds

gnment _of nyoblasts on nitcrop

Myomjﬁs &élg?@&abﬁrf@r F’»’Lce@s gudisfereatieon (n&)haSEl\dA)rfag@)rﬂI& oriented and (B)

ali 'é@mmr/s@ﬂiﬂo%% d.grogves on a PLGC
gnsubstrate % ggg@éa?{@aa%n‘?g mgf nmyobl asts after 5

ay n di f;f ntiation a on nonpattcrncd (B) and
(00492 F1ED o A“%E'?T’e)t Bt BT dh ShebpaRarisd higdegrgabts PLGC

m cropatterné

subseAteswéh) SEM anageem:f taﬁdgfﬁpfﬁ&ﬂ@sﬁl&éﬁh@{eﬁle‘a%ooves gna p %

subst?&t&r%%f 1:en% PEIﬁGC Lélbst rzar Scal e bars are I( ?
hh T BIPEE 08 QY APASE affes Gxtays m &ftepaiathmmatiian non.

pattcmcelggBammdshnmp@tchﬁ@i IPTICNO sPBPGESS r$ i
actm%i/lé% rregs i onal n%/ V5 er seeded%ukﬁjolqgf&seﬁgb#({]?‘gi woll-organized
DI ast s WP ‘é‘f‘rdle%b[fﬁgtsélasfr%? oSedlé hrredranOpmb@y aad 50 pm

(B- Chmﬂpafcmvegr. of aligned nanofibers. After 7d of
differentiation, the sheets were rolled into a tubul ar

[00503CaFf®) 3b Bbiidinat secur ed.
di PG 33 Honmt oxulrf@% l?n mg@@ﬁ"’swgflm YOSt Ef%%%Jg‘g three-
Imepgignal myptiber- %ﬁedf"lll feladareeadfobds| Mlyubllakta wepadidfebtiated into

sonSEaf 0 ot (5L 0 B LTS S

[
sheet%%(plrel}pge qua pﬁ@qul,@gycgﬁfoldwﬁl asddstamcntsotud esculd.
t hree-di mensi-onal tubul ar panofiber scaffolds in
[0051¢ r @ﬁeﬁ Honaltox(yhip aad@osin IQE&Q%I s$ait Bhpid 51tg§nlzg,—ttﬂ(ﬁ1 of three-

di nof resce y st al ned for F-acti
e gr ee %uyge f[lgggisca(f it lopy ang) hagh Gighdemagnifip fdtlocmf
nMtr und I|ng model on aligned or unaligned
[0052 | k};\e{[rés ?‘t %) SRY 8? ﬁaalﬁBFF PEPBY alieﬁlcémaéhedelhdarrnmrrphology of
myoblistsaml bly@tulu’ah itBRRM i eASlofaPl
sectio %ﬂé‘geadlﬁﬂpem ed parallel or aeru'[feur%zll afIrlJe %E%Sfﬁ IHF ghgross-
8 aspegyis. AThe -&ﬁmlélﬁ%@/emﬁﬂ@au@eﬂwye’sbﬂg@ stained

for F- mmc(lgeeehyalmmg(pga); he nanofi ber nmeshes to bl ock cell
adhesion. (O CeI I S are seeded on t he nanofi ber
t he

ah@&d"ﬁ)@&é or aligned
fibers ’HMa@ BarN;'LDgﬁelﬁéh fhhaagd p\él%)enctf 1ar 90 ’&16 long edges of the wound. (B) A
flattened 18 Gauge syringe needle is placed on the nanofiber meshes to block cell adhesion.
(C) Cells are seeded on the nanofiber meshes. (D) After cells adhere to the nanofibers, the

needle is removed to allow cell migration into the wound.

[0054] FIG. 36 In vitro wound healing model with NHDFs on aligned vs. unaligned
nanofibers. After 48 hours, NHDFs on unaligned micro/nanofibers (A) show moderate
migration and wound coverage, and random cel] alignment. When the fibers are aligned

perpendicular to the edges of the wound (B), migration and wound coverage is greatly
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nanofi bers. After 48 hours, NHDFs on unaligned

m cr o/ nanofi bers (A) show noderate m grati on and wound
w@onengge, and random cell alignment. Wen t hePdT/082087/061253

are aligned perpendicular to the edges of the wound

(B), magration and wound coverage is greatlyenhanced,

and cells are aligned with fibers. Wen fibers are

aligned parallel to the edges of the wound (C), wound

rage i.s greatly reduced. Stain is whole actin

6“"?°"°F§eﬁ*9 CSH% ‘@H%%{ Whtf?d“ bery When fﬁmbe(rbM@eeyﬁgn@bpamembimeedges of
the Wbm&fs(@)e%ﬁﬁ& Bdveradel ik eaﬁ?%‘(ﬂw@g Faginak v&xoﬁaoay (ﬁ]éegfd ?fbj Hoechst

rs .a 0 [.005 In vitro vvoun
n“dﬁ%fd% \@Pé %)Qﬁ% Wtealmeg KeTeseRt indtlad arvomidivdpss a0t Houes. Scale bars

are ¥9¢t jp@ut chemical nodification. In all groups,
m cr o/ nanofi bers were oriented perpendicular to the

0035PN of.. t he nd,. Aft ar 24 hours, NHDFs showed
[ ésﬁhgﬁgg G Pae e, E]o‘(‘/’é]i‘ NjLPBon pligres mictdinanofibers

Wlthaddwthqgn aﬁenmhaﬂrm@dlﬁcﬂﬂitﬂi fih @ﬂ‘gf&it@)ﬁ ﬁbr&/ﬁ%ﬁcﬁ?&e@sdwg BDfSited
n cover € wouna area en
perp%r?chkﬁar t'odche Po&g glngst %f TSFI évcppge@gter #ehouys. WYPFsstowed enhanced

am nin was

migratign dﬂ1@/woﬁﬁiﬂcd\te@afgeclfn Mvﬁﬂﬁ%ﬁﬁ%ﬁam&ﬁ‘gééﬂl 1 ecgﬁgaﬂmtnh Qn

umrealfledtpt} % *1 ger |trC1 sol uble formor 1Mo
BTHT5HS igrwt cempleiely sovgidhewaend ar epgWeen Jaraimth was added to
the ﬁhmd eblls(rlgiepd nidet ta@ﬂdmma&ubh %?%pé%%ﬁgrg%td ﬁl{‘g%%t@glsegfn further,

cithel® q @d es hours. Scal e bars are
f:ilrt_fo yhie %grgé%wna?l liged to the ayierogdnnfibers/ $tainok betole actin (green)
and fucks (Blug). 8lotted Wiy ?épr G QADF0R El Bel %%32 utg)[ugsa %Cftlﬁ bars are

3 | ayered on top of each er to crea
00 W8npl ex architecture. Th| s figure depicts the assenbl y

of a graft with criss-cross fiber structure.

[005@dd HGo 81 Asmpwhlyt @frhultieBye@a nierofi 2858
f each. i ndi vi dlual @fﬁggﬁfp?‘%@fﬂ

[Jd gntation
mm&n&(ffg%e%ae% C@Ethleé?y%?é)ﬂﬁ EPop st PRt PEFgtAEPtiictRswith complex
archi feajurd ngﬁgmeiepw t(hé QSSe&IbI}Waﬁa 'ftnwﬁﬁ’éhgsdcﬁgs fib Hs?r?%?nre
Addlﬁﬁl{ i arc%ntec R | ght. through hot omas

it Grest et kit EIFIW GRERE Elétthf‘oﬁbm‘ledmn@rﬁe@bh individual
sheetaway, | eaving a patterned surface. (C The pol yner
sol ution was cast onto the wafer, spin-coated, and

[005’H| | PrEed3H (Faﬂ%a‘ﬁ@ﬁlrdg E%C%I%E&QF 8‘%%@#@}%6 %5] %lﬁ%gg{/(gp otoresist

fromthe sil

was segll ¥Oalt%él ﬁl‘a%ﬁqe wapr 399 gipededio U‘drirghnﬂyoﬁgh £ph&@dmask. (B)
Photdﬂ@d‘ﬂﬁfvﬁﬁfouﬁt]@ef)oly@engm A &éx}%@ %%gva?f V]{l% Bnlﬂag?med surface.

ifferent areas of the sheet
© POLFRSOltioR wasl Ctaﬁtgﬂféo el wafey, ppin-atatedi, bh&aReWed to polymerize.

(D) ThoEidht QRS thBy 0, FIG 41 illustrates an
) el elct rospi nni iﬁg@%%%‘gééfrﬁgn%?%{lﬁ‘e’ r?\#érntl on with a

ot N ct or TAl SCRI PT] ON. OF THE
[OOSSLR[%?E#RRED%%%}E 1£f)E ﬁAhgne or randomly oriented nanofiber sheet.
B) Seed multiple cell types on dlfferent areas of the sheet. C) Create a tubular construct with

multiple cell types at different locations in the graft.

[0059] FIG. 41 illustrates an electrospinning apparatus of the invention with a rotating

drum collector.
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/ . Definitions and Abbreviations [0060] The

abbrevi ati ons used herein generally have their
w@owetidonal neaning within the chem cal and PCT/US2007/061253

bi ol ogi cal arts. [0061] As used herein the singular

forms "a", "and", and "the" include plural referents

unl ess the context clearly dictates otherw se. [0062]

As used herein, and unless otherw se indicated, a

reonE I RIRChIRTRONGA a3re AR IErFRaED RATGERIMENTS
ﬁ)ﬂ’f@ A B e NGPe" e gt o1 Loss. t han about 3% by
100635 A5 ReL St the el HmilhendHenhghyosman/abonts

unled¥OH® 36:8tb R d]@argf (ﬁc@ce%%t}}e?&{s ded. Amino acids that are
not gene-encoded may al so be used in the present

0062Vt 5 re..am.no. aci ds that have been
: "ngdi@% LS pofol g g’gf%?se‘%\“é?ﬁ“_(}ée ’g??b‘iﬁbf‘éi 2 GPypBE{Pathabrs "essentially
free"saftaccompenkyimeess thitehamnposﬁim&ﬁéi%Lesbth‘aﬁ%&ft%&e/? by weight,

habet i y,2l.so be used in the invention.
U he “a mlai?arﬁ1 oa!bgg)f @)’ bt ]teﬁ%t?‘ﬁF é‘g‘é‘HtS % kv erriglgnombass then about 3%
by weighhefthethepniporent. L- i somer. I n addition, other

pepti dom netics are also useful in the present
[0063]nV Bidpitida" refsrs4s 8o Rk whidERE LAe.: Sodi9, bath
-Oineglélcg%%l at ed and ungl yccl)s;vl zla.t ed pepti ggs%re,&lms 0 acids and are
Jomed fegeths rqpeh patdechoads ipiematiselyrefrmetiao eb y polypeptide.
Addigbnyatigs ihat@d] Bird RYRL expresses, the pepti de.

For. a gener al revi ew, ’{s%g]ee%&gglaetglaggfm%’ p,lgfzr}ﬁglg(cgle and

homoerERIPS PRy ANDIBI TS HEMS TR0 tANaNOLAGRS.cn BRREHRESIAND used in
the pRRRET BNRtoR: FYGS ' .eds.. el Dckkcr, New York, _
. 267 (1883) Mﬁif éo%%%q‘f‘ﬁ%o Beiis 2L Five g pepcinied igclugs reactive
groupgaglie ajlopseas. moli}gnﬂmdhgypﬁhhhtdl@ieﬂ%, BrAsEddes 2%1%1 Helike may
also RRusBM @ e aGid ana nd am no acid nmnetics that
.SO function éﬁ%gmgng'n ﬁ‘ggosfsf ﬁ?naﬁrlg}o s ‘f?@g Ahtherraggept invention may be
citherdbe Br p1 fagsoamsirn gn 3«1:diti6n, hmrlﬁeﬁﬁd_i&nﬁﬁééd&s ra.i‘@egs@ﬁe@tﬁ A ISresent
i 868 hbos 2] A enetic code, as well as
e hos}ég g?n&nlg%}g%r o%ep?ﬁ%t referd g Betarelyroaypicddndamglycosylated
Pep thWdAéSO)ﬂpprB@ ere @ﬁdmmﬁf gtlldé‘hﬁﬂ&%ﬁ‘w gl?&%yla‘red by a system that
exynre&:?&%ﬂ%ﬁ%?r ne. Amr, 0 acid analogs refers to
o compounds ‘hat’ hETE ™ Ag S4nieenirtelacheli énCHEMISIBY uNe
TOCHEMISTRYAQIUARIN Y AQUSS) PEAIGE PARTHPR Hls, B - WeinsBh 3483 RON,
Dekk [ oung -t hydr ogen, a carboxyl group, an
Ckk%’tr}lﬁ%% %Orrgu%’%gr@9%ﬁ?' R group, e.g., honoserine,
orl euci ng, methi gni ne sul foxi de, methioni ne net hyl
[0064Q u IrIlihg ﬁ?rﬁf}n AnYNE KRCldn éFfﬁﬁ%to apeally occurring and synthetic amino acids, as

well as amino acid analogs and amino acid mimetics that function in a manner similar to the
naturally occurring amino acids. Naturally occurring amino acids are those encoded by the
genetic pode, as well as those amino acids that are later modified, e.g., hydroxyproline, y-
carboxyglutamate, and O-phosphoserine. Amino acid analogs refers to compounds that have
the same basic chemical structure as a naturally occurring amino acid, i.e., an o, carbon that
is bound to a hydrogen, a carboxyl group, an amino group, and an R group, e.g., homoserine,
norleucine, methionine sulfoxide, methionine methyl sulfonium. Such analogs have

modified R groups (e.g., norleucine) or modified peptide backbones, but retain the same
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nodi fied R groups (e.g., norleucine) or nodified
pepti de backbones, but retain the sanebasic chem ca
wa@eoaoeupE as a naturally occurring am no aci dPCHIB2907/061253
acid mnerics refers to chenical conpounds that have a
Sstructure that is different fromthe general chem ca
structure of an am no acid, but that function in a
manner simlar to a naturally occurring am no acid.
ba&% ﬁln ﬁs used herein, "nucleic acid" neans DNA, RIMA
gine &gs 2 18 a! bsesarirRgiamino aeisk eAminghdaid mimetics refers to

chedggl egrap&ichds Yyt |h%@@§ﬂn%u@ﬁétf1§ dlf?e'?gnt% ﬁ% eé]é'ngrab cléc-f,rglcal

nDdlfécatlons t hereof. Modifications

StruE{yte ¢ 4t qraigopgid, byighe fepenadinrrgmertremrisiailargo ewpairdliybdccurring

amihdggHpor at e addi tional charge, polarizability,
hydr ogen bondi ng, electrostatic interaction, points of

ta t ' ionality t h ucleic acid
(0063 SERURA RS, THORH BRE rhbahs Sty BV Gt aGondiednemsl-
strarglfdhOWdeQ‘ highllyiaggeghted |hlyﬁﬁdlzbﬂ1k51}] ﬂlbﬁgﬁ gﬁd Jiﬂ}%ﬁe%qcil%odlﬁcaﬁons
ther&ﬁp tl\%lgcﬁﬁ?é’lc‘fong 1t(clucge gutp:%{s ﬁhléﬁgwoﬁ ?QS) g@%glp%snglrnggcrlagrlﬁlgcal groups that

1 ons

mcomhtv lagtiviophioshatgespoladza ARG, hi @0 S diAE didecbbahii@ ﬁﬁeractlon
ine.nodifications, 8-position purin

t
pom?s (gtoa?t'agllﬁqfr;lxg r%\[ilfm llofl‘al&tgttp dhesnugleig ﬁ@éﬁ@ap@ bages peto the nuclc1c acid

ligarslizst whollel Sl fnodifi Ao indid; L WS hot thk R toOhe R ic acids
5-iodo-uracil; backbone nodifications,

(PNRY, RO BRPSRECT gl g herions 4.2 Pl pbaioi Heateomsetsyiphosphonates),
2'—pcai§;1drhﬁ1gh13mba§ﬁ§tmﬂss 95kitidh @)%nﬁﬁgnlné ?@&Hnﬁ‘éutﬂh%‘ % g”s‘%'uén purine

dgl g Nucl ejc acids can also in on- na
modpleanans, icgdions gfrexeg¥ehs aamings, spbsitifetidneof 4-th10ur1d1ne substitution

of 5-Masthé beatibas: ﬁﬁmba%kwle' A6 ons
such as éap |€g with a u%#%gﬁgféﬁgﬁméﬁm Iﬁ?ﬂ%&ﬁ%i?mnng
Com‘E}Pa%‘ﬁBtbﬁéﬁl afh%lﬁéﬁi@;})ab@[boxse@]udimmncbmqwamchse ambt(ﬂlehﬁee Nucleic acids

can YIBERIAL Yioh 8hEES Hafe@ sRP APERLL 9‘?‘8@ r?d,oT?q %ﬁg}ﬁagons can also

framework region froman I MMUNO
incluge 3; #Rdh ?Q@@n@ suchrasrepping hmh asﬂecnobhcz&l(kg JRjuBgem dot) or
anoﬂﬂgq“ﬁggognlzes an antigen. The recogni zed

|nnunoglobullns i ncl ude the kappa, |anbda, al pha,
regi on genes,

100682 By R s BRS tR8i) GRHUIGM 7 el peliice <pegr s &
fram@@meglbnq}um elln anmagleb@lhra&sfrégrﬁ&t@%r ﬁinhﬁﬁéco%ﬁ%%s Phereof that
ﬂmc&@Qngm‘E$$¥chhalns ar e. cla&glfled as_ganma,

g SFIERAY BFgHhn i o fqoﬁgﬁla?%lr@@ﬂn@@obﬁms include the
kappa, dﬂmhdrg Iad}thal, Bmmla,a@ESQSepdﬂ@% arldaifh cbﬂ*ﬁantlr %Qnéqggg well as the
rn.m&f?ﬁn_n&%qmﬁ <J g used herein,

Y TRl feelinply égngn ﬁﬁ?%lgmﬂhéhlsééﬁlﬂa$ﬂiﬁedm¢;ther kappa or
lambdh aﬁiemyecﬂamar@élammést gandiig, th@l IHIRNAORP RS %ﬁsﬁle&o%f@rm turn
deﬁn@ggﬂh |nqj %%% m? ree, four, five, or six typés

Ay g? 81° &PFFé {%ﬁ &M, deh alebdand kefersspeaivaly.
0 ,ﬂﬁgg{la| that is substantially or essentially free
[0067 @Ht the tega '&QPQW@QH'éé@Ctle‘pﬁ p‘dynﬁr tvhéch contains more

than fR{t9pd 8f sublifg. h‘ﬁ%me&go%agag pORBEE v 1ncfud¥ two, three, four,

five, or six types of subunits.

[0068] The term “isolated” refers to a material that is substantially or essentially free from
components, which are used to produce the material. The lower end of the range of purity
for the compositions is about 60%, about 70% or about 80% and the upper end of the range

of purity is about 70%, about 80%, about 90% or more than about 90%.
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for the conpositions is about 60% about 70% or about
80% and the upper end of the range of purity is about
wQ osdy/ogtout 80% about 90% or nore than about PCT/US2007/061253
90% [ 0069] "Hydrogel " refers to a water-insoluble and
wat er-swel | abl e cross-linked polynmer that is capable
of absolving at least 3 tines, preferably at |east 10
times, its own weight of a liquid. "Hydrogel" and
het. respon |ve mer" are used interchangeably
[00 9ir ei ﬁ9 r[ogfﬁdf Fie a{)\g? - u&&‘h@ﬂi watgisyiglabld enoss-hinked polymer

that mﬂplaw @bsorbihg raﬂtelabt@hhﬁ@ gﬂgﬂe%é}h %%Eaéég (r?b ttmlléy 1ttse gwn weight of a

ondi, i oni ¢ bon
11qu1 ySI P 28121 éﬁ?j’n@olf%pm\fedﬁ%ymﬁ’e raé@ﬁsed[m@?&janghﬁﬂy herein.
007% I(‘)[]]; b| ompl ecul e” or "bioorganic nolecule" refers to
[ ﬁqné “steched,]’ as v8a9i I@&tlhy:ncmdlsasbgs ihtevad®i@n including, but not

limit@H §&HoFiMBnt bU?x'dﬁlé wéyg&?dn#é e ex a 1onsa %1{0%8@%}8 1 combinations

conpri sing nucl &bt | no-acr
thereadi ds, steroids, nucleic acids, poI ypepti des,
ept i des pepti de fragnments, carbohydrates, I i pi ds,

[0074hd Thertrinn éhlomnkecofe”tolﬂ éB@o(@,ng; molLkyieo PJf@ESQb g? 0rga, lecule
typlgagﬁa%ﬁ%ng REQL &lns, &g proteins, or the lik [f(%?%

1y e ]F%]Pe Yigegen ifucrpmmle. andetwescarhaising
nuclgdtides,nnnnd ecids, angme] Bty acilk ef@oak! Yucldi8 8 8idh ngdps peptides,

pep tll.dg% 721]1 {%ﬁ Slyéihzﬁ‘ 5% ?1&3}4}2 gn%géglgﬂég&glslﬁﬁﬁsn (e.g., glycoproteins,

r1botmhmopmt@u§ ilipaptoyeing e phsils. sal ts and prodrugs of
t hese conpositions. [0074] Were substituent groups

| [00721]r S infdl @iy rdrieh @é&ﬁ%@ﬂ%ﬁ 20 ?e'ss 'lﬁ;? Jgﬁh%{p%ieggﬂa?ﬁ@ight,

£ lenfromleft tor
pre eEarJPéYn es21than ¢QfRt i cal substltucnts \Nhl ch woul d result
fromwiting the structure from rlght to left, e.qg.

[0073] o' Cempesition efite a;h\{emlahs (as neei heeein @6r 2o thé Q&K 51@113 discussed
herein eﬂﬁaﬁﬁ&ée\dﬁcalgf?&gﬁg e sal&% pr&ihgutgrsnélgf tel\gg g%@m1ﬁ§1£snea

is meant a s
d d | I t ffect. A
100747 0¥l Iu%‘?mfl?%'érsw S opsgatied b e eingoat snsiebighemical formulac,
erﬁdhdimmi@ﬂ:mmgﬁaﬂﬂc 41BCdrcw Ay
Whld%e{mg#‘a ﬁt armun{ C?ﬁfgfs ctoptal S%g%ﬁﬁ{cgﬂ?&%ﬁ 8@&1 S}ﬂbﬁltﬁcnts
FE e vgding SFHEREpEER eht s ft ¢4 e@mp Thiatended to

also re@terO@Hat maceutical |y acceptable salts" is neant to
i nclude salts of the conpounds of the invention which

[0075¢re B €paE @ e Wabdduh: I i ¢.aci ds ar bases,
ngl ng on t he Baﬁ%%ﬁﬁ %r&‘é[&{t@ P A ms AR s ficient
amouE‘ro Wg a%g é(P p {%@Fleh@p élleﬁl”eCMheaﬂl oC Gmmfmf@f Ahqoplcally
effectPle@SEYsrdAYARE & e
o ot orel 1 e B Rl e B b eprrataly
effectiys” appraiefanyta the ameunt of diigmevdl t6 eehcrbaTeRASHWapSLtic

resulta sufficient

[0076] The term "pharmaceutically acceptable salts” is meant to include salts of the
compounds of the invention which are prepared with relatively nontoxic acids or bases,
depending on the particular substituents found on the compounds described herein. When
compounds of the present invention contain relatively acidic functionalities, base addition
salts can be obtained by contacting the neutral form of such compounds with a sufficient
amount of the desired base, either neat or in a suitable inert solvent. Examples of

pharmaceutically acceptable base addition salts include sodium, potassium, calcium.
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amount of the desired base, either neat or in a
sui table inert solvent. Exanples of pharmaceutically
w@eweprEht e base addition salts include sodi unPCT/US2007/061253

pot assi um cal ci um ammoni um organi ¢ am no, or

magnesium salt, or a simlar salt. Wen conpounds of

the present invention contain relatively basic

functionalities, acid addition salts can be obtained
amn)g%- ng.ac t he neutr al m of such conpounds with

1 %l 1ﬁa]ﬁtm%é\rﬁj Ph{MESCHTR S&Es?rr"e%]méﬂéf gplt. n%thhe compatnds of the

pr esmt mvr:naloa wohi@in Ielaltwelfytba%m ﬁ/lﬁalonaﬁ-ﬁ@s”m:ﬁsddgfuoln salts can be obtained

utical,l able acid additio
by zgﬁg{t@eﬁ? RO § gﬂpcﬁjrcﬁmﬂoﬁﬁgsg‘ﬁﬁh @ Saﬁﬁ@@l’flaﬂmnt of the desired
aci mﬂrenndfdt OF iCa sUIABIOREARD Kend)] | - -
- ngaﬁ (g (gq]a Sa iy Cé) b grﬁ A o]%){a('r:fﬁyles‘:(ﬁr r}ﬁgﬂh&‘,eutlcally acceptable acid
Ah e}/ g OTd I}y RTGQ) éﬂri*]bk@hyﬁrbchlonc hydrobromic,
nitric§ Whitiohicg moﬁ@ﬁ'f&i‘bfgé'xﬁg%ﬂbl EF&%%OHQ yg&jlc]qnlydl dsgeflﬂléosglg[%%

dih hos rous acids and t
1Y HELF hagiey swfuic mnyhmg@»ulfum g’@!ﬂﬁOdﬁCbﬂﬁhd&bK&oub acids and
the li&6edsi 11@5“99'@1 ¢, mal oni g
benzsm ?: SuGCi Eb: cgenvleé g%% Hidifue non%XlF o o a‘i’r‘ésn]dl‘é‘f gestic,
PropigHi G ioptyrisanglsite mualdun, hc,nzqneimlcyllrmd,l hﬁlmﬂicp furfidrid, |L':f€:t1c mandelic,
phthdl&f B@f[z'eﬁ@su%hﬂgraf Sy I,88 hlc (:1%l atsrpaéﬁc ]inﬁ eAls&xli%nltq]n gné,l ghee(:{ﬂce

are sal no-acr ds suc

Also inqburdedzig salty| af gmoio mlgamah aa(}ilrgiﬁdﬂe uK@ i A€ gatbcsz organic
idsOad d t.he e or exanpl e,
aoies Ber. Zgg&d{fi‘&’rh Br E&éﬁar TC IS %"é# tlﬁgzjfﬁcf’ Zs'ee ﬁF?’F&PI%BGI’ge et al.,

Phaimpaeentiead §ﬁﬁ%’aﬂ0®alm@®aﬁﬁaceﬁudﬁ SckAdd %6 1 @"(1937 Certam
i nventi on con a|

d t
spec1§9 %81'1 b&ncfs%%? 3 nreg’e ? &m‘feﬂﬁ@? E%ﬁ%?ll hothhbasi¢and agidigfundimnalitics

asi ¢ and
that aélgmib@l nelmp@mdseo be Ime&ﬁ:d thtdtedthel BHRE6 Q@%%dg{
addition salts. [0077] The neutral foirrs of hl%ﬁ%ﬁb
[0077donpfﬂheld6utw1 foriseS RS Bbp S SRR RS nLAct
salt wn% with a base or.acid and iso %ﬁqﬁﬂyg %enteraa‘fed lf}gcoma"tmg the
r?ptbalﬁﬁ 45291t apf polasimgehe Pemal comrmieds mﬂihe cpavamibnilaﬁmner The
parent)forﬁqhﬁtﬁ@&fiﬁpm%dcﬂ freRrorh Y Sisalt.fo n
g physi cal 6r operties, sugﬁggyoso dBCFiRY B ﬁs’cal
pmpeﬁtbqba?”c 6PV7%1|‘+P§“Y [rolrie] salveratidi tion to salt forms, the
resent invention provides conpounds which are in a

[00785 dxnrhbpgi e;i@ggp sgit Mrrwgﬁleqfre@gmmeﬁﬁnﬁumd&dl@ﬁ cﬁﬁﬁ&hﬁ?&%&h are in
a & naer go .cnem cal. cnanges

T N ——
chemlg@lrﬁyéggﬁg}gméﬁr phy@le@gg@ﬂbndmﬁmd 190 vidAaded %drﬁﬁ?lﬂdx of the present
conp 0 U nas o

00k 4 verted to
inven pr esent a?%\%@h \B Ileogﬁl? RS TOE R eglr R DeHBPRWS offieriesent
inventiep ynchegnigalyy bmvhemmmﬂmmthod& WIQLx The caenniaHads of the

present i nvention may al so contai n unnatur al

[0079]r opidretdoormunds @ft th8pLest $iTh PRRBnhayPAE, OF r .
that constit ut{z such co ouans For}tgqglx@ﬁlp{urﬁ%??@mons

of atof?&c 1@@’:0%%%& %9 OpRFe g e stanrstha qqﬁtmlgqj:pmnmunds For
exampilss (bluer)q:mﬁpmf&dﬁ ﬁa@%efr@&m%@f&@lvﬁﬂ{ Faldtdaiid 1%'6903{3 such 3% O o2 example

(425l r AU sotopic vari
tr1t1u 121? é 8&%3 égg[? Of ¢ glp-é§én{3)1 A\Jrlelmﬁtppm Vawh‘ed)lhsemf the compounds

of the pmele:m aten¥i8n, AV IRr radib 8t e Ard 21188 7SR I?cso%pdassed within

the scope ol;fl the present invention.

[0080] The term “pharmaceutically acceptable carrier” or “pharmaceutically acceptable

vehicle” refers to any formulation or carrier medium that provides the appropriate delivery
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the scope of the present invention. [0080] The term
"pharmaceutically acceptable carrier” or
w0 pivasecEeut i cal | y accept abl e vehicle” refers POI/ES2007/061253
formul ation or carrier mediumthat provides the
appropriate deliveryof an effective anmount of a active
agent as defined herein, does not interfere with the
ef fectiveness of the biological activity of the active
£ agﬁnt, and that is stiff ciently non-toxic to the host
of af PrigCH Yo Apounkef p actirh agent as defineil berein, obsidet inatfers with the
effeﬁtlnl'e&esilﬂmﬁe BRUSH 8 a8tiARMo B %E@ﬁ(aeg“egﬁ @%b% s‘ufﬁment?y non-toxic

oi nt nrent bases and t he ases
to ﬂﬁe Sb@@%@&b&@rﬁ@n@@éﬁp@nwmgwm S, cpl&n bbtﬂlatelgeﬂable and

min&8) IRGEL §ase§'19t1&h€aské lﬁ%ltm-gﬁfﬁegsggs ?Tré{'}h Ehkgh hlf%epl\?l\alggq include

known to those in thé ar
gquﬁﬁ@ﬂ&ﬂg@m}ﬁal tb@ksnemdﬁn@tmml enhmtﬁcm:rmhd dre 100N e fBﬁnulatlon is well

kno ir of'c icsapd o Iy
! &ﬁ'&f RS i {:11‘:1'1@ I%Et f 8§11ﬂgt chq Iga P?H_flﬁiﬁeﬁt-}ff)&ﬁl en%ﬁqtqopglﬁgfmmahon

Pr act |1 Cce
CONGgIMing RTmsTy czm(l&) fowtrl ml’Rd:rﬁmlgtLﬁﬂ ey sdiedtchigl SrattY of Pharmacy, 21st

O har ut| cally accept abl e topical
Ed. ﬁ“gérrﬁﬁ‘g‘ﬁﬁ eWﬂ%a eqég Y}’é r}%hlpléfsel%r/lcqrgoragc)ed herein bypreference
[OOSEE eut i cal ly. acce aagl e carriers, as described

rei HS@%CH igalit apsPRiabls tonigyicariora pid Fewivelent. tomes rofer to

pharmaae:dticuﬂy latepptAblOtarfiéS R dé@ﬁﬁ@é@le@ﬁﬁ %Bl)ﬁe QitaHS ﬁ)q' QSI]&IQQ
wopl Ot a‘gll vigl?, he actlve agent (s), aving t
PP ﬁf‘é%‘é 144 Wepreainoexe Clgsaptiinof sHsberdieg or Jiswdieing the

activapgbih irQi fidven ﬂﬁb d
L 4 et Ml B i v
apPugg iy rSkmFFill‘%‘E%1 hadr, ﬁlral“éorslﬁmﬂéllff freetdnyple nf e p@thaceutically-acceptable

topic@NERHTPASBhIS &rhi B spdi&lilyahs @Qp{ ﬁ use in
topi cal COSMEBt | CSP e We;ya 1 é)] %? m&oggs cafrier materials approved

for u“?)’r’i’atPH’&é]e%ﬁbFI@&H %H@Uzept abl e addl tive" refers to
eservatives, antioxidants, fragrances, enmulsif ers,
lﬂﬁsg}y es Thedemx cplpﬂrmat@nﬂcmldw\mo@ptabmﬂidmwet hefof t@b@es@fva@"vb'ﬂ

I n not nduI terfere with th
oo oA b 3o RS it Bl G atindes ol of rug
formplgtian ; tan@ﬁdl’f th agt ltlTKiUﬂ;}Ufflft&rf&Tte g\tlcl)ihztgf @;’Fglrtt?ué:n gststdg é}géqglpgﬁéal activity

v | [
of thé-')glc[‘cﬁf% Slqt anA\ ahlb bg?$01€1§{¥ %Vxlfetoéﬁﬂg%tloép?t"@tt Heidtes for
top1c@1(ﬁquglat1pmmarea>sell h[t@vrﬂfh thbB e, aiempy 8k H&@&i%'tﬁ@!&lpi/cal composition
as loACSERL Iehand not[% eterious to the epithelia ? ’
r%‘f stﬁ f e Rhatmacantic Bfra(ctquta l@ﬁgg ngh delpigrigng todhe gpithelial cells or

their §etcEpno Fa;tthﬂnthey shingld abaddust B¥teAbratibg ¢ mllﬁt&%‘thé: or
antl-lrrltants t acki ers

inert fill
compé))s(%ggl gﬁf gxar?glgdlnglﬁ g]rélgrs B'f)téférlnft?%% §ac %ﬁﬁrp OXC gt fragrances,
opac1djefsl, amg)ﬁ@&m elliipalbhth Z@415lize3 4 rsﬁﬁﬁ@t@fﬂtt emSﬁBHs' &m)rcing agents,
f%gent S, tgr eservatives, buffering agents
Preseiy talt%?s E}g’if % PRI QHSH betacatign gnbarsers, eerhotbor ¢amvahtional
composTIOBLRpTeaPbr troRkdE@hal QLT WI%M%F b%%é(%m the art

fornmul ati ons as are known in the art

[0083(er £ Osed 1RGN ! n"’a%ﬂxﬁﬁﬂs@ﬁn% RN é)lraﬁ%dn%gﬁgtrg i3 :??tglggmfrahon as a

adm nistrati on as a sup OS|t0ry, 0
SUPPOS T {RPHGH) §ontagfy H@@E¢H¢U§mea’apentnhﬂfﬂ,mlﬁ”€mhﬁlmar intralesional,

intrank 84l bRk &SI ueARbus administration, or the implantation of a slow-release device e.g.,

a mini-osmotic pump, to the subject.

[0084] The term “excipients” is conventionally known to mean carriers, diluents and/or

vehicles used in formulating drug compositions effective for the desired use.
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i ntranasal or subcutaneous adm ni stration, or the
i nplantation of a slowrelease device e.g., a
WOorReW7AQENDt i ¢ punp, to the subject. [0084] TheP€EUN2007/061253
"excipients” is conventionally known to nmean carriers,
di  uents and/or vehicles used in fornmulating drug
conpositions effective for the desired use.[0085] The
term "aut ol ogous cells", as used herein, refers to
Wﬂéﬁll wplc a subj gct s own cells, or clones
er C”[‘oe‘sfefog?ﬁwl r Suspd Befsiteirefetseblosily whshused subject’s

ownh@ll§idt cldek @ezedO cells which are not a first
subject's own cells, or clones thereof, but are cells,

0088 CHRNES, AL rom.a S d ub ect and

[ Fn s sec%%dglg%&lélgtcgl 5 \éggieﬁl fezein reg Eq %ei gl @re not a first

SUbJWtrSS-’(WISQRi}SeQI clopmaa&]eoﬁmat areromls rmtcemab B@edtT, §2lved from a second
e not froma

refers,. to ce
qubJ?éra g(t'§ @@E E e O%P qnb] ST 8 ifl © qamﬁrgpﬁcfl%%%tﬂF %é‘?téB'PJF% ut are
[0089E I,lz1 9r ¢l anes t her eof , derived froma second

bj "EE I PFROLOS0US 67 stigjsed freiedn, ipfers theccBamhich are not from a
first S\pigectte;SovatS cém;e of tlbfts BERHE Bt aﬂe%ﬁ&ormﬁleg ﬁ{eg%ofsaﬁmed from a

used herejn, refers to cells capa
Seco}a& flfbé?‘% fﬂla HF 87rapAsybiseiia potibe samg eesies asdhe ﬂrsm gubjhase
having a particul ar, specialized function (i.
(00884, fibg é‘Frlny ‘Hemfce e HW nsedchecsih) IsferstmccttllasamWé hf dm?ﬁéf@&atlon into

othe 1di e havi he)de
th: ﬁ&@lr@p&am di ﬁ% fhoke hali ﬁg]a%?l't a:u at(% eci% 1zecr )éwgw?lbgler derminally

accord ﬁ to their sour
d1ffegq%gt}¢gme s,stelpe elytapeytes, naacmphdgesg ettc() tSh@h rcelm@&eﬁm‘eydeﬁned

accoﬁcﬁ%ﬁ&ﬁ&@ Rburch Kﬁiﬂ' PSR ﬁ%qli?ij celisp ot glg;qqgc{] %?rﬁrye]f@f aF g:cpgimg to

he ter uni pote

thelf@ételngy ttarippicnd pbeipotdny, muiapctehi aﬂclyu&&potbm@ have the
property of self-renewal which distinguishes themfrom

[008%onThe Bfmm‘étinlipntelﬁe %Qﬂsa&f hereing fé'ﬂal%s ténélalllsl &%tfﬁa@luoe cf?ﬂ)aone cell type,
a e ereln, rerer 0 ce
but haPd 29 %ro VA SF& rgﬁ?wq}ﬁ@%l% dl§ggg+1%ness dlhgmp &opppon-stem cells.

can
naI I y differentiated cell types. These different
(00915 fﬂ“i [élmé%l .10y “plogemitoy” rasluae eliere i, gafelblto)(oellls which can

give ﬁﬁi ﬂoSan§ldJ@1B oBScv @8l dafreRd: &ﬂﬁn%ﬂy ‘ﬁ%f&?niﬂt&? &if STP 'gl? cgg different

1 atel ets For exanpl e, nesench temce
ce tﬁ%xﬁﬁe‘é%la © Qﬁ}ygielraéqﬁaﬂeg:éﬂ@@; C@lb@unlmhs repdﬂmﬁ cedls] White blood

cells é&ﬁtﬂpl@fe@a’c@amleﬁaﬁ lef R0 42g ﬁf .&9{9' ?ﬁt aﬂbo ondr og%é%%vetmmal

nmyocyt es, adi P es, neur cel
cells) ¢ Bhdinaertec nod et C@ﬂblmféonn&ng Ioeﬂeeblabts,rqmbﬂmms myocytes,

adipohies, heRFSHa { abcréatic i ce tal
dip Wﬂ |§|'h prfk ?E&ﬂ; b B {p Biugid 3% JPShe \9 \%F’fm”dﬂy“?lﬁé? reletal

by adiffere ation process in
myofﬁ‘%&ﬁ Wi b‘ﬁ‘d?feﬁeé@ﬂ@”m&ﬁ@ Tisel mlshcﬂetaeaﬁedemym bipediffdreRtion process

involi 'H? L6 RL'dWlHlpaqtcgﬂb into %ﬁlt&%g%a%ér el ncblar efers to of

sthat glve rise to s not all,

00914 her et: fr@0, QL gani sm Plurlptent stemcells
100913 1Tt YRE Doy te P oreliny v Bl h41584 Hea meorc or
manybb_;dylooall,a)frtht veletypeg aflaISdSngli’zlllsﬁah Q*lgﬁpdcliﬂblﬁk@éiﬁ cells are able to

Lo rarrmn napl e to de-di erentiate into
d1ﬂ°er% feJateC g}l 7 any ?eq]m]%%ﬁ\/%ﬁj %:}LP Of@ mature organism, although without
reprogramming they are unable to de-differentiate into the cells from which they were
derived. As will be appreciated, "multipotent"/progenitor cells (e.g., neural stem cells) have
& more narrow differentiation potential than do pluripotent stem cells. Another class of cells
even more primitive (i.e., uncommitted to a particular differentiation fate) than pluripotent

stem cells are the so-called "totipotent" stem cells.
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derived. As will be appreciated,

“mul tipotent' Vprogenitor cells (e.g., neural stem
w@edoreyoibmve a nore narrow differentiati on potBCI/Us1007/061253

than do pluripotent stemcells. Another class of cells

even nore primtive (i.e., uncommtted to a particular

differentiati on fate) than pluripotent stemcells are

the so-called "totipotent” stemcells.[0092] The term

’ ot' otent‘ as used herein, refers to fertilized
[Ooggicy Ssterm stdfppient a%‘é‘?‘eldﬁeﬁ?‘&d@ﬁf‘é@lf%@ﬁﬂf?@dﬁmcms fagwrell as cells

proch‘iic&’d By eRshiref febh@visRink ot 894 gg% lc?li ge n% et: gr%rs %Pﬁmﬁwo and

; ﬁ ?FF four cell stages of

our-fg SB’&?% lopgerRly dotipeteabedlisthave ﬁled:lbﬁfﬁtgrte dtffeiélﬁmte into any
iocell @Pyhet paRgey®S t 5

typeex anpl e, a?églﬁc ng Iresgtg%%sl gfﬁreetr%tg ?erétrahsg ?:l trouggﬁea% sg?r\l}é;eﬁ'c%ld give

rise {of %pre@lﬁﬁ s@iraalaps yrall as trsanyedf thasytriad @i yeldotypel Goundrih agk particular

| 1 t. |
ol 5L 9 WO 0 R S8 SR 5 O Bt o
Wlthtﬂ@,q p%@@itfom@fﬂe@ntlaisomhé aasmpkitd Srowh bhtitdie, petevtital,

msrich Qi SEer |at|on into a corrpl ete organ or tissue,
PH re1 re% elglrcggg “primordial" stemcells. [0093] The

r edi Lferentiatiop”, as used herein, refers to
[Oﬂg%ﬁerprh 8? Urh CLQ% fg rﬁlgﬁﬁoflo’ a3 ysed Borghe s5taisite i rstuan ef a coll to a less
SpGClAleeeﬂr statediAffter idediffoadnitiafion, SUEH 2 3cl §lill ¥ Jneh
mto O R r(% %f to d| ferentiate into more or . di Ff e t{ng dffferentiate
2 et §;§f|hﬁ11 &8 ppeible prioe I%Wedgpmmmlgxg Tihe process of
reverpes drfﬁsﬁtﬁafaoﬁ Qw@meedﬁfe%rﬁ{aﬁaﬁj 1§tm<e§, thbre®omplicat d fhan_
dlffer : tl fferqentl ation) is conp é)a]t &d
(f’l“* FEPEHG BTG é?r@r‘?%%fﬂmﬂé% fhP éelbtqa‘g&camﬂmq‘b drimitivel An

examiple GRCANEreBiRioR it feldohé

mdedi fferenti at on is toheergigﬂvog;é& (#eeo% Be emtorc I, such as early
P“mw&@éqh brio gapusclesyien cal oe stk itpedlivar y rryobl ast to a
muscle stemcell or satellite cell. [0094] A "normal"”
[0094)¢ oy "@ermalf sfear ecltnefeas &t @ sremadell (boits pio"geﬂf)ﬁ;ﬁ&rﬁ,@es tB8dxhibit an
berrilg &rran e or. have
aberr. %eﬁ@c}rpg SPh et anaa%eggn t%eng{yé)g ngi] tbéf CANEVE HSS 19 ethf’ fuli range of

aberrant” genotype,
cells thah hederiveddiar suttat stbm @it iTu elek EondeRt 58 RotihosdR Rehehdlt, for
for exanple

of. a t otent stemcell,
exam?ﬁe{}%:cle %Qhﬁlx%ve n‘»/eetol, Qr eepxP@pPef, ap elégl(rgnﬁcprélal aping that és healthy In
contrafranglabaernd! stbﬂna.telllrsfefwtal a 1¢%m cb 6@ ¥ KA HHrm AN dueI: forn %}%ample to

m ers to a temcell that 1I’s
one O‘E]g}ra?ré;fﬂmé“’n%f%en 6 E?P;sf écatkoas SreBPEgSr & hisehnoovel stom cells
dlffergcmmmpunmwnﬁ celat i ons or pat hogens. Thus, abnor nal

stemcells differ fromnormal stemcells. [0095] A

[0095] grafigfoveh ehviesHRRIH:" isiah, ARirBAMERCHTRIL, hg Qi L% :
oroliferate in vitro. Feat%réétgmo lgmﬁpmmferate 1

vitro. ene\?PFSSnW{e PHEIIRR irdudeetr gradium iihivbicht the celld drs caltered, and a
suppoetild stfReure 4Udh As 8 URRRFtd Hifa §§1‘idjf1frﬁfc§) &ﬁ; &Q?tgg 9 2]

substrate on a solid surface prese _
[0096]efG'f’ g}g%ﬁki‘eﬁ?ttg?’rprregﬁgtcgg %ﬁ%?an%e ua? f?f?e gV?g %rﬁéfc’%‘fh&growth of
cells agd vdueh, audrss addedith éhét:mltu;nc enedohh usT @SpplerBERPlsGIFe BlhervSe 2
compdiht 6F M8 Sacium. Put another way, a growth factor is a molecule that is not
secreted by cells being cultured (including any feeder cells, if present) or, if secreted by cells
in the culture medium, is not secreted in an amount sufficient to achieve the result obtained
by adding the growth factor exogenously. Growth factors include, but are not limited to,

basic fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF), epidermal
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conponent of the basal nedium Put another way, a

gromh factor is a nolecule that is not secreted by
w@edtor®odiei ng cul tured (including any feeder ceP¢BHUS1007/061253

present) or, if secreted by cells in the culture

medium is not secreted in an anmount sufficient to

achieve the result obtained by adding the growh

factor exogenously. Gowh factors include, but are

te, L1 to,..basic fibroblast growh factor (bFGF
grov‘gcgifactgrnqﬁ(glgomsg]ﬁ ?‘EF SlWhffagteF (T@gﬁ:m:gnsulm like gro(wth Fagtor—ﬂ (GF-
II), Epiettedesl gl gl‘leth faedroAB QEﬁ@F} V?@élg\%.\lﬁl &[F‘]hdfo agg%rowth factor

TG--T |nsuI|nI|ke
V. E{}$&glc 1y1n-.éi bang Qrp WQ@@t@n@(&MFﬁhmsghnABtc(lﬁ’ﬁﬁFkhemokmes
morplRpehs, &h”eut@ﬂ%@ﬁﬁib@hle‘g eéthe Lag gr%% ecu%eﬁsul in,

activin-A, bone norph ogenl pro érns

10099Y t AlcNESn “&%%955 C{I)?r’ as élg%cp gmney%glglaél lecule that induces a

ant i bodi es pro erns,
stem{qgH @7 profsaitorsalh to dbfreit &nd paticelar fetaibed cﬁﬁt‘y;fﬁ@ed
herein, refers to a nol ecule that i nduces a stem cell

[0098} BEmgamiltbr neeid" dromemm fefdr9 tRoMAEA hGid
subst%ﬁﬁ& gthl zed cel C;e‘t‘ﬁjg 00981 Ex?r acel %I%BStﬁ%%es that provide
matrr i CRpEHens for %?nwlbgr@%h@m@@sieﬂman extracellular

matnp;rsgmthdenzsdl b tedtd @llsy Thb %a%ﬁﬁ%xag%q%%hggc‘f 8{1( tgrsgt():se Sl ar

cel | owt h as provi
Al’cema{J ‘P? t!gg, ﬁ?lﬁggl}e?gé) Rl‘é%lé&?ﬂleé?@qtﬂ‘lg maghize pravidies imsglutien.
Compmrmﬂtsi&thnw&tﬁc&m%{rﬁ%ﬁ caﬁllﬁc%c{éqtahl\ﬁﬁhycol%ggn and fibronectin.

conpoi i ent (s) conprising the matrix nhy rov

009 olmh@%m(;gggg n el | ul ri X can
[ S|$jncl ude | am ni gﬁﬁ%% 19af01 a‘igfs% 7 Sne etaf%rﬁt Pf?d@é‘]"erﬂ‘?él of'a stem
cell itgraqvidingepres %ﬁlto\'léeléapféeldtlﬁférﬁnmmjﬁmehpéc&ﬁﬁ celtef ers

to the conversion of a stemcell into a dividing
(0100, OE]@WWr wlltenamd” asdistd Berehi, katRdo baFHasRGIbUClincage

Spemﬁg% on. [ 0100] The term "self renewal ", as used herein,
refers to prol [ feratl on W thout |ineage specification.

(0101 The,, "al i ned as used herein, refers to
[010%] héP 5 e f:l Oils P5© é\egem rfegery fohe Qgelptetlgmef fibers in a fibrous

polynmraﬁéiﬁﬁcbld Wﬁwﬁﬂ laflcadt 40088t the GhcRf ok gﬁc{% 401 8 @ncr?l <%1rcgﬂon and

their ern%}t ed.in a general direction an err o Ien
PO RO F%g%er%\gﬁ axipef gigngramenThe Trientatidreot atyi gmemﬁber can

devm’@:rﬁforg ItN@&Vefr&g,l%Q{meﬁth%ﬁMieﬁ{ gd th@ ’&E%Hﬁox?é!d [ aeg%(pgé(blb%lj as the angle

" 3 gg% Qd t he devi ation can be expresse
orme fredeBeshaesis aﬂiﬁér@ptaglnmrﬁthaa&beg andkeviation angle of 0°
exhlbm‘ p@ﬂﬁo@hh@ﬁn&ft ah8l 90$ tot%e Hg° %XH%Y% %&1218? a@%&gﬁ%ﬁt@f tﬂée fiber with

hibits perfect ali gnrren
fespe% F? HEFORERS AKISGH ptigrment. (Then fekboplavy eﬂnbmmqttha Gahdwed

deviatBHESREE FBEsSrd 1! d\%g%% ré%(lb ci]mlh%g%leerﬁtg 'g?r} @ﬁ%} Ehars gg%lg%gé from

b t he st andar d devi ati
ctwegh P's 2t Lalbrgrasedf 20dA° Hetanemifgine Sebemiced 0F BRI 0°, between 0°

and lﬁebmgn@ @H@Zé‘* opgét%gHOgaggggg’ between 0 and 5,

between 0 and 10 et ween 15, between 0 and 20,
r term'rod' as used
[omzﬁeg@@&éﬁ%ﬁ% PS> Fse%q‘ef‘l['w(? g’h@ﬂls PelynTes Isen i erhighsis

essentially in the shape of a filled cylinder. Spaces and channels can be present between the

individual fibers which compose the rod.

[0103] The term ‘conduit’, as used herein, refers to an object that is essentially cylindrical
in shape. The conduit has an inner wall and an outer wall, an interior diameter, an exterior

diameter, and an interior space which is defined by the inner diameter of the conduit as well
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essentially in the shape of a filled cylinder. Spaces
and channel s can be present between the individua

wo iwengi1ohi ch conpose the rod. [0103] The ter nPCT/US2007/061253
‘conduit', as used herein, refers to an object that is
essentially cylindrical in shape. The conduit has an
inner wall and an outer wall, an interior dianeter, an
exterior dianeter, and an interior space which is
defipe t he inner diameter of the conduit as well as

os it f 3 e(:%)(aﬁes agydchaunels, gancbespiisasnd betayeeh dhpindsddual e weehich

compbe thadbnduitual fi bers which conpose t he conduit.
[0104] The term'filled conduit', as used herein,

010uef erne t6:9n & i P on of fhe interi
[ Face |ts collfég;hgjﬂ bt 1[3 i %Hmrg iel%geé al'ﬁ?ré‘f iy 1ChaP01’t10n of

the ipterigy shpce @saqynﬁpsad t)f BHeusatedhly riEis Stlaf feletial SPASESHBRYS
fibers

c bet yween t i ndi vi dua
poly B etk %‘%@@ R bl Y0 R Bt st hhincieigl Hbers which
Cmnp@@éh¢ﬁ6 tgwaited' , as used herein, refers to a
junction forned by fitting, joining, or |apping

[0106bgdthkeernt wears ot isedifed’ Tﬁlﬁ&s@dth‘é&u% @6kt ORS, d{r&ggu&efo?%e&j by fitting,

et er. chani cal. neans, such as sut
Jomlﬁg i m%’égﬁ ST TR $FCHENS NP g Sesttiond hers b beld td?gﬂther by
mcclema:%rpireanﬁ sﬁc&lam suturEoBY cRYmial Al
heet to anot gi.on, 900106 The fernfﬁgggﬁp Qradm”“ms

For eéé‘mﬁ e d SHET & ImF%%e)zéﬂ%mtrkg g rag)@énée shéet 4o smather r[e@ibﬁ?]

010% Lern1"ce||" can refer to either a singular
[010¢]. C &Pf 1oymg seqaplgesay as(useé hprstin, refletsuatan absericd b9 8keahe
"extracel lular matrix conmponent”, as used herein,
[01 oﬂs 5 prisiyeicel eparctedat 16 risher aagihgilsy, ( “gal  @gBMiral (“cells”) situation.
fibronectin and el astin. [0109] The term"stent", ds

[0108]sedht @lrt]'lal ‘extracellalar Wg%b@boﬁéiﬁ’ k&|§ ug&{j}?erglfrvl\hlsmﬁﬁber selected
Fot and. qrgani ¢ pol yners en
ﬁonl%%ggglcon%%ﬂeﬁgengﬁ”b?ﬁﬁﬂ? gol ymer, the pol ymer is
[010 & %ganlbrous or. mcrofibrous polyner scaffold as
16 THE8 AErer A U3eH hetdieris advtiswhich cehbe staentof] andmdgher

thing$, rrﬁ)eb’fh.l&n@d?ﬁdiﬂ@p@l r%@ﬁ‘ftﬂeoét% 6§ H]ngXF ~ %g%%gﬁmgethe

| of the fibers will be between M CF ona"
Polymet is noket ranefibyoys 95 A ciofibtamneoymertseatfolidi aselesdritet hefin. In other

rd Bl ! !
WO Qaﬁp%e tsgﬁmsvlﬁﬁg?(%h?%ieﬂlég%ﬁﬁ&g{ gcaffd ic? e gvgelrae%tﬁ?nslgt%]gﬂig the
ﬁberst\ﬁ]il hedweeq HiPemniorony and dbhat ﬁbnq:lmlmdtd:r@nSn .E(ﬁllé—ﬁ]lbtdﬁb@s ¢he entire
stent BQEPAIE bF QPan&RY AR r&%@rﬁ&%ﬁ rap%q%gﬂi ala&%ﬁrf }ypeaargn the second

pol ymer scaffol ds can rous

dwn“§ﬂ€hg5§ﬂﬁﬂﬁmdh¢ﬁéﬁdpnhQHmr scaf fol ds or nanofi ber
pol ynmer scaffol ds. These pol ynmer scaffolds can al so be
I nilke Gompasitipmd pol ymer scaffol ds. The conpositions

[01 10]’5‘2‘3@%%% ?Cf}llyg egodlf]sgcarfl faﬁllélglslbg {)(ﬁl&ﬁﬂ%’ Iscr;\f/'t%li]ctlsl O”Fhege polymer scaffolds can
be fibrous polymer scaffolds, such as microfiber polymer scaffolds or nanofiber polymer
scaffolds. These polymer scaffolds can also be micropatterned polymer scaffolds. The
compositions and/or polymer scaffolds of the invention can optionally be unaligned or they
can be aligned, such as longitudinally or circumferentially. The compositions and/or
polymer scaffolds of the invention can optionally be formed into a shape, such as a sheet,
criss-cross sheet, conduit, rod or filled conduit. The compositions and/or polymer scaffolds

of the invention can have a seam or they can be seamless. The compositions or polymers of

the invention can also optionally include materials such as a cell, a biomolecule, or a
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can be aligned, such as longitudinally or
circunferentially. The conpositions and/or polyner
w@eafpgilas of the invention can optionally be POY/D807/061253
into a shape, such as a sheet, criss-cross sheet,
conduit, rod or filled conduit. The conpositions
and/ or polyner scaffolds of the invention can have a
seam or they can be seanl ess. The conpositions or
olyners of the invention _can also optionally include
ph arr%r’a ke a§&f‘dﬁ§lﬁ§ RNt These plbgrsnentsl sbapess and additional
comppiateedit i€ tle i ppeeBRinaB} & oEXGLRIE &0t of biclosi
fir %'igﬁgents, shape£ and ani?ioné@gcgﬁ%g%gﬁggﬂégkugP%wal
ngtgny e FWBVB%%# the e fanponchde pepEnac Ehenémpdsitions can
be ubddoin @B AN fitHAGI b 98 imdHd L of .the jnvention
do not inchEde agst lerﬁ% %ﬁgg%%ﬁ%%g?fe&%aﬁg b&&ﬂglﬁgl fg‘g%téf’ns-
1. @) " b3 PoRRGLNEGl R 1O 1 nprove, regenerate or
replace Dni | ‘mctions. //. a) Fibrous Pol yner
Bt ggsz*g;ﬁpm L 00 DT £ 1 oGs B T Cogbiises 8 fbrous
1 :
PO Yg% ymer LCarToPe P %y?ql%f‘%lgé %’&F&%@? agii’ﬁlf Piofiorrs ke have a

range of ligeretas. T deeenwinglendaditiaueths & aRge d?afrnééélaéﬁﬁ%ﬁﬁers in the
t he averagé di aneter o

ex I, nmbodi nent ,
fbrol B SRR B PP PETREFTSS4PPY 008 nenemetors. In
anotizgyeutmplaty aabodivicdr,shé OvelQidiaRORO8r ARNANEL 8/8e fbbus olymer
nt, the average di aneter of

- t her exenpl ary enbodi
scut 0N AR ST st R roias BBY 310 amentetrd. Isarf exsmplary
embadimeht, #e RNan@EREQNSct OF ADGBLrs2R ¢ £3g4 ?%&%ﬁ%&d om about

50 nSXE Ianﬁ enbgginent, the average di ane
FIOBIHES {hakad 2P108P saromefrner a8 cagmhplady pebddiorensbbeitverage

diamb@r BAMheTicey B the fiBRAMHoRIA A RARNELE! Sioul 1 ?(? {q%%)meters to about

5 pofXe | ary enbodi nent, "the average dianeter o
VUG PRHROMEteTy. fhan e gnrlay geehodiments thafavetage idsarfietanfahefibers in the

fibrod$bIHABPEREBI S1ist oA ARt I%Mngﬁg?en?%o%lf’d { 5@,{)8{)1 panometers. In an

exenplar%,enbodlnent, the average dra
exempi g% FrbpHingend, the Byesage piomptes of teditfcos th the Hobaum RINHEr scaffold is

from &R0 onaReRe! 000 nanoneters. In an_.
O ARG o AR B PO na e 3 et SPBlsry opBodiment, the

average geymeterpiithefibens o the fpobyerlyseasdadiott issrdh @Bb@20000
A0 , 000 nanoneters. Tn an
o AN B D, T3l o

. exenplary en
diamgteryirthe finenshe tie fibrous pplylenesaritaiss b absuf ¢ § @R Lrs to about

t bout. 10, 000 nanoneters. I n an
100 A0 R Sy SR B S for i
fibrotsi edyraer seaffblel if iffproaisoup Ol ymmbrsead fOd bt 50 hAAMARAUY, an

t to about. 100 nanoneters. In an
exem oty PO, it Sl fnvmct G Rg et Rotms pabymer scaffold is
from ghaed papemetee td aano8S npadnisers. 36 ah ERédplasy EIBQGBH?A%QF bhe average
cﬁmné%ﬁ%f@%pﬁﬁﬁé§rﬁ1t about. 50 nanoneters. In an exenplary

enbodi ient, 't hE 57 Py rLiatield oo ebeutparanometarsity about 25
nanohgtens o lis ap ekgmplariseabd dihndnd, shef dvefiod Roatherdr HARQ %%%rlﬁ [ToR fibrous
e

ut .nanoneters. In an exenplary enbodi nent, t
der%? g?aé%ié i B ABP LI R er g5 Fosationt § GO Teheratsrsp dhyieremplary
embodiomhf, shelavesade dininaO Bt the MRAONRLEFBrd pBRYM: s28Fold is from about

500 nanometcers to about 1,000 nanometers.

[0112] In an exemplary embodiment, the fibrous polymer scaffold is a member selected
from a nanofiber polymer scaffold and a microfiber polymer scaffold. Microfiber polymer

scaffolds have micron-scale features (an average fiber diameter between about 1,000
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nanoneters. In an exenplary enbodi nent, the average
di anmeter of the fibers in the fibrous polyner scaffold
w0 g00f70mabout 90 nanoneters to about 1, 000 naPONES®NT061253
In an exenpl ary enbodi ment, the average di aneter of
the fibers in the fibrous polynmer scaffold is from
about 500 nanoneters to about 1,000 nanoneters. [0112]
In an exenplary enbodi nent, the fibrous polyner

mber sel ected from a nanofi ber pol ymer
nanOSr?:eaFl%sCﬁng gﬂﬂt Sé)nﬁqod}a&f)mﬁrs G@ﬂyﬁ@m%b’dithbﬁ abidut t 000 Behometers

and p)lmdxy 2050098 Gahbk@ss) Naig MFPRr 5&12%%{ § %?If?gc{)setgtﬁ% Isrglfr&cgon-scale

age fiber diameter betwee

fea“ﬁﬁ%l {agbaggfagg dbsb diangis hetveres abavidl Cesgpericadr ynd S5NR 000
nanoRiets, dhd0Q eélé‘l‘i‘;pﬂ@ctvvgéé 2l 5??%#%%%558%%§mﬂfgséﬁnwgem)

whi |l e nano Iberépo ymer sca
Eacly oithgicarolymer sopéipkigsat rdsembiti thepheticd) &tm@tgfb eﬂ@l@é&rel& Bf treatment,
h@@qgﬂsg;ggl oyt net er.s, and especi al |
et ween ab§% H@nggl%ndgnogg%teéggc gﬁf TARBTIESs, 000
n ach of thes mer scaffol ds can
O T 0y R PR ROl By R heRe PAVRY nta! Bpasessoim be used to

compqgse dhave nﬁb;romslmihyra& seaffoMe. 20fibRIBA b inbidl!
trl ? 01 13] A var élt fﬁ) Bné){‘rﬂﬁomer or

subuff! EBESLL U an mmirices. [01 12
rom sYHEHEr 8 Hry/Per pctancid rsg)lw@@sormhygjmm@md @n be
ut111z@qu§)ﬁgm Ibd'm@&tfd'epm Eﬁ{ﬂo mtlaétq@éc f(ﬁtﬂﬁ? néhgﬁb%?s or porl]y(glycohde)

(PG Ogg [gone nomsr or subuni't
. acc't]Ul or % a0 brogdefrom sers then one pmhg:gbxymodubamt thus
ormagi e s lﬂa bl t PLA
comt? IIyf_}yAé’Ifdﬂ}dmr del;p PL Lstgngﬁ%%}b 1¥ g %&%o 33 (Oa gjf lgc%cl b‘g?nd be
¥, hisplipavid o ppivehobiancidite cﬁomethasw@polfymnpa@mcude-co_
glycolidan(FRIRGA JIDO IR Eorly: B LR WHy % wgcrﬁx%nm ion gxbillllcf;l pé)@j{d ﬁ‘ln?ene -co-

vin 121%1 gﬁ)l msr et c. For exanp Ic or
Y dhdn esmlHEg @H‘N(’ﬂhﬂ@i’fy&: Ebércoagirtbeos polymer or subunit which

oLy (L Actl descobl Lo QB IR o ity mer s o

(
polydimgthylsilopane ﬁQlé(ﬁtnB’bﬁlquhnblm@dy&mé }C()Hhi‘fyﬂ eRenkO YibfoHebtin, elastin,
algindé, Oﬁﬂ}ﬂl %yalhfbn‘?t? a&d eﬂ{FBleé é%ﬁgnnsb o Hiers gnélcgrghﬁép ons thereof. Tn

conpri ses ynmer or une P
anothglé@@@};é@yfq@qdaneral (1 ﬁhat qou:nmfsbs/asd ﬂﬁferﬁlt@@lﬂﬁérg ¥t §Rinits which

are m@fﬁbgt% sefé@ﬂeﬁqid??%ﬂ]x & ox?gpyrﬁsﬁg é/(ﬁy{]%%lg{lg 821?1!54 astin,

si ne
polyd ﬁﬁéﬂ@xanfe; mlmnyhmhur polytysaed, dollfeat Féﬁgﬁi}ﬁcﬁ&%nectm elastin,
i ons thereof. Tn anot her

1 l nb
oLgina e B b8, P gpiides and weminpesehercot. In

e X enp
anothifcﬂxym&fgy @mbsdbmm tesfibdri oohlpalrs@s Eﬁﬁégltﬁfﬁre%? b@l%%ﬁs & QBnits
a ene oxid

hich est er
e aaEIT’ ﬁl&%ﬁéﬁ? %‘Hé‘n a&Bﬁ?@? P@V%ﬁt%ﬁ QPlyaMGﬂerd@e
pdyd@@ﬂth}d@’manbmlWlﬂylabemmﬁ@l“ﬂ}}Sﬁle §$1?&%teh nlamnflhgﬁlﬂ%ﬁg tin, elastin,
algma{d ?'Bhﬂ a ur om(ﬁ aci d, proteoglycans ypept ded
P §rfs1% REYERslyCans. nalrrdpsdce ndnyatlons thercof. In

an exearﬂiw 1 eﬂlfdfddlmantf th?é&llpﬁ&fﬂ&fdlﬁ%%er i flﬁ@dl di- Eﬁa% ﬁ@& nX{L%
exemp(fe{ bntoﬁlts Wi h are nmenbers sel ected

¥ ShaCE Y El?g g3 aliphafis pellyesjtrane nosmie, selected from lactic acid
(D-orL-), Iactlde poly(lactic acid), poly(lactide) glycolic acid, poly(glycolic acid),
poly(glycolide), glycolide, poly(lactide-co-glycolidc), poly(lactic acid-co-glycolic acid),
polycaprolactone and combinations thereof. In another exemplary embodiment, the

aliphatic polyester is branched and comprises at least one member selected from lactic acid

(D- or L-), lactide, poly(lactic acid), poly(lactide) glycolic acid, poly(glycolic acid),
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pol ydi nmet hyl si | oxane, pol yvinyl al cohol, polylysine,
collagen, lamnin, fibronectin, elastin, alginate,
wo pdriogniohyal uroni ¢ aci d, proteogl ycans, polypeQL/Usm®ge7/061253
and conbi nations thereof. In an exenplary enbodi nent,
the aliphatic polyester is linear or branched. In
anot her exenpl ary enbodi nent, the |inear aliphatic
pol yester is a nmenber selected fromlactic acid (D or
- .actide . poly(lactic acid), poly(lactide)
Poéﬁ%ﬂl‘?i%?ﬂiﬁ ]§/@_@Z%o‘?%%‘ﬁ’é@ﬂ]&ﬁaqurﬂlwiﬁlay}:bd:d-_g@’):olic acid),
polyghywidcidie, anf @binblaeioh 8 8res RGPl A6 agtic ..
Inaacid-cobg%ﬁcq*ic aci d) . pqlycaprgf%@%@ﬁégé%%luﬁerorab“”mﬂemﬂ&
ljiegg’%;wg o 1%0 1%11';@ Hherqin S@ﬁ vehetdsrenplider ig a&ﬁ&ﬁ‘déﬂﬁé{&:ted from
po 1é&lel RN, HElyRAN YRS I and conprises a
east one rrg er sel tégg%cgdﬁ%om ag § ¢ %ip(?%pﬁ?nq_gl)’,o‘)l and
complpatippathersgf.y (1 actic acid), pol y(lactide) glycolic
aci d, polyégLypolic acid), poly(glycolide), glycolide,
[011g6) gﬂsaw:e dongltdt fibe)ss pPBK SIS is composed of a single
1Blos BBaL Ci rol actone and
oD ng%I? c% (sa ﬂ{ek Ceérrneco) lr‘\)ﬁﬂtg (ﬁ)hqv)g&féﬁﬁ}’%&teé acaffpld iy ¢ammsed of at

leastgpoathytem fmireoufies fibdrs am SXetRhRLY, e@ﬁﬂ?ﬂ%&?ﬂpgl’e We? 'oP fibers in
rom

j [ Kk .oxide is a nmenber selecte
thcbfgf%{“sse&nq grnsecg%fgrdg &S & IRt fgleeRd figny2 & 104,806 phnomydxenslary
embeditet, tixohypsapylees ightyEabroal i ' t her eof .
ol DI odg RO enbgig}i:nent 5. 1 pEoBeE: Sﬁ%mégﬁr?el?gmger selected
) fz cartord” iR A SApgRkYy sRbadiersn the punbennidileTs inbbe fibkius polymer
scaffotdeds a ershadi sEBdtEd foRESE 0B ’ fpld is .
pum ecl),rg@%%ed of % | east_ two, t%?g)mogg?,anzé%g%pv%y F?‘%gﬁi@em’ the
A CARPER S rousBelames seaffalfieis pumtreberaklebtddet@m il to 20,000.
In antdxemipiday eniBoPidteBREe 56&H |.S: er. selected. . = .
%ronk% to 180,000. n anggggﬁ% %?@hgﬁggﬂFﬁgﬁg?mFﬁﬁﬂbkm15a
mempe §eigctediram ha i 1i090t he fi brous pol ymer scaffolds is a

menber selected from2 to 50,000. In an exenpl ary

[0113dnpbl¢ fbraus pelvsnanspasférldohn boerise & ﬁ;b&’(fjtﬁ”f alt ilé@t"sf;%&%oc(())(r)n%osition. In
: menber se ed from 50, 0
an exﬁ%gl/dg% %@?@H@%,qﬁe ﬁgfoglrs )})ofbéfri[%e&j;F COREISE grBeRbesfof different

n an exe

typesiaf fibess, p thisenribarosis mpmibemeelestea ot i, in%0 ANPRITRRE, five, six,

severS SloBE LS £, 10 to 20,000. In an exenplary
enggdinentﬁqt'e nunber of fibers in the fibrous

ol r ffolds is a.menber selected from15 to
[Olflfj o%‘o%"[h%g %éﬁmprlﬁ%’ TR Ementy e fikar o8 Saeseif dhefibrous polymer
scafiald aperhisdegradablee rinchotier b 1 | 1] g
et e ) B onn oy s e f 2 fbrous

Ly enbod;. ,
E?'ﬁ%%@%ﬁoﬁpﬂ J8rerdhls pelyeers. t ppesthet exdrtygng;, eraldliment, the
iodegtaidsblapuiyatcrs SorAp IR MBLNSSL P o three, .
and %8 r t&vséxsix,pseven,n;%gﬁ??ﬁﬁf%égg%%Q?SﬁP&%ng%ﬁE*HCamd
& n%llﬂ%ae‘il e e pxemplay Aehedinens the bedegrdfilbpolmats are
poly(laétec ddidyy NIRRT D GRlaf ' able. In
pdﬂsi(gm&ar y elr%od iancgrh?{yﬂ{eﬁ é@#%gg %&g]fre{l ﬁ’é)degr adable

ol anothﬁé)ex I
polymersare Sh &%@re Seniovet 8y doniBPisier bliidelgisadaih @s poly(lactic acid)
and paIo(YymIis acilif BN eﬁéﬁ%@é%bgﬁ%%lc, rﬂ?onc}e’gratcﬂgle polymer

scaffolds of the invention can be used to guide the morphogenesis of engineered tissue and

gradually degrade after the assembly of the tissue. The degradation rate of the polymers can
be tailored by one of skill in the art to match the tissue generation rate. For example, if a
polymer that biodegrades quickly is desired, an approximately 50:50 PL.GA combination can

be selected. Additional ways to increase polymer scaffold biodegradability can involve
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bi odegr adabl e pol yners conprise a nononer which is a
menber selected fromlactic acid and glycolic acid. In
wa@emvgroexenpl ary enbodi nent, the bi odegr adabP@&r/US2007/061253

pol ymers are poly(lactic acid), poly(glycolic acid) or

a copol yner thereof. Preferred biodegradabl e polyners

are those which are approved by the FDA for clinical

use, such as poly(lactic acid) and poly(glycolic

i.d). In another ex | ary enbodi nent, bi odegradabl e
Se]e%ﬁ%/dgﬁrgPregq AR %C@?O?Yr;ﬁ%r @%‘V"‘é"ﬁ‘mm rebietipdenssgyicdly) decreasing the
molguiateveigte ofticDIgRBE Sk Hidhtr BIOMNBE R and
demdiadual 1y degrade after gth,he assenbl yg%h#t o?%te{%tlelaélgﬂél.ower
EHHEO 4 Fa ‘%‘*’&Hgﬁttée BPTOsTiE opBbsrrrisnsity; am hihet potositeand lower
fiberensingofén Bl kd moke thgr abdo Lhgsue
i For e;anplrlget?o%dgﬂa%%{@er%?éaﬁw& In another

neration rate. | \
exen%ﬁwé-@?%&m&mh@msyuq '§ adeghbethelcateddppn exisort iebkie, $85%r tissue,
nervEt§HeCYPIII RBLd ARuE Qﬂ? Flgfl 31“3%)11%0 3161 4, t@glgfile)%%ni? g%raqv\:ﬁyo%ﬁ;gnt, the

. .increase polymer sca I odegr
biodegridiiebbions beuitplds erorte typd tophidt ite: reopmbysRkis(drehgineered
XBTRES arRQr |.vcol,), decreasing. the
ol ecul aar me%{glﬁétﬂwo(fe%f%dg ol Jﬁ/h?r?é‘is§e Ctgy H?&Wgﬁ%b ByQtukes, and
skelojpdimgpeledissen nmeans a sl ower degradation rate, and
changing the porosity or fiber density, as higher
ﬂwww@gw often |ead to nore
t orpti. nd.faster degradation. In another
[Oll’g)a(le %Epl? gc?IS mgﬁ_ﬁ%dgf%?f"t ey eption Cayy beprodugediaryarriety of ways. In an
exempéirg etbddinicnm el p6lyend: s&Fd MABEHRAN A 55 Mo HELYE
Electhds3 848, SRinal cord tissue and skin tissue. RO RAOE er
EXBHSE 5 28 AEoT Progers ofieseadreiitatluad fibirtouploits the
interaptiahd bdtd8ec anclBerotat £ GHl e erResi s, of
electrentgjc.nge@refg scul ar tissue and ég"?‘g‘éﬂ%f @&gégﬁe Y Epal
PhE"ags FHP d Ryoimdusting fyidteibe s semndilsteglodfmatr solution or a
polymatsadle), & baspefdedVRinitads ' | brous polymer .
dronSGaLf Ol d ,"[5%11763_ The ofo%%ﬁé(gogglf @’o‘li’féfge% a}er?é“%ﬁ%ﬂf% Rf the
TOPIEAR heAyblydne sth the glogtitd Gely. Bleowaystic bongiRatesediRLAI When the
electrostBOEFHERNG strddeerd d can be produced b .
dron & ECH ro spisrqn]!kﬁeg. gglb{g%%\rf%gtg%%ﬁllensénﬁgeg S’é’?é‘%%%%lﬂ‘i‘ﬂ%- The liquid
roplytBeelaccoptes angablgaad irigyfibUs ¢jestuddomXipd Qirfde bihe droplet. As it
reachéd¥ SloaRld PRSP ctrpstatic field and the o
- cong{mt_i ng 1fs%eu’i_%%l. éﬁ‘ﬁ]g\% %( 0elfr%ﬁ A8 PBAYPEOPAsGted Mrkrantaining
relatiyely fppijcegmeld dignmterdfibersngh kesuttingetilens, (oBnfe8iPrarflis) Bbf these
d

small BRIYAE 104 ti) okyner |t), a suspende i

ma, coni cal dr %)Hef\)gt r;é’fafr%%r &néga?ée \%e@gg B’QP”FIFFerage"? ¢ gnplbperegizes. A

detailegt d%srq@pfmro@ﬂp dectiospinmirgrppiphidns it Broviddyl el BCHT IF6 fymer
occurs when the ’

ehd c. ataom zatio

O 4R GOV RN L. S stioh 600 ek ik

Biomageridla @803, &rs (20D, 4577t 8fe AongLikd Bia;ﬂ@te}*i:kz!}lﬁ()@ngQRb@)% ﬁﬁitﬁ@. After
m e

| . le and. a tiny jet is ejected fro
coonBGRRE, WS G0 | Sk ot pomrs. To
modulpterfifesr organézatiah éitb aligtantibeus pblyaet 85 R3dA /e use of atterned
electrddal %&é’é‘r@e‘:t Zlf ¥veb containing relatively fine, i. 8

S T RE e gfec qr§,k§)érp§_st-grﬁ@esls@§uﬁqthﬁ@s fuch @s upigiial stretching has
been snerebsfaneBjngl KomBbARARIals 2005, 26, (26), 5330-8; Katta, P., Nano Lett 2004,

4, (11), 2215-2218; Li, D., Nano Lett 2005, 5, (5), 913-6.

[0118] The polymer solution can be produced in one of several ways. One method
involves polymerizing the monomers and dissolving the subsequent polymer in appropriate

solvents. This process can be accomplished in a syringe assembly or it can be subsequently
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smal | dianmeter fibers have very |large surface area to
volume ratios and small pore sizes. A detailed

waemcodq@di on of el ectrospi nning apparatus i s ppOVUS®A7/061253
in Zong, et al., Polyner, 43(16):4403-4412 (2002);
Rosen et al, Ann Plast Surg., 25:375-87 (1990) Kim
K., Biomaterials 2003, 24, (27), 4977-85; Zong, X ,
Bi omaterial s 2005, 26, (26), 5330-8. After clcctrosp

extrusi on and nol ding can be utilized to
load @rr{]ﬁ W]g%%?%ﬁn{hp{e thﬁgowvmg PHICéa$m@e¢>mmer01aHy

avau@bgammm @ilutids @r 3bmeeedally
create e use oﬁ ﬁoatterrﬂed el ecztir ogd??glégﬁq%lé%g&%r%ﬁgo fn(%@em to
o r%rg?r Boass Fﬂlﬂge%m%d)@% e b@thwd(ﬂorllel@bﬂh(lemmgton

DE a 200
i e e v
15 Balymeys §B1@1mghﬁmoALét&1g®@%Ldr15h (%ﬁLoulgi[Ql{ﬁ .and Poly%c1ence%
(Wal[l i3], Pﬂje d%ﬁ’érxﬂﬁ{u a':@tk\llélas 1891u‘d‘?v egtelp%i;.gﬂlfg??lﬁ% Pﬂgrr;?qqg(Pelham AL).

several ways. I nvo
Addlﬁ@ﬂ@,-@rl}gngrn@dﬁplﬁmmongntb hétl&ubsmid)ﬁmuch% Y ORS dﬂ&blomoleculeb
d

are aRBROARAL By %%Na%r'igoﬁom DbiRL 258D %}E@ggra zé’?fq"é?é's'ai@&

in a Syringe asse

Camlprmi&%Ilggrswﬂg,é\d@é,s&gbﬂa%ldﬁnﬁtwoiﬁﬁi tmd:klyrmgl N§E R&D Systems

|aII .abl poI nmer sof utions o
M Hé??? B e ircaladono o Eranioo
For exa PLLA can be

re t1gns.
[01 légur ? g glo %SF‘%H{‘ tl'(evgql}ﬁnﬁ@at% nP(t)E)ﬁI‘bt dissolved in a solvent. The
solvep’od:eyl(lbeamtyl s(dﬁ&v@@w@ic&iﬁ@ V\L]I?l@)e (S:ﬁﬁssl%@wﬂé‘ {lﬁ:}?yzﬁﬁetf ﬂlSﬁ%mers and/or

Subuxj(:i% K orrerwll | e Bi rm ngha
He a9 ymgi' @1(&1% %ﬁplablﬁ O(fSPndLlQ@ug Stnd Wﬁ)lg&md:trospun

Typ1d§xbsg1$mte ﬁtme(avm;wénrﬂ d180ed RO N mer y %15% !E'Jr%%at&ﬁ?e (BMp),

Absor babl e Pol
tetrahxgﬂafu ﬁaargi?ﬁ:édp?%lpng elalpflép,cﬂlgmﬁ@oﬁbmcé lfxaflheroisopropanol (HFIP),

chlorofovia/ive@R and bHbASHGRl theregPd bi onol ecul es, are al so
conner0|ally avai l abl'e from suppliers such as

[0120} nVTﬁéé_%l%egﬁgr |1(9h&9%é3 1 1y, ﬁor?%%} m‘t\/\qpl‘:(ﬁ: c%il)els lagag‘g:ess charge
effectég §qc§h@ e(qbp ﬁ]@gg‘pmmryn g M@cgssAmnﬁﬂ@’kmﬁéb]eVﬁ}s inBhAE ®&Cl,

| pol ymer used
KHZP@é’qft%?iﬁnG? hlg%ébf(?? rr‘eqr% 83ch fIYIgHi‘ N[él%% ?agﬁscg 6’11%%‘3% ‘:’thaebe salts.

| t can b |vent _whi ch
01217 2 b0 Py ERac ot bane Avisonitl srgmeiphave a polymer
concegﬁy@tmn ingharmhgpo6ubalitngo abp SR %5 g’ldilé bfb{?el%ﬁl?%hﬁt ol about 60
| ca

wt 9 C ctin d. bein | ect rospun.
e RO R Ve e B FYeo%rY’RPQQJtmlﬁﬂtmhgef of atmni 6@ to
about (zmynPat)ésmhi;eqfrefe alfcLitBDo &TEARY B0 s W[g%“ de,

di oxane, ethanol, hexaf|u0r0|sopropanol HFI'P) ,

[0122)c hiIToe @f ke ﬁmto@éatémﬁ tﬁ@@i@&@ﬁp'nﬁﬁﬁo%{n%%és% ﬂlac{;gtl\rl\ﬁi% Re In the

ran gf mer SO uti on canotlo anas
£° %‘%&“éé "‘éﬁ @%é&@éﬂleﬁ@lﬁg@\/éf et prbfsereﬁtay mboutdideo abeut 50 kV. The

feed reté BE{HQBR gt 3
efe T ot ge Elaﬁo’éﬂrféghﬁﬂ %ﬁ@i&ﬂﬁ%&q&& ?ﬁ:?r Qa 11%@%52&%@@112 the range
of aboy % bew d060 sricreiisers/mes, rocbretme%elb@ahlicﬁli 1 to about 250

microliters/min.

[0123] The single or multiple spinnerets sit on a platform which is capable of being
adjusted, varying the distance between the platform and the grounded collector substrate.
The distance can be any distance which allows the solvent to essentially completely

€vaporate prior to the contact of the polymer with the grounded collector substrate. In an
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[0121] The polymer solution form ng the conducting
fluid will preferably have a pol yner concentration in
wo b@7ogmege of about 1 to about 80 wt % nore pPerf/EsnbT/H61253
about 8 to about 60 wt % The conducting fluid wll
preferably have a viscosity in the range of about 50
to about 2000 nPa X s, nore preferably about 200 to
about 700 mPa X s . [0122] The electric field created
]the gctros inning process will preferably be in
e"e’i"ﬂ &T¥ 8‘??58 ’8?3“86 i distancs cam ety g kam 6vds ow. @or)zasmg)ﬂe distance
betvipdenftRE gRtundededitecl? stitaROMd RY RlefOI[-IE ngr%ﬁ? gr acfucas shmner fibers.

the conducting fluid to the spinneret {or e
0124 | | 1ol ou
012 e PR e o B8 Rl Byt s Rt
me@%@%ﬁmttﬂcmcétosd motor, oﬂt@ﬂiﬁﬁ:}ug\]l\ihhaedlﬂl cglcg. an gilmékér?ﬂ%@ embodiment,
a pl at m, Whi ¢ s _capabl e of bei ng
the SHARGRE: Dbl felrdd SERCat thadd ST R gt (pm) to
abmarﬁQOtrpm dn @u@delﬂiplaﬁy bbb dimeat) bisd 1t 1othN6n HRHITGEHFRR about

n nce all ows the solvent to
Oogﬁ‘é ?atﬁba Seitrs] %i“‘é% TSREpIIAY nhodgpent gthe motetyitation speed of
bewwﬁnmhempbﬁmmﬁwamﬁtnaﬁ@ngrounded col l ector substrate.

In anexenpl ary enbodi nent, this distance can vary from

[0125) c rAdditidd] eMbolRedRASH MO8 |
round(f collegtor substrgte g%{ %ﬂ@§§f§$%%ﬁ%ﬂ%glﬁgmmsand
am”%%ﬁ%?ﬁlﬁ§ HheddisEdB. t hi nner fibers. [0124] I'n

electrosplnnlng cases mhere a rotatlng mandrel is
H L rn ’ ﬂb >

0 t 'r huck. n exe
[ 125}) grh;e npg{)] &Hes#g tg%?%}lﬁm Iﬁ%rlmr%{lﬁ Bmﬁiélﬁ%q @Y e]gi:tr(gs%érﬁg%gjwﬂl be
affecééfd l@é{hpmﬂa@m mgchapial ptoperticp@f the ddtitct{dgfididt The conductivity

X nment, the nptor
O N
compqipmds.| hemeighetp- kf@dmﬁylnb : amyc mgba?le?'ﬁﬂﬂl,e qoﬂbﬁnégﬁb?ftlfn 6:&11 depend on

et.ween. abou m1to_abou
= cor o D R R Fhq GG Bippicisr <Ll S5REe Resienoiscasisy and
viscochestie belutviarsyfithe flog) pid 61@8‘@10&1’1&0@%% &L HScidh & density and

rlb Vari a
polay e oy %F@ﬁfﬁ DY addipg scurfacient taghepelyther solution, the
fluid [b@lff@(ﬁj teﬂ':hen paoperddues, 6 tHaf enel e@&iﬂcﬂiaﬁg HIRRLA Ereﬂueﬁlce the jet

el ectrospi nni n be affected
Shapg{’ P%fg O?‘r%rc%‘éﬁﬁegﬁﬁngﬁ Pgﬁ‘éﬂlﬂ‘é‘ . 33y eqwlive ﬁ@mngmgump that

can cbhﬂm)ldhe Tloer meneltiet bivddn¥taff prefir£O ¥ BBhHstER! ﬂ’c}v!/? e, 4R eRgct of
d by add?ng i oni ¢ 1 norgani c/ organi

dras caII change
V]SCOS]C%B hﬁd@“ “leﬁ‘é’ggg@ﬁé%’bb%?‘ber%ﬁ%am c properties of the

Elecl OV YIEL sol uti on can depend on a conbi nati on of
—i&éhﬂ nand nechani cal properties, (e.g., surface

[01274]eNE QHdthef S ehavi.or of the
R pe RRishoht g‘f}d"r}r‘%‘%‘éﬁ k‘%ﬁh’ focd 5 AOCOE IR 4G sy
inventing, th g fpragsion nrgcess duties élbclurmjs)alnlﬁmg isefuethgd reﬁnélyto provide

better@hidgoforsiet 3G aflsidh o D0 lp¥(r>r\§1cr11nséoa clf}alrgog qpmneret and a ground

plate, as discussed above, a positively charged spinneret is still responsible for the formation

of the polymer solution droplet and a plate electrode with a small exit hole in the center is
responsible for the formation of the jet stream. This exit hole will provide the means to let
the jet stream pass through the plate electrode. Thus, if the polymer droplet on the positively
charged spinneret has a typical dimension of 2-3 mm and the plate electrode is placed at a

distance of about 10 mm from the spinneret, a reasonable electrostatic potential can be
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fluid surface tension can be reduced, so that the
el ectrostatic fields can influence the jet shape and

wao b@7jerof | ow over a wi der range of conditi onsPCBYS2007/061253
coupling a syringe punp that can control the flow rate
ei ther at constant pressure or at constant flow rate,
the effect of viscosity of the conducting fluid can be
all eviated. Electrode Design [0127] In another

nbaodi. ent for. oduci ng nenbranes according to the
deve ?It?se’ger][?‘e 'Sﬁiwﬁ{‘ﬁtgﬁ ¢ hefieqndhe v plgeirodespmod es@madthrelem@trostatm
pOfCﬁﬁﬂ%ﬁmSlﬁH AMP v SHB%Ifaefhe r@sﬁﬂ%ﬁ%l&@mg %%ch s re gd he

ff ont.r ol (fr fiber size. |Instea ner el
su 18}?31?1& é‘ao% ke %C%Wl@l@ pgnessp Bt eryiag thie sleusls@atenual of the

spinAdel ehe jt ﬁ@ﬁﬂaﬁbﬂ/ A/ b S BHLORq SRY E&}%_Et%& gﬁfﬁr&f lellggqrcaﬂel i figuration

responsible for the formation o
shoulg gispidy resduge ﬁlqmeau@eobamxmed pd@nﬂmltdn the spﬁhbree Kotn ic@ﬂy about 15

ilo ca. f :
kil \}d"tst(f@@) 860h €S H}Iﬁ ﬁl)?(rsa’gg 1 ’ro ) }KkQ/r (6?18‘6“612)&?& gi'q?rgagﬁ%atg gotential).

jet stream T
The pyact spjangret pasented nequired fdn’mtm]l@ et tfdsxmwﬂoatvemeiePsﬁd SSitre

lecthi dropl.et on the posjtively charged
° ecspﬁeﬁg?{gf 512&08 %lgye{tgglsl’%ﬂ’ﬁ%ﬁ(g’rdﬁﬁ g Elds nm and t he
ConPhP} 2.8l Iectro le |sdp aced at a distance of about 10 nm

| e electrostatic

[olzp]ot &nbicth efehed%mi apgsht o8
WO eTlggt ; gg o ol o St tha'?&{ﬂﬁﬁé pgﬁe?géa%goqggmﬁg present

m"en“"tne rﬁe 185 Suesm bfdéaomrwwéwomm@% rLhetj pigstreamuiassing through
the pﬁalt@éiéd&trcﬁ‘def dxel 1616 1o SRAIRI CHal g D %ﬁ%\gh‘iﬂu@ Q&L%{aﬁ 2h¢ 28 dency to

ect I NNl N rocess
stra1%1|?%1%§eff£ Bltge{[.} gpvl@pu? cﬁgerggl, qim:jmgﬁeld mﬁmemeﬁmamt wdil soon
becoﬁl&ﬂnﬁ&bl‘é@ﬂﬁt& @Jaﬁe%g)r?n@n éﬂkf‘%&ﬁﬂ g%éég%%ﬁ sgleaen% %odnes defocused,

1confl uration should greatly rée e req
resultime i 188 ofgromirol averghe WOWPmdena@omptwmbpahbyof the fluid.

This BBAYIlitE2ak bl 4RbF3 Uyl 193}4# Qg%futﬂg cfe 1§P§3 Bré%g & eicgf)sie 1nqaﬁgd1ately

to 2 IcV (relative to roun
after theplate §lschade and pé@reﬂstqféftquaﬁmmpae@ﬂ plate eﬂéc&ﬂid@s | ®he electrode

£ he el ectri.c/ i cal
asser ?%ggirdtoﬁ'g)g\é’gé lalegﬁ'g égg(ﬁ) ,Ptlhé pEoobﬁ: aeu%‘it]iolﬁia anE P afe&lﬁc;refi%% can
cr eat?l%’fmlﬂéf@éﬁ'éffdtutlen cd bk cTostmiporttatial afonpQha Blral ghpMighhedih. The

accelﬁﬁﬁé@ﬁ&t@gtleﬁqpm% pflgcrmé) {hﬁg)um n(gtglg oY I;q q?pgﬁ{eﬁ:cgcglt about +20 to

he present I nvent’ on,
+30 ké/[ ajlg)vs ﬁ:]@;ttag@dtﬂat(_gmmr[djlbdteldlal)T\hEﬂd: e B40t@9ANiP @ﬁéhﬁﬂ of the probe

t t e oIe IS positivel
electrgﬁga r g%: atc%? ci 2 ﬁlgﬁh?/i) é) tzlg qﬁgg egtrods\basp @9tepgal 1yhe composite
elec’crg@qsaqrg bapahle Q&@llrﬁfel:cing thegetf dtﬂe@ﬂiitt_o aVMeEﬂi*l&lﬂ{al é’e)étaferban Ale comp051te
electrgélee&a%bilé‘b l.f;é Snl%ze%qg gjlaglgl’,tmgé%}% tﬁel Jgt gfe}qg}w %pggf)g?ng@g %lectrostanc
potentHathgget sttermancblesniorss ek as usetting ﬁ%&ﬁhg gaé Ratn@5 oPlhe
formca%m (% ver iqhe nm croscopi ¢ .and nmacroscopi c

biier (6T o i RICHTOTAGS Dolenal vasieion Phangos the bestream stability,
and thnemfmwe«zbrb@spdﬁdlﬁg cRarR5 &f the |y ?8&%&9&@&&:{63’9 £ beh8Ed 12 scti?qnhze the

after the plate electrode and a series

new Jﬁ‘(tggﬁaéﬁ § QE%C@ picLea bg luged todirestunggad & dungode fiber diameter

during the electrospinmng process.

Jet Manipulation

[0129] In yet another embodiment, the jet stream can be focused by using an "Alternating
Gradient" (AG) technique, widely used in the accelerator technology of high-energy physics.

The basic idea is to use two pairs of electrostatic quadrupole lenses. The second lens has the
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assenbly (or conposite electrode), i.e., the probe
el ectrode and the plate el ectrodes, can create a
waniof7ovardi st ri buti on of el ectrostatic potentikdT/EEINY061253

the (straight) flight path. The accel eration potentia

is formed by placing the base potential of the

spi nneret at about +20 to +30 kV above the target (at

ground potential) while the electrostatic potential of
obe el ectr be adjusted to slightly bel ow

sam% ﬁeorgr PLC @rrgp%%nﬁrg ﬂm@@t }?B? @’rﬁ)‘hl aa]]eve%(aé’r@m@@aj@mc gradient.

The @bamzelgdﬁsfgaﬂ ﬁet@&@@h'vﬁllee fo6ded &b} Bk e;flg Cl{nrqfcl)% LR é SRR the first

1 g i red et area. The conB05| te
ens é’i‘P g“%’é”edf? ocp ntﬂi’)e Faniepe pheethe h@cojnéﬂensst rIEmmot@ythat the z-
dlreai’b&lﬂ@pﬂégerﬁ@@ie@h%@&&rp& ﬁﬁ'é'lﬁtlgpllfl? %ﬁh B&Eﬁyiyﬁ}bg ?Sfar F8M a1

fceleratlon is altered resu
triang{esshaped Wayelpra te thrermﬂerp@ll pmene bf thepairT bf the quadrupole the jet can

be sRERGERS | &t es t he
e L Rl Bl kST o G2 8GR b genen
Furthggmopg vadhpegingevasicbaty ofthe Cﬁﬂ?VBebéptblSﬁtﬁhlI Fy) d&h@'dlﬂatté@l on the target

can bd@rMEW j et stream Such a procedure can be used to
fine-tune and to change the fiber dianmeter during the

Elech) nni Lpcess. Jet I\/Elnl pul ation [0129] In
ecfoShibihf CLOLES, Wrt BAKES st ream can be focused

(0138 Llfécrqm@slam Pdkiilﬁlef fibdris @@n 6k agdpRintd ok AQatibs rqu@mng substrate
ccelerator technal ogy o '

tn enfb 38 Rkl GlEG R hePe ui i the obans depaiton of
elecq:ta;pns fibérse Memxtﬁ@trﬁéﬂapnﬁﬁ@t@[ HRYULn lu?é!ﬁcﬁﬁmg(—r Qct?o%ﬁ%?ﬂxg A

| ens has thesane geonetrlc arrangenent as

rotating fhetg) pandgel, C@ngsgéﬂdc([ﬁl 1o8r tepositioploadhe purfapeaditentandrel, which

can PTh@q@QSUOhdme Whes ﬂ%ﬁ@fi’dﬂeﬁs reh b &N (‘?'érldultg %\ighocc }‘CSU% reﬁgal fiber
ali n{%‘a in the xz %yane after th I rst
Enpien By ale g R uchd mefifiies Bis methoend ectannlg ﬂmrmandrél ata

high Bﬁeeﬂqﬁﬂﬁb tohdt 1F RRatt &ﬁﬁ{s' v91{i]h fa’f‘%é c%?&g{e% gl %Iﬁr%nused as

e initial flight path
colle?tpy gﬂ;@]:r@te§ Wﬁﬁféﬁ oﬁ\m:@pﬁﬁn@ ahmdrﬁhrelm pcsljymeﬂsdaﬁfeldsfmay be
prodiidae upah EStiA aﬁ@?erﬂé‘ﬁqg%o({lﬁ%bs&e%ef el 58 %{n?:giscag%%srféom the drum.

across the arget are omnng
It hasprewepsty Reest shoren fhat p@ﬂneag\an Eurrgap eélncrte) withiM 4 ftaté@ayy B@tal
eMEVRHREIN B te ired pattern
core on the tar gg%lg%aonﬁﬁgg%mﬁ%émq%e qelp dﬁar?r?% thega @iy Wang
Y. LoywiSian Yu . fefectnesmerons of BU30EriELed UeRapieNDRYNBORY st 1R8L 511y

Alionban S ti or,_ rotatin
g ARG MR Gt 9008 AT b o et (esiip se deveription in
Li, Orgﬁﬁwhé@rﬁlm eﬂfabnpattr@thrandiﬁmgdlelﬁﬂ%ohd&bﬁb &frogd gz@%lragggﬁhgm or of
d nmandr e as .been use urlng
lreCteS} gelg’%t?% £pl nlﬁgit @otndﬂ% ?ls iCRGPHT daﬁfqﬂ%‘ﬁmdéﬂa“é’ d fibers.
a i ber de 3|t|on on the surface of the rmndrel
[013 ljm %Q“W&’%ﬁr %S.I’S&*ug’e? IVEBIRadRE Ut Senmethed te pl¢ppsris aligned fibrous

polymoe mafﬁr.lds @om ﬁbtafn’n?g Miahdicli TRATIREGRI A mb s*%ﬁffofa' %?B@Qﬁgncd in
an One B uced by nodifying thi’s
y atgqnn S{rﬁ% ﬁgl}ﬁjlllsgr L} ajyexemplary embodiment, the scaffolds are aligned

in an essentlally longitudinal or essentially circumferential direction. The fibrous polymer
scaffolds created by this method can either have a seam or they can be seamless. In an
cxcmplary cmbodiment, the fibrous polymer scaffolds arc scamlcss. In another cxcmplary
embodiment, the fibrous polymer scaffolds are seamless along an axis essentially parallel to

the longitudinal axis of the polymer scaffolds.
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hi gh speed (>100 rpm. If rotating drunms with | arge

di ameters and/or | engths are used as coll ector
wGaaiwsnyEdEes, sheets of unaligned and aligned fPOr/os®07/061253

pol ymer scaffolds may be produced upon cutting and

renovi ng the deposited fibrous polyner scaffolds from

the drum 1t has previously been shown that producing

an air gap (hole) within a stationary netal collector

| i gnment of the el ectrospun fibers deposited
[o1 i&i rodg nPﬁ] g%ﬁCté the mﬁnﬁ(’%ﬂﬁ@uqﬁs yniquextinandryls tivt allow for the

eleckbgiiding pfmmgss% Balsy sBihie [ hhers
Unll axi a{) Oféil i gned Ar rsg\ S. l\slasﬁ%ujetig?) gg‘stscargi% S (¢ é‘jds i another
CXCIp ARy GRo %%Wémlesﬁ Rerditssseamlebe Sidlei pbnd:mtm and lseamless rods

haveldn @RBAEL ﬁb@ﬂ &%ta‘ﬁfonf rﬁl?ggn Gtk 69<%m|pt11r 5% %I g’e 15'9 tple fibers of the

conduits or rods nent o
seanypss Qopaui, ﬁ@ﬁmlg%%c@t@mqngum alrdmhambmp@@ﬁde @figned. In another

i\ ypald £1be 0 | n _anpt her
e a%&glc%n%%td@%ﬁnt/%ﬁte fglgﬁeg? Rt gm#éf }%lad EoRereepd seppisss rods
haveaspcgwéﬂyﬂcpmmdmabp llignrd Slomf.f ol ds on a rotating

mandrel. These fibrous polynmer scaffolds can be
[0133] | gmenlother a;pyctotthle émtentibe it Hels ﬁﬁﬁlukéxfnafﬂa?elyﬁﬁ'i alldw f@tnthe
dcdf ?qg¥ ﬁ ment . the scaffolds are aligned in

Vmil b]ic?ll%fmcd&pn@ggseﬁﬂp@p@gdmts and rods. In anothcr
exenqﬂuwmfﬁmd&nmtaihedm@sm edlly HRGed oK
- ]l:,gs ntiplhed Eg/ 1t hll fly 1o hgd Cacﬁﬁ'tél Wgyﬁduﬁs and rods have
w3 THEPIEA & deetheresmplary smbedinpliahy fibers of the

monﬁﬁh@dllﬂﬁiﬁnedtoﬁﬁdﬁltsb HOd® c&%ﬂﬁ%ﬁd‘? d’:IrQ LS, & Gy aPot[l)lFr ¢remplary

b s. |n _anot her exenpl ary e the
om %ﬁWWEF espopqlghigally, famed sanduts, flloh gOIthltanné rods have essentially

longieatenly Alghy¥d paEal | el to the |ongitudinal axis of the
pol ymer scaffolds.[0132] Tn anot her aspect t he
ow for the

t
[0134]NVENEA %ﬂﬂgﬁgmdﬂﬂéﬂuﬁe i egldsr piLa %g(éécmt potorsassaual]y that is

eI ect rospi nni g of seani ess con
capallg ﬁﬁmt@@%ﬁhd ngpagpd] @bthMSngIM1m akige n eeedI®t@sYinning apparatus,

he 1 t uits, .seanfess filled
e T ondui tgl)s?&}tg}n gg(guanr%ri?gégég H ¥ P IRLT gﬁﬂ%‘&yﬂebé@uﬂon 18
deliveyes] énthettipoof the ﬂp1amﬂ:)‘bmd 19X:leil’gbcaby a@Ihed siN ., Thd€lectrical field

t on seam ess filled
ccidd 0958 e S BSETLEER R0 G mptaion s
tip oféhfemhwyt terﬂmni B jEn tThetJdS’tQ;p‘ﬁ@@ RbWSS tRORAYELS, THE P contacts
y

and ani e rods have essenti a
one cphdd Rl SO bl e B A Sfonfiis5ayophd aevsittng fegion of the

mandagp@ppsnmg ¢hd fib@nictosna inbalddd@sctihliraLien FRALI %* %f{l{é%andéel This

orthe ning of nonolithicC
result(S:lon rmdt’fo M legab]‘ e&{wﬁ%ﬁ? el%ﬁ%‘e? gashe pop- Wh@mg region or in the air

gap. Bxeoqahag yheandatttlraRtresilng aﬁ‘%‘&@ﬁlbrtaBbH@d layed & aﬁ%ﬁed ﬁb%rs The

illed conduits and rods have”an un

depos%te% gﬁgm&sﬂ%”r?f%f‘? P foqthy sbenserf thg arepileat gr thmamgarpﬁmween the
mandtoﬂﬂi‘ tﬁusffefrﬁln@fa dhb&: iRk lid dpdrfal | cofnagﬂ%?scﬁﬁ@ ﬁ%éés orarod in

other nd s and rods are allgne n ano
8’5% ?ﬁj eﬁ‘?féﬂ??%ﬂﬂsmg the shorfobondhitealrbd wilbbereldgned along the
lengthcafitdel bbﬁ?dultf drirbe qlhﬁsoﬁ%ﬁﬂgs%ﬁ{%gt BHSuNEY Rd&F %hef(])ng%uclh}{ally aligned

I?ngltudlnally
fibers. In #n exemplary embodiment, the conduit or rod will be seamless. In an exemplary

cmbodiment, the conduit or rod will be scamlcss along an axis that is csscntially parallcl to

the long axis of the conduit or rod.
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[0134] In an exenplary enbodi nent, the mandrel is
attached to a notor assenbly that is capable of

WO od0andaige t he mandrel about its |ongitudi nal ar€BUS1007/061253
the el ectrospi nning apparatus, the rotating mandrel is
grounded and pl aced bel ow a spinneret. A pol ynmer
solution is delivered to the tip of the spinneret and
is charged by a pomer supply. The electrical field

[01 qted bg@ en th splnneret and the mandrel induces

e ERRF Wa eé‘b‘fem‘?'bnma”ﬂdqswemnq@elom hieleast two conducting

reglﬁmlemdat Bel‘asttcihefrﬁfn%o&ldﬁ&t TREiohets 3G
The pol yner cont aglt S one c% d&%a:lg%é%regﬁﬁ‘%ﬂed&fl a

o i B CxoP A etepion € (e Teabebit e Hetliot TR 31 and an
exenﬁ;ﬁ@dy%pﬂftmhhﬂtﬁ@aﬁgﬁ(ﬁ]el as 0°f' dl eBa% 1% lﬂ%qffor ﬁ%&i&?‘%rg%ﬁ%§ and/or

on-conducting region or air ga
Condf%% af the ipyentiee is deseribebin IGSI T, gnad, fidEes hdap@;%nﬁ Ay

bR in th ir
sty tne ranrel iRl i Mutdlh BbntPapstmen
embedigpspt, e mplaitetmenber wleciief dapos tetlaibmnas T @ﬂeeﬁﬁtdnce,
reglo%Qﬁ’facUoﬁHEﬁn{ghﬁar? @pc,ean%teﬁtggeerfega Wﬁhi‘;n%t? rgﬁtggfcaall}lﬁ cg}g}p@tmg material.

bet ween t he Tman
An cxepsplarceress sccbomdfitiis inandrohis prﬂﬁﬁ@d‘ﬁf«‘ﬁl@ 3@ 10th &R mplary
sing the sheet,

e o ic J il o
mb&ﬁllﬁ@ﬁt hfast qlnglg&i ?lpye% éldaf?tirlrgg{fggt ip G 1p%bq:req¢@lc]e¢d(ﬁ*om hape,

conduirt or ro
electdend dariet te(ﬂonrdmd ,plashus Iif @fothétgn @asRELnanaRNdM be Blrod{lgﬁgi that has at

tudln d flbers I n an exe
least %Q dﬁ! C?gg '@ I%Oﬁl' tﬁ&%lﬁ &ﬁu?tgtg el wWeick @&ﬁﬁ‘:@%nl.gectﬂ ‘E)révoamnductmg
mandegnpioas. yIrEfnimI@Br listdnce! HorteREHChI1P Eoﬁcﬁféuﬁ\& Ldgi 5’1‘? discrete
PO““?HSQ%%ﬁn g ?Q axugﬁthat is essentiall éﬁ TR
BV [eNsHAR Prangrel regon 1@5?x€mpl@vyecross section of
this nemidosd |1$Tpn‘a)tv1deti|’iﬁ FIGY 8T | AHif6:0 heB: %Oﬁ?&@lﬁ? & 10¥\§ éan i added to the
conducti ng reglons and at |eas

mandﬁ% ril)y ceétﬁ? Flﬁé arrg)é]1 RdudEingyegionmver @ pomnbg r@m gﬁtﬁd mandrel,
or by Inﬁeﬁoﬁmé'dﬂmg aQ{onV\@ﬁf@uct%{kFl%é e@&/é{e ccotndﬁa n%r‘?glons of the

nm.dng % dﬁf provi ded i 3B and an exenp
ndgg Di dg?oqahgoqrﬁpm}v@pn glgc@)(arsg 1fofse<am (apgmfcabﬂSvﬁlﬂpe{ddmona]

spmn@fiﬁglrilﬁibfe&gd?ﬂ@ E[?e?%r%agétﬁ)rn &Qﬂ(?xléltﬂagq cgr% cond uit ﬁ)n teﬁeaé]%ndrel at the
same Bﬁ“ﬁo di RBRFmbPRENGTdhe mv@atldnypwm:hs etmngirﬂamm hidlkast e

condlﬁﬁfrlr%ke gibrl A0k st %ﬁ[ﬁ! éfjelg%%ﬁb ;W 011?] elgﬁ(é(%ment the

er selected from stee
nvenfigp proides aqmansdgelonitiopt lgast Mwondmgurgaﬁglmh arfcBult 1885t three non-

conduCANEF; t o8y gal l.y..conduc terial
d § %@01‘}@ IH oﬁe @lel}' girr?cf‘).rt ?%p]ﬁ)avﬁiﬁs é’qn? ri}rw} %felast five

An exenpl ary cross sectlon o
condupng-yegionspndjap least foxeng- ausryiuetm@ gt , t he
non-el ectrically conducting material is a nenber

[0136k e [le ohe dmbpdimdnaphe irskatidt prodek aRBandr-& 8N, ﬁ?sq conducting
not her instance, a mandrel can

pLas
rcglonp : g d‘fj)(ll:lg(,fob 111|$ggglg{1 ?Délgglt alg gﬁ.peléptgfégl% thedst qxpnductmg region and
the seqpand- Oehémtmgcagioyi Saoll b etanag] 8YHhe Heé’i@ﬂl&ﬂn athiie? %P%&? an
@wnqﬁ%ﬁ m1uﬁ% ﬂ%ﬁ ]ggrel regi ons. | n another instance,
dgpictipn. é ga Bds @{C{Vﬁ(&dﬂ@d{l@ 3iEsangl afi excraiay dep1ct10n of
the mapdl‘e:i lgﬂ) pal@ xf e dpm#gsy%%@%%%@‘a? @?fﬁe' iA9eBAGE Slscribed in FIGS.
6,7, andFAOK ¢ ABoc?imcanth multiple spinncrcts is pr0v1dcd 18 described in FIG. 11.
In an exemplary embodiment, the electrically conducting material is a metal. In another
exemplary embodiment, the metal is a member selected from steel and aluminum. In an

exemplary embodiment, each conducting region of the mandrel is aligned with the other. In

31



10

15

20

25

30

this mandrel is provided in FIG 3C. Additiona
non- conducti ng regi ons can be added to the mandrel by
w@Raoneeo1pt aci ng a non-conducting regi on over arPCT/US2007/061253
conducting region of the nmandrel, or by
i nt erconnecting a non-conducting regi on between two
conducting regions of the mandrel. These additiona
non-conducting regions, if used in conjunction with
addi onal pinnerets, can facilitate the production
an eggm H%\%”@ﬁé eé@h@‘?ﬂdfucﬁ'ﬁg taggorseiitbe meamdradlis @ttach&®to assemblies
Inat SR EIERS AP BEUALTBON, THACLIMENLL AN IES B oo,

mandr el MAth at | east th e con uc ing re
assepblis tq Gash venducsinguesion gf t@gn@mkel alnld emmmﬂdwfﬁﬁﬁotor runs at

the A dp@é’@ NMhiQRaPhRY 'bg%g (ﬁ‘{lﬂ?s'ﬂg{i %y eﬁugggn gﬁt ﬁ 69’@:‘? yotige region of

conducting regions an
the maggrehis conpectnddo dhbsmtiemotar. t he i nvention provi des a
‘mandrel with at |east five conducting regions and at

f““”éa%ﬂélmmmmﬂﬂmdﬂebﬂnﬁ@td @i (U1gmot (h&6lds!dF @0fivention are
’EH@¥Q¥§% ) |€ ﬂﬁlon provi des a nandr el

TSt co n ﬁlg B Polyrasspidolderibe slrqeh gan bypesied away from
the rametireln Fair bo@raﬁt pﬂmegbammsf ﬂfe%harﬁﬂa@aﬁﬁo' Q%Tehec% 8Eth%qgotor

ng, region. Such a man

ASSG EE X nd c nducté
o %ﬂ’fg ¢ CARGLeANTarT BE rpgred. dmsene apmbadimaey lr@tno*on can also be
accoﬁfplish@l m&@&&inebﬁlgf)ﬂl@%%gelhﬂ e rﬁidd"ﬁ;olaﬂgo ? %g i alohduit. For

ictio he nandrel as part of an appa
rod qu‘i%&awgf ]r%édé‘e &9 £4EDS Predest 3wy fremdbe oretdledds nftlEb @sanductmg
reglcﬁms Tn scs’vlnl‘iél 1n%ﬁmcéﬁ t&nﬁﬁgﬂhgﬁfﬂhe\g ggsﬂlg%lﬁﬂeﬂ wﬂf’ H | ner gt lf{lesultmg in

r OV id descrii
Jagg enfl RE cRdisetitthe pelymer serfblid t ngom&lt}e theaéndls ®f &he polymer

scaffHﬁIsQJan bE BuBRQYrH& 10 RXE @%ﬁ?ﬂng g,i%?ﬁﬁcigew%th len Eﬁ1 ﬁmf essen’laally the same

menber sel ected from st um num
size. ekigss1ing camberiitvdien, the pelyneo seiffitld isprr the meahded], difter it has

beenff@lﬂg{,@dfrbﬁtgé hﬁﬁﬁx@;l"‘" th the other. Inan exenplary
enbodi nent, each conducting region of the mandrel is

orsft | asbeRg agne Tt s sl i popete Aot g oL

altennewenowmﬂbbﬂeeas R eeamh]e(;ﬂﬁ%l%lss‘@erﬁlergétﬂed%hchlﬂeelther alone or in
runs at the sane

re d ens I each notor
com BBt B ob Bl it oo s st

One madimdcmmchﬂdtmm@ sa @b @t flythBesIMRaal QJsﬂlg a0yl ‘lfngfa‘? dorlQnt in the
After el ectrospinning

37
polymer so?&%og a §%tgnil)sotl[o Fgagecg‘efagp@ge &ibey ﬁémpw,eemdogﬁ irgrensing the

dlqtamce:rhw\eebnf the Bﬁ)ﬁﬂ‘i&eﬂﬁﬁﬁﬂk@ laankigdl. %Ri%?&ongpﬁﬁé d@ ‘3? agrgéeﬂ?g the
Ied away fromthe na

scaffct)lge' Et C@H%

LS tAmsteLigrite o i PaapparAes Nﬁh%ﬁﬂeﬂnddawebsng dleqmlymer

concattatiof. t he notor assenbly and the conduit can then be
renoved. In sone enbodi nents, renpval can al so be

[013%C conpkiSBRd éﬁ&gﬁﬂﬁﬁ%h Be
m ddl e or a|§§“ cutting t eeégﬁlgﬁ?g%ﬁgpﬂgégcggpngpﬁmmlby
compitipeseyaal mensel T@ﬁm@aﬁ Ber paeime aamalyildyeasd ¢dreufiet@be formed
by coﬁ@ﬂ’e“t se{%}@lxﬁ Clodifhnk € AL NS ore
engt of the eﬁbgﬁtgg %dgeggmgqunﬁﬁfa%%ﬁ i more than one
type qfég‘(ﬁrtcam glsp e produced. In an exemplary embodiment, the circumferential
alignment of the fibers can also be adjusted or varied by altering the speed by which the
mandrel rotates. Thus a polymer scaffold with an inner longitudinally aligned layer and an
outer circumferentially aligned layer can be produced. In order to fabricate a multi-layered

hollow conduit scaffold with each layer having specific alignment, various mandrels and
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j agged edges at the end or ends of the polyner
scaffold. Optionally, the ends of the polyner

w@eafbgilos can be cut in order to create pol ynme€T/US2007/061253
scaffolds with | engths of essentially the same size.
This cutting can occur when the polyner scaffold is on
the mandrel, or after it has been renoved fromthe
mandrel . [0138] The characteristics of the polyner

caf f ol.ds desc ed herein can be changed by altering
rotaf/’g? F%‘T?S j)ﬁ'é’ts%q? H’ Jrofxesipaaty cenbodites e, ahellsevendiit shaped fibrous

scafﬁ’ﬂﬂ Mﬂﬁdﬂdjﬁdﬁsﬂtlﬁh Mlﬁfnaﬁia9@xec09ﬁpds?d t‘cﬂjﬁfegﬁ%ﬂb thﬁ] Lgnﬁ:g fibers and an

; ?creas the average di aneter ers
Ut P BN %ﬁﬂcywé?re% kradizged Ghersmiteodethed twpmddcenmcﬁ a scaffold

invo$ddstu |
vobedstusin@ 4 A8nd2el \%ﬂﬁﬁ nofil é&lfﬁ?&m %%}{3 g‘fig%aa@ & %regrréc&sgras”ghe

sol vent in the polyner soluti
manglped isgpirtedyet # sl spetidatisveng f<as&he| ermation b€asbiduit §Rped fibrous

scafﬂlﬂ§ E@ﬁﬁ@setﬁ%?%éﬁ%}l? ghg?e:d‘; {(i]ﬁt g?%{?gé af thewnandrel is

di tional
then,m@rpmé Whisheagies the dlectappuan ﬁbells t aligrefies @éifhimferential direction

t,
erou KR AL BB SRS ERHL LLa Phimblarsgmpament, the
mﬂCYT@VhUdSlhgaglenglmﬂmaryewh1l@mlegﬁif}| 18§drh n%c&ﬁlycgsle;é'tof m@gﬁ} aligned
o a mu |l ayere conaul can
ok 13 A Bl B PIBE i Bt erod avamsy et when

fommi.ﬁdﬂlmomtm Ild}ml theratandehidotsd wi ahhnf&ﬁh@dlﬁ@%?ae%d{ $RGents both
can oduced, In an exenplary

|
longR‘];ﬁ%n%yae ey eég%tﬂaE@BgF?%F’étrﬂ fitersal i gnment of t he

I[lJl b-rs cap also be adjusted or varied by altering the
s peddroBgigied Loluner Seafiolds rotates. Thus a polyner

[014Bp afﬁﬁ @lsebontitabpn th@ﬁ@%nﬁ&pgﬂow%ls F%ol—niaa?%log %lé (}IIB]%nses a

an ouﬁer Cl I‘CUfo erenti a er
mm‘ﬂ%‘iﬂﬂ? Polypersegfdpldt JVith mmwweeramgu baft Lﬂhagﬁatpﬁgl ihodedaw

topo@@ﬁlﬁ@éﬂy &C@feﬁﬁéa‘i{ly"m{e@t Ftsél%)ﬁg rgo?ﬁﬁgirggarggxgéﬁg)nﬂyyh%golymer -

I gnnent, varl ous FTH an
and Cﬂ%aé%lmlqrﬁnéﬁaléi@mapy selvﬁm@ch svefabes. al dyddr, BV, owdlM&rhods 2005, 2,

8). 59b d FQUS f; d th_a
O, o oSy EFR el SoR L RINS T, Biact s diamatieats 1999, 20,
(23-244t%8631 Ty Srbetiofrmeri Sceffnfde rcaiatadaiy thisaetigngek dantRNded @6ontrol

man O 1L CLUd] ) d |
SRbarer o PRSI ERRE Ry Pty bbbt crapiaton.

prohtigyaémnemé Isyrvivethe Chremdz. 8|, Sc&m&@l WEd781(5318) PSR eﬁgatla S.N.,
urt shaped br ous

Il
Fasel e B B 888 TSl Tt Rir? Mt 200Brs (5 26776
Folclrme, 4@1@@4»0&0@9& @z&gdﬁ)t()t),m: 1309535 thltecéicfeBQF MNGLERREH Biomed Eng
r r n n
2o P M o Fagayrtns

rcuntere
with Ligh gmddﬁqﬁnhgumdmﬁdmbé a fleRibBNRULBRA e X ELID A r(rjlent |V|Vang N,
udl na

Cell RIS TiBest &% Bpai B Bimosed gred Yoo y ali gned

f|oqrsn ThIS can be achleved usi ng the sane setup as
% & gexSeaffalds when forning the outer

[0141] ayFfe, pdlﬁﬁeﬂ@ﬁfh’)ﬁk of?her A&l @h ndle b gle %Inaet Fatioh o a random

t hat prevents_ bot
orientation. In an aligned onentatlon at least 50% of the fibers comprising the polymer

scaffold are oriented along an average axis of alignment.

[0142] In an exemplary embodiment, the composition has an alignment which is a

member select ssenti itudin: ssenti i i i
cted from essentially longitudinal, essentially circumferential, and ‘criss-cross’.
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| ongi tudi nal and circunferential alignment of fibers.
/1. b) Mcropatterned Polyner Scaffolds [0140] In a
w@emonghiespect, the invention provides a conpoRCT/USIW07/061253
whi ch conprises a mcropatterned pol yner scaffold.
Wth mcropatterning, soft lithography is used to
topographically or chemcally alter the spatial and
geonetric organi zation of the polyner and create
Alom ﬁ}trl&mﬂ;qal e features on substrate surfaces. Tayl or,
RE A EERbBTes0EWhen thedibersg afipsed inghe difection of the long

axisCf e SEidufbufnéd dSRNGit oB: cﬁﬁf Qi
;i Biomaterials 1999, 20, ag PO EEA S %é%I%eA SEpPyREsrential
alignrpentas prpsentdigndhe fhers ﬁresalt@@ﬁ alangehe sirorbexis sé’dhetpolymer scaffold.

A creBitrb 3l al FBMEN AR RRGER WherCAE IHtLA 0GR g)\é ym?roslcirlﬁ%lﬁ g‘%’n

cel |l size, shapé, spatial organi zati
comppitien, pig afigned ahewh aasmner Bei ek Ellgﬂﬂl@n‘c AxDs33( %) first polymer

scaffje‘ffd??S Eﬁ’an %H%ﬂee' r@l’at1§e Jc}! the a ?@1%? gh 11%%%{’( %%Iﬁé Sﬁ%ﬂfﬁl cg‘gner scaffold
whlc(hgl), dd@gqntm thq:l@stmlymmx scAffold. Re\thglmratadu@rdllgn&D&%1ro&mferennduy

e o B Ay Lro 0 ey PeRS Thesan rastimalisned

polypigascadtohd nmumsmp@ﬂmﬂbnemymbhﬁmIﬁh reproduci bility
and provides a flexible substrate for cell attachnent.

[0149‘191 hbtheGeteniylts gkeltet ,
T S B S vt

t he_Pol
deVl“t“ln %IPA%% TG e oF e fedie: e arermoless anbagitngmie the

standmrdl éémaﬂid)xoﬂf e fibef RNAQEMBE s%lbfc?etd' b °
at | east 50% of th %e%ﬁv%gr?%lr){lltgqb %d arl?outl

betwor| nt tOLon
pot %ﬁ’é\? $ 854 FTH 3ar RetwesnethontiO F@h@}-’%ﬂh 5%\1@%@@ @muisO"oénd about
10°, Bttivganebsut (°Qhd abodtn sa e .
ition has an aI5| &nﬁﬁ@%ﬁ%ﬂ {1‘}2&3%0'{}?5 and #etween about 0
and G&’QPquqﬁed from essenti aI l'y Iongitudinal, essentl ally
circunferential, and 'criss-cross'.A |ongitudinal
[0144]) | higaad PPkymer seadfitldsvikven ptdnfeuﬁdl befeas an eckbjgnedethal ent,

cell Ifé%ﬁatgilntrﬁgtrdeﬂﬁl(??%ﬁ{clag ! R'ﬁ%n g%}fgf% h @g n%lflll 1§1ducfela|nl:l edlrect cell
migrationcthus grpl@mpmgnwalhq gRErendtians Sﬂcﬁ&éiﬂ’olﬂé‘l% atﬂﬂﬁmfm%&ﬁutlon fora
e shor is of the

varied R AR 2008 shilfa mgﬂ“ﬁegﬁ tfa%%lia.s FieSiEntrthend nigal cord

regenferdiions Fof e@mplpothy nergimdahiio |aﬁgit11d?li tibQus 98@@}%& Eéa@fbld’é' &n enhance
manner . t the average al 1 gnnent

and s Xd1§9ag$r &19%0? %{értve (lﬁn%, %qsclsecaél%%qﬂv&sqlgaréfss%g@ﬁ@h @cross an injury

gap. rel ative to the average alignnent axis of a second

pol ymer scaffold which is adjacent to the first

[0143)ol Viedirsehfiowehickthk @Hglléd&llﬁ%l é/ca?flolcgﬁ %guﬁgd may affect the

bioloS lel%mc er etgl %I |y aljgned %[rrer scaf can
%? PHET Gakhe éég?eddf(ﬂﬁp%"eﬁcé foldl ig rrmlscmg ossnprbvg:ge dFor
mstarmej whert as @l@éﬁe@' LB ARSI d @&ﬁlaﬁg@lﬂ a0 i a:a 8 fh{:ﬂgg is more

4 I bers. 1[10143 I n anot her exenplary e
rapi B’é‘le?ﬁ]&?a g5d e lengr saffald & pearpentiewlar, rather than parallel to the long

axis of the wound. In an exemplary embodiment, the central long axis of the bundle of an
aligned polymer scaffold is situated perpendicular to the direction of the material which the
aligned polymer scaffold is improving or replacing. In another exemplary embodiment, the
central long axis of the bundle of an aligned polymer scaffold is situated parallel to the

direction of the material which the aligned polymer scaffold is improving or replacing.
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deviation fromthe central axis of the fiber bundle.
In an exenpl ary enbodi nent, the standard devi ati on of
wo bh@®709@er is a menber sel ected from bet ween abOUUSIO7/061253
and about 1, between about 0 and about 3, between
about 0 and about 5, between about 0 and about 10,
bet ween about 0 and about 15, between about 0 and
about 20, and between about 0 and about 30. [0144]

[m@ii g[ned %ol é)fmar scaffol ds have profound effects on

cel I &PEEk eé?I%{PWaffm‘g?ﬁ‘@ﬁ?‘ea thealligned gerapesitiorsne the invention (such

as pelghletbaiffol d¥) ¢hh 88mpAsd 8L R f s.can .. .
d.rtndu?fgr gnd&gi rect gel | m %raﬁ%%lﬁﬁg?%n ae%% FHYPP seran be

uSeG R ae FRPhassErsis ebethel taesefdissueroith shisgtrast vinidie, e.g.,

nervbOdkiig HYGYd RsYel OficcldtASHEs oI Eﬁﬁﬁ%gﬁgs&[‘eh 5%‘2‘1@5 2R3 HIES S These

. skin, vascul ar tissue, nerve an
alighedgbindearedahic crppodtianifdhe tiventiamgint aicti betdeyt iaklatRelopment of

thred-HIRQYS RO af £ ol can.enha d specificall
I P et Ses b SRR et o e scarilas,
thre?}{g@?’ﬁma@]r Lgiragts bﬁjlfizwy tigaye; bl?lg)cmﬁ?gid f{@a_@,dejkﬁlﬁﬁ%siu@,nveﬂ.s&ﬂar tissue
d &by ynmer scaffo is situated may
" af%ec%lggthﬁgg%:bg?g%lt%gl function that the aligned
I r scaffold js .replacing or inproving. For
[014?{23#%%% X Thplar ‘&Hé%fﬁngﬁ% @W%ﬁ%@ 8p3caibgd hgrosit caratopaprise
morg ﬁh_alaompﬂmewmﬂal@.eﬂh¢1{k&ftl1§sé®lﬁn€1%bﬁom%ﬁnthE\‘?e an alipnment
whichlil %I%%d g%l )énf?r scaffol d is perpendicular, rather T
par a8 OF $H{HE™ 1597y thseilerorolymer sqstfiott or ygatfalds in the
commwéiopl ary enbodi nent, the central |ong axis of the
bundl e of an aligned polyner scaffold is situated
[014®ler peandécdmhibirt QubdiBmdi (o f. the materi al i ch
The L1 al | gnec}ﬁ ]%rglt ﬁrrer sgllg; ?%I Clgglﬂ)g&lnr?%rcé’%pﬁlﬁcso?”o 0l inélscaffolds.
he fisppotEimagscafioldhus the shapearipl canguie alnb it lomgituditidle aligned. The
seco 1y@bkr { ARG AY) ; die,Qfan aligned yIer
oA LRy Bl IR o g ety Fombbt s an
OTICN{RHOB PTG At ToRmb bies el otqghieoin pad doms reis o afféehh) | &iss-cross, and

longitd PV 100k W 2%146 . Tn anot.her exenpl ary )
o ?}Eﬁ}ﬁ%ﬁ%‘%&ﬂ%& e B ER g M s eo T B rascaffold is
a meperaislegtedfodiy merdose adid okds)fearalconpri se bi odegr adabl e

pol yners. These conpositions can be used to guide the

L. d) mfﬂ?&w&t@fc{sﬂﬁmﬁﬁ Wik Botvmer Sca olds
ni rqpic str ure, e.g., nherve, sk—g‘—bTm%’——Ll n, I
mm;@ess el I,’Oqg?gf %‘i@#&iﬁﬂf@%}m’&%(&i %@ baforned inte aderietyrd shapes,
deperdimgaorethic nafilre s et1R! jrapies, toe@dg@padabl e conposi tions of
the invention can also be used in the devel opnent of

[0150] hr Bie- @infpRi8 ahd /ot B : Ln :
dieno Dl odegml i .g@ﬁﬁiﬁ*@%a ftg%{s‘%%ﬁ"“ can have a variety of
mehstinge PR EXRTRIART cBbrliment the ilymer sceffbldsis Wel mapia®d cm long.
In andtRdrcbxtin m®Kiindot l-ar .tissue and nuscl e
ti ssue ??rﬂ?ge creat e’ztfﬁél??)lﬁf%? g%rg% 115 Z%Pé?g Mt long. In another
exemplaryfanbrsiment the rdywperssceffolisis descta beth loapeimataRer exemplary

embo&igHRL, itﬁ@polymer scaffold is 1 em to 10 cm long. In another exemplary

embodiment, the polymer scaffold is 10 cm to 50 cm long. In another exemplary
embodiment, the polymer scaffold is 1 cm to 5 cm long. In another exemplary embodiment,
the polymer scaffold is 2.5 cm to 15 cm long. In another exemplary embodiment, the
polymer scaffold is 5mm to 6 cm. long. In another exemplary embodiment, the polymer

scaffold is 8mm to 3 cm long. In another exemplary embodiment, the polymer scaffold is 10
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nore than one pol yner scaffold. Each of those pol yner

scaf fol ds can have an alignnment which is the sane or
walpdo7eemamt fromthe other polynmer scaffold or BCHUS®OTE61253

in the conposition. [0148] In an exenpl ary enbodi nent,

the conposition conprises two polymer scaffolds. The

first polynmer scaffold has the shape of a conduit and

i's Iongitudinally al i gned. The second pol ynmer scaffold
Cﬁ”% £§ e terlor of the first polynmer scaffold
A T T8 A ieore i cEtbodiment b elyeelsoaeld 1§ 05rom o 2

cm lbagldthancﬁllxd’rG:bd% Ia daBbdinfeht, 8 ;
| ongi t udi nal . Ig gﬂ exe&b | ary %ﬁgggé ¥ ?%h%ﬁ()lmmtOZCHﬂﬂng

[015Q) | el"l{eadch?jasi’%‘lfong Qﬁd/&eg&gglepgéa ds osf% %%lerqt}éﬁc’ cagy be c%bmposed ofa

sel ected fromrand C|rcu eren
variedy g Hbrays lasiees. HolapresemSbay tobddinidet hna sor@podibsh RS BFeen about

1 an& %mrmgrghﬁﬁy%rqlﬁ? % T%?ergﬁgr}y %Hlt;%‘ﬁ ¢ a]gtfﬁ ol‘lgﬂ%)ﬁrgéo%tlon has

i nventi on can orne
betwgem abriit dpndaboirel, 0t fibeusiaythe mraalﬂxeﬂptaey bRbLe@IYEE the

combfbiciPlas WA, CATROS] L LONS, S0 RO TEL, seall ol ds of

e 1 nvention can
embedimept, ahéycwnﬂmdldnidm‘s beﬁﬁ&%nm@bwméncﬁ%ftﬁ 9b dibkusQa Emin an
In anot?er exenpl ary enbodi nent

oty S e Aot 05 O BV ot o ok bFbrous ey,

In aneeqc@npﬂm yobobiotintehE coinPesieh ¥aEketwead {1.¢ 5 'aﬁd a ﬁ i%brous
hya&"} rm@ anot.her exeg%:ary enbodi nent, pol'y
Seit FoPipy BiRakse, WBFRGSitioR hapbetisen eh@rrmoa rdyld about

1,50@fibwads terts. hha cRemy eﬁl%@filfrﬁng th C(;rg (;IPh%sqbe%wen about 10

ande ﬁ?Ofﬁr ther exe ar odlnent
R4 o ai’ Bmlp gn E?XEIP?P aﬁh@mbvﬁinmnbtﬂhmeomp(mqubmms between
abouelhad 4Bt 80 FBHRQ %@?rhlséhaéxfeﬁlggaﬁﬁ% gltn%éﬁt t%F C%}Posﬂlon has

| ong. anpt her exenpl ary enb
betw%eéla%f?&% EO ?%dow 180 Gbeans|layregs- llnrﬂnaﬂx@mp@ry emnﬁirﬂerry, the
comp@Bitiod iha® Bétwebh chﬂﬁ |5Ye{'ﬁ%rab%‘éﬁé6 (P}t' QIOP% layert§f ﬁr&% e%%nrg.lp %[«)? g

bohn_anot her exenpl ary embodi men
embodimeny thecgmpgsitipm h@h@etw'fﬁﬂ alpmit Hﬁ rané )ﬁbdsmlé%a)rfi{brous layers. In an

exemfimbggrhﬁﬁﬁ&ﬂnen% hge aah Xﬁ/&ﬂfm‘?ﬁa%fb o%en a%mlf ? fni).'cg]at 2 tﬁﬁgﬂ)}mus layers.

In another exenplary e

In an gxemplgpgemnkodiment fhet @nZpasiidndnrg bef\@sleﬁih]ooﬂ_ﬂ’l‘ﬁ) and about 400 fibrous
the invention

layer$ qm%x%ing[h% 213\"3{)?1%&19 HTE émﬁ%ﬁ 1(%? q,sjﬁgw?mjc 1,20 3pd about

can be conpos a vari e
L7503bsmpd lavsrsenbodi ment, the conposition has between
about 1 and about 2,000 fibrous layers. In an

[0152¢ x diypinaryme hiop elmlmdmment hie GOIFRRS kdafRI RASHB]LMREY  sheet or
00 fibrous layers. In an

nd ahout 1
m(eimeQ;?éJ ﬁ’ojtw%er Sr%%ﬁﬁf@‘ﬁ‘iﬂgr 6% CepApBads feprghaledespineing. The
individyd fibets wanhhnab@uienﬁiaﬂld‘ daRrRUSighay Sifitser
nnmuggﬁ%ﬂ{%F aliebne co ggltlon has betmeghﬂn gﬁ?§§§9&gﬁgu$nga
out” v $4lIsPISner pUsFemeshaniasl wniawisl strayclindodi ment
0153£h§ 05|t|on has between about 1 and about 10
L P 88% PoSferlary embodiment, the polymer scaffold has the shape of a “criss-

cross’ sheet. To form a criss-cross sheet, layers of aligned polymer sheets or membranes can
be arranged in relation to each other, at an angle which is a member selected from greater
than 20 degrees but less than 160 degrees, greater than 30 degrees but less than 150 degrees,
greater than 40 degrees but less than 140 degrees, greater than 50 degrees but less than 130
degrees, greater than 60 degrees but less than 120 degrees, greater than 70 degrees but less
than 110 degrees, and greater than 80 degrees but less than 100 degrees.
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In an exenpl ary enbodi nent, the conposition has

bet ween about 5 and about 25 fibrous layers. In an
wez@mpdEny enbodi ment, the conposition has bet ENS2007/061253

about 500 and about 1,500 fibrous layers. In an

exenpl ary enbodi nent, the conposition has between

about 10 and about 20 fibrous layers. In an exenplary

enbodi ment, the conposition has between about 35 and
[Olﬁﬁout 80 fibrous layers. In an exenplary enbodi nent,

e CHHPAE 2 YBIrtnat VBEt Revrkeab suiss-¢mssim catb Fuond 8@emplary
embbiliiénsSa toMtcSmetadAh i t, . the )

.GOMposiLio r??? bet we_eﬁdi%gg}a?g %Segrq}gﬁ;ﬁgg%{ﬂmé@&paﬂ § PBRgonducting
regiptyyap lignef Bneraddihsraisyereattshen therrym; Waichdsmieaipketlen off the drum.
The BBSn 0 fibrous . layers. In

o o i e o e afty idh sl bEREHS e o en

addiggpaldayer gh glegosmuniibets ibnddst Whitette. drinh romt@@ AWML Yeed.
AddBIRAAEABN oot . Siti has bet ween about 60 an

about 400 ?Sls.t}?}geﬁggﬁ%eér@eglrﬂjxl%ea E%SSES‘?P%MC’#@ﬁWemplary
embedigneap ipbyin is uscdithst ostaveencallouingred0R. ande aBOHtum is rotuted

' S, 52],1n an exenplary

slowéy n‘géo%i %ﬁé%tﬁ%héeﬁ%%% §/o n%llf %854438Pﬂt alfgpelogglgﬁién@b ap the non-
condghigeg sastione ﬁ’hm?aﬂ&. drRol iy 8@ ﬁ@tas‘o;tﬁb @ibg@@% %}F"cdf t%%ﬂ‘i e

» hrou ect rospi nning. The individual fibefs
cir cuﬁf?ﬁnﬁg{lﬁegﬁglﬁ{gpgt%is&-é:ho% éa)%rsf ffﬁ’é?f asided by reppafipgthese steps.
Congﬁﬁctrospinning using a rotating drumas a collector
— or after by mechanical uniaxial stretching. [0153J In
[0155hoTefiothyeiRhilaty @HBOHHEBA the hg@trrﬂegl_%ﬁ?%cri %gsg {hfe:%hgpehc?fs a conduit.

An olle éhage.of a 'criss cross' sh
CEYPREDC GueamRfet condyif és rrogfded|in §l6d4 pcindmarexsihpkis dofiction of
a croRBFRHANAS/iSRBF BR LA . ~op,tq each.other, .
r, Al an angle which is a ﬁ%@?aggpggtgﬁ'?%%ﬁ?@ﬁéﬁ?g?veavaﬂdy
ol sizeRJepspdig Q’Pé@é‘ﬂkﬂﬁ]ﬂ» el astitsrintS0liduegreeas] ogeedib@eters. In an
exe 3DodBER E%e AL 150. degrees,. greate
H?ﬁag% “20 deqr ces b u%n+1§s§§c% E@ﬁe fi%du&tglg reéseeg,“a%f gﬁ? %% a fibrous
polyrmpeficatipldy e BalgEtereem idanicl30 adegimedate FoL@Biple, various
tissud 1248 £HQ LEQELES D than 120.degrees, greater .
S han 702%@gre§§5bﬁimiggiq?a n %fﬁnaggr&@é?“gﬁa“ﬁpé%FEFPHSaiof
aligngdhgbergo Injapytherexgmpldre ssibbtiarent 0Re G eeslondidfthalihiSed or
ircuf& e | 0 s to e a . criss-cross' sheet.
e gngﬂgﬁgﬁ%¥%r§1%ﬁégﬁfﬁ%ﬁ?énémpg? °HY thetadughapp seam. In
anothgipedemenl ey @'H_S.bQﬂEIBdn@ thatsctnesd lﬂ’_(wéorfgo_fitiﬁédgexﬁ%all _pta)u'allel to the
loneifa@h ( regi on, align ayer  of fibers iIs
ongt cr {ehg? e qg ﬁttl%e%n ﬁ%‘mﬁl %ﬁﬁgﬁﬁ C?(EI%p Ehembediggeng the eqnguit is seamless.
In anqthermxcTipbaraicigeintmytae cosduiok abetil0y daa188S A INE0
kmgﬁﬂPﬂ&?Qd?@waQ% thE frunl Next an additional |ayer of
el ect rospun f-Bals 1 SHeE 4*ARPIaEY FRBOdMeA. tlot anerswall of the
condugt dwingistesfeedyerAddordiQailallgalis S B s whik %ém&é‘ﬁw%ﬂ?of the conduit
B(mng%gggopxnﬁggegghgﬁ]&hese steps. I n another exenplary
. mbodr ment = g 1 SRREREF eEp s sTbodBRent.ohd nedduiigs scamlcss
parallelggitionlonkigndinal 436 6l tEchfihiohad 84 igh flrst
laver ﬁ{iogﬁgf &%qp sQ the fibers depogitggk%léﬁ%ﬁ%on&ng%onmySOfa
o4 (19086% nally a Wa fibgrs Waike the outer wall of the conduit is composed of
unaligned fibers. The conduit defined in this instance is designed to display greater

structural integrity duc to the presence of randomly oricnted fibers as an outer sheath. In
another exemplary embodiment, the inner wall of the conduit is composed of unaligned
randomly oriented fibers while the outer wall of the conduit is composed of a layer of

longitudinally aligned fibers. In another exemplary embodiment, this conduit is seamless
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conducting section. Then the drumis spun fast so the
fibers arc forced to align circunfereiitially.
wo\e7odanml criss-cross |ayers can be added byPCT/US2007/061253

repeati ng these steps. Conduit [0155] In another
exenpl ary enbodi nent, the polyner scaffold has the
shape of a conduit. An exenplary depiction of a
conduit is provided in FIG 4A and an exenpl ary

ross sectional view of the conduit is

e
Para%?%x‘ﬁb%&’“ﬂﬁ“%‘l“éc axgof tRe condhit- t Incanthsa eeeraplaay érebydinknt, the inner

wallsufztbecoxﬁl@.[lQB BbRPoA Jflisndif:
1S cork and outﬁ%r SiElons 1erﬁgltah gnéQPH)ergl%vhﬂyﬁhe Suler wall of the
con Sapmeated qf@cpﬁﬁgpp@aﬂlysadmd ﬁbeltsh dn eooitier éxcingplary embodiment,

this ESERINE 8ddn¥leds BEnPhn Byik | g t%gtlﬂaglépcﬁtwﬂrg to é‘U{P lﬂlg&%lﬁgé%f the

araneters can be varie
condyit j ous tissue sizes and applications. In an exenpl ary

enbodi nent, the conduit wall is conprised of aligned
[0156] bdnr en ekmaho;t htebodammﬁplt}&r JiseaLOBtiRB theliffer W ALLR the outer

el B A SRR A e P00 B et cx e borerobadinnent he

I ghe
distahasbetweenthe ihnerangl et thexares kalloread esh BNt ﬁroh{‘%o%% 4 to

nduit is essentially parallel to
10 O?oﬁltml teﬁd ?{%F T Graplgy “t"&é’%i’ﬂ}u he, 1ﬁt%P°&ﬁ@t\ﬁ@qn tas émgt avail and the
outelewblrb df ﬁEnbndlhlhEs Reondbbit Insn BLA0DESS:. ThhndRQt ESF mplary
a

enbodi ment, _t he conduit is essentl
emb%m t gkey Hgirar ?tWF%U ihﬁénqleéﬁgﬂulwdhthapu’@x M@H@fftmdw@ndmt is from

abouc d)mldlﬂd) 500 hm. ancinbefer EX&HH mghﬁﬁ{%t d1?t§-lgce BIEL the i inner

wall (H& of thelc UIt consi sts of
o &mrl%ﬁ lﬁlﬁ@@? abophilhm ﬂotﬁé) qui &1 anvathdr egbmplary

embddiettOM@Widtah & &@W&ﬁtﬁg iHer U8 ahlg Qﬁgo ﬁ ‘of lt g cmngg% is from

b gl}rgher exenpl ary enbodi nent, e con I's™s
a °“€ (9 & P olntfﬁl@theé ﬁg?@ﬂlﬂrmghbmmnbﬁhet dlletanmlchiwéen ﬂlﬂdnner wall

and th&)@utbMREN o d co?fduft ﬁfa&?ﬂég{#@ 1 ({%Aﬁl{]]? 35 (é(ﬁlélgg JI]? é]legtﬁ%rr gxegylary

longitudinally alig
mbadacoihg distancs hedriprasibel irofer waklang tiedodtbhents of FRConduit is from

abou@mmqm&) dedd Agd 1R tance i deS| ned to
di spl ay greater st?%@t%i?éae | a4y &give 61’ {4qiee between the
inner predlsadche etter satioitye mndantlseﬂoﬁ]l dhe:ﬁSS @90@&1 tOUB B0 nm. In another
t he i nner

X& | ary. .enbodi
exemp ﬁ%a&ﬁb()dl & ﬁg g%%g{s a%I $°COTD %g‘gdn?ﬁr Vgﬁg?ﬁdg%d’u%ﬁ%rﬁfyhe
Condlé? 1Sé5mn@db¢ut 28609 Oni ﬂoesoulm@ ronlt B armhélr e&%rlnﬁothey gﬁ?g%ﬁﬁﬁenlt She
r 0 aligned fibers
dlqtarﬁglggﬁv;et% é]?é lé’l)?lgl' ‘@/ryaﬁ ang f}ﬁ)%’g% 0 %ﬁ cén@aﬁ%lfrqm jagout 75nm to 600

nm. Igaanthes Smldhmnﬁbmﬂlmhﬁt Hlfﬁtg$ttil‘15$bm’§$ve@d(f{11% 11?1%@%@1 and the outer
1 nog.ner a enpodl nmen e | nner
wall : i &Hn;[m%t-hggfrgglnc}huf 2%§8§@ij P - | ongi tudinal l'y

I| ned flb ile the outer wall of the conduit is
[0157? gé‘s}eeée%if’ F%’Jgﬂ’#lé*}eélﬁt’fb%ﬂmyr dipmgtes O thexemduit finfrom about 1nm

to 50 a(mmﬂne n eﬂcﬁi’fﬁﬂ @foh}ﬂi@%ﬂ@ﬁ%@ntt Jﬂ'c %n&?'?ﬁ%ﬁh&tfll Sf tﬁ? g%naﬁlét] 1s from

XIS sentlall arall e
about q%nsntg &?Q}Oﬂ %ﬁqt 16116@3{]519? ary pmgndmtmhauyler dlameter of the
conduérib ﬁdtﬂmfdim lﬁﬂﬁQo i oans. eIrpaﬁ{o\f\ﬁeqréxgﬁﬁliry D8 odRldnt 6Hlle inner

dlame%er of %e condu1t is from about Inm to 500 nm. In another exemplary embodiment,
the inner diameter of the conduit is from about Inm to 50 nm. In another cxemplary
embodiment, the inner diameter of the conduit is from about 1nm to 5 nm. In another
exemplary embodiment, the inner diameter of the conduit is from about 10nm to 500 nm. In

another exemplary embodiment, the inner diameter of the conduit is from about 100nm to
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wal | of the conduit is fromabout Inmto 50,000 nm In

anot her exenpl ary enbodi nent, the di stance between the
wo povaioaet | and the outer wall of the conduit PEI/8MNT/061253

about Inmto 10,000 nm |In another exenplary

enmbodi nent, the di stance between the inner wall and

the outer wall of the conduit is fromabout Inmto

5,000 nm In another exenplary enbodi ment, the
etween the inner wall and the outer wal | of

I St anc
] Ootﬁhé“ cﬁ“h ?’ter CECTPGHY §hBadmeninthompeodiameter of tretdnenit is from
aboehe0nad ¥ EH0DHAE D andthe: égéeﬁ‘gy@:{}g %g‘@S{it‘@ﬁ%@ tLQ i | ngtﬁmeter of the

IS fromab

conwilms and t he 8t(1)ter wal | of
" lﬁ@r%egghﬁ? 1 Hozﬁg{) ﬁ@’OOQmTJIWSMEWth ¢mbh@1ment the inner
diantBt&loFne® Wee ut er of
t he condfjl t is from é"ﬁgz {)O ﬁ% £an?t elé?fbet"‘\?@?ry embodiment,

the ignerfirmetor eftbe aprdnt is frdre amtwaimmm w060 nihe i nner
wal | and the outer vvaII of the conduit is from about

[0158n AheoBd@tspsciliredareotinenn & @mﬂuaéd/nﬁmle%&?dﬁwa h%% an
gltyaé}g nner and _t he outer wal’l

o e“%lg AR ARELIERD o B ph St 10 Goefftemmplary ombodiment,

the canduihisrcompengl aff unésmagivriettd fbBE @ iaShalie whek

Soaﬂlfo er wall and the outer wall of thél condwut |%ﬁ$&]%érpﬁer
out 5,000nmto 15,000 nm In another exenplary

[Olsﬁﬂb d| nment, the d| stance between the inner wall and
6t SFeTRIfY BrOQdimer Adibreusi polymemcaffoldtshae: 1@ @cﬁltmit to fabricate

a cotdit5Pi0R Peadin Fir&t, & |
co i ; 2000 % o vveleﬂ : Eghfi%n é)?ﬁﬁémcgffylg%ﬂ%qqé/%% éWPurbfThe fibers

comprising.ibg $hest cpr be rlagnedsbuing pientiospingdg. Bomel methbdd Waich produce
aligned enptradin eTHAdinBRAL thctt,tfk% c‘iit'hié1 SR % rgglfatﬁgﬁgrlgg%cf%i collcctor

wal | and the outer e con

substatp gy by, yeipg a?ﬂ%@tﬁlrﬁ?ﬁcr{m Sigteihnlram e&eetmh@r gfmbodiment, the mandrel
is mBIRY S5 AL Nthe AR L ee:erttc%f% plsg 38 ﬁtgggéj dftelrselgctcr?)gt])mmng by

about Inmto 50,0 nm 2RO
mechgpoaliieriel, strekaing iBe dt@n’ét%tomfpotﬁﬁemaﬂbﬂdt shest i B rolled

arou n o ui I h
rﬁibcpﬁﬁta &M tfgrrﬁgt 388k n agj::) § 8{1161{ ?1ﬁ]§egpﬁ%Pqu githey before or

nbodi nent I nner
after g@(ﬁg)pdqum ﬁa@jeﬂfﬁdxj@ alnmxemp]m etﬁbeﬂmﬁ?)h@ ITRE By ends of the sheet which
conduit is from

are I al axis f
p&Hﬁa% t()l’l%ttlggla 108 r(iﬁi’l%ﬁ%]tyﬁ%r g%f Plgrtyetbfﬂg%pqﬁ@g_ether to

about

prodyche lpmgj,gxdlrdiil]amhgeesd efantddecoaamie Ut ad Sxehip ipﬁzg%?i#]heﬂl&m 12 sheet is

ther | ary enbodi nent,
rollecﬁ&aﬂxqc% gtreq%afan'?i [ores %%%ﬂn(‘? %flrogﬁ]eg% 8l the|shegtis fastonad tq mpart of

the coadlpitite Dreemmhgﬂh}dlﬁﬂboaigﬂéﬂkeathé@cdﬂaﬂﬁr T@E"ﬂf@érﬁﬁ g n be
IOmto 500 nm In ano

duij t fr t
aCCOHtle[Qghgﬁ? bYa UI n% %(%ﬂ a I?E}lf?g)n, H e rsugirasdEeamples pﬁ@dhesmn involve

solveuts nd btoﬂogleal balssialeuth hODM QWi o089 00 1M Ber T3 anot her
exenpl ary enbodi nent, the inner dianeter o the

(01603 0 R fbitenbSwET R6W DL MkldeTn AOART
xenpl ary enbgdflnentﬂtgs %r%iﬁeﬁrgor n%t gtheolfwemlon

exam]%ﬁ§0€%[h]d;g e tlglq'@?tém%%@PC%P@mHWMWl@ Oﬂﬁlldﬂ the ihfiention will
be deRABEN & coRH¥RbA Y HERER ggll)&ﬁ{]ént el‘xﬁ)%dtmen%s, it will be understood that

they are not intended to limit the invention to those embodiments. On the contrary, the
Invention is intended to cover alternatives, modifications and equivalents, which may be

included within the spirit and scope of the invention as defined by the appended claims.

[0161] In another exemplary embodiment, the invention provides a seamless conduit.

FIG. 1 refers to an electrospinning apparatus 30 for producing such a structure. The
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di ameter of the conduit is fromabout 75nmto 600 nm
I n anot her exenpl ary enbodi nent, the inner dianeter of
wo b@7oonouit is fromabout 2,000 nmto 7,000 neeT/pS88961253
The conduits described herein can be produced in a
nunber of ways. In an exenpl ary enbodi nent, the
conduit is not electrospun. In another exenplary

enbodi ment, the conduit is conposed of random
ers or ~a random unoriented pol ynmer

01W§HFF§qfig
POTAFPEHAT SBOYBYE cPRtais téiéﬁlﬁmsiwémm@nmmlvem fsicbhfired within
the gyoingERiscHGAf 36 ﬂ*h@@ﬁ’ﬁ{ el ﬁsén%l&?g il garE byl F&m e % g 3s5prgbly 32 in

onduit with a seam

whicypeqmputprideentiols ﬂl@é‘ﬁ@rﬁl‘t whinh the pelysner tsniutlbﬁ leR{3s the@yringe by
contfdIBEE padir®6r AbivdaRd it dngﬁy 3:1 ﬁ? ﬁgwr%gl § fgzilrbg? provided and

met hods whi ch produce a I gne rospu
contraflefl iRjacledied srianeretsh dihedlovaratotvilt D}Iﬂ?glgd defRrRSn@on the desired

phy <30 ngcdcel‘fﬂ é:lrs SELR oﬁ%tﬂ%t s(c%%fglqo };\F‘j/ Hﬁ%%?ﬁ,@mﬁggs; gber diameter,

describ &in. 17 an exenp
porepizgdmembranerdensitsletG6A . The fibers conprising the
sheet can also be aligned after electrospinning by

[016@k c Fanisgpahgamiray bsdentilly 82 €8 the p & danesh abg %%ret 42 that
sﬁsd%% TBL . SG fﬁ,ld shee |s t.hen roI ed around ﬁ%
gor m a ? g‘ﬁ SPINGE hagemip gforaatry @fmqheqﬂoms fpemﬁn‘dlauon and
tr anspmttzh‘.em b&ﬁhﬁﬁﬁn@srrfeaéﬂ(%r A Hﬁr@@ﬁcﬂié I‘aﬂg% off %@&?tnﬁ)dcb a&ﬁmaﬂ) kV is
appheé? ¥Fln?$ qﬁ the two ends of the sheet
ar en}ég FRIYEICT PF 21 1Hgh Volagemastich a¥ppix #8 ﬂm)uglh wirgolyer

016$caffold are then fastened together to produce a
(016510 ngi ParfiTRLTG4 (Whichnesamentiomed iw BRGUSEB, 1nbmdam551>ﬁ?lmduﬁr 37B) is

positib@ BL1IFRNthe sf)f‘&ﬁcﬁlﬂ g8 Euékﬁhgp%lf cq?cﬁﬁg gulﬁ tc?ciat%&gﬁ%th{: Gharged

nmore than once and one en
Sp 1nn§re6 apt thsymandseliuiThe elscricdad @ causkon g&ttotﬂdtd}aﬂyxyler solution to be

€] jectéd fr&ﬁ%ﬂe §1ﬁﬁﬁ@rgtb dgﬁ%gf% tO\;l; r?iﬁf aSt en%{gﬁ%éguﬁqucmn or

acconpl i she
nanomgiey Fi@@et%@ﬁiﬁle@@ omﬁbadsmﬁs iTire drﬂL/«iﬂdbEs 8@ o8t e dQsing ground

wiresd1®) 99 £+ adhesi ves such as fibrin seal ant and
collagen gels. [0160] Reference will now be made in

et i mepts of the invention,
MR S S R A R A A L ——
bearixig 60 angs. seWrid rill bRudknaU0 LHt@Bht thla RF-ARE! ﬁEﬂ,ﬁJ%eﬂ'ea'rﬁ{fg 60A) which
he subsequent enbodi ment s

ction t
is CO@Q&JSg?er 2 %r\égztt h&*&e PRI SZislipkad tp s oeeomte! SPmiltich bentrols the
rate af whizhtth@motax stph@&ﬁe 6500 BBA! ©ptialif &G i rardd\8n be
rowd&yeﬂklon éﬁ QLeﬁded to cover alternat Ives
P I°CRTT GHs WHn B agGid st gson md@ﬁlrmyhmcai plrdradedstics of the
polynwrfsdfuffbldi He:.,apédibkana mid cBcQp &Rt n
defined by the apgendgd clafnsdeﬁﬁ%2¥ ﬁh%hngﬁﬁ”MRCEn&b“em'

[0165¢X afiRhethyr SRR Rr OV
m ess conduit. Fl 1t%asn)dtnl%%rnje er s lon r%Ylg%st ¢ %e?&lﬁsrsrlcﬂﬁdmt
Pmduaifg P & el e@EPSPWH}ﬁ s tmyo Bk 22 ’EHuB uplbaraﬁs is similar to the

aPParéEheé’merbﬁ ) thch@m%gq a WU ENo SN a]a n@; % mgﬁﬂgﬁr

di ssolved in a sol I's conte
[01 66}5 y rdorlllgﬁlrtléﬁfﬁg m%}g?éﬁla %ng Elgllrg%fe]? ﬂ:d%fso c?snct;ln e%Groalfce?l ?IE ta variety of
ways. In an exemplary embodiment, additional polymer scaffold sheets can be wrapped
around the outside or the inside of a conduit described herein. In an exemplary embodiment,
a longitudinally aligned fibrous polymer scaffold conduit is created, either seamless or with
a seam. Then a fibrous polymer scaffold sheet of unaligned micro/nanofibers is placed

around the longitudinally aligned conduit to form a two layer conduit with an inner
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whi ch a conputer 34 controls the rate at which the

pol ynmer solution exits the syringe by controlling
w@e@ssne2 or flow rate. Optionally, different PCDWS2007/061253

rates can be provided and controlled to sel ected

spinnerets. The flow rate will change depending on the

desired physical characteristics of the pol yner

scaffold, i.e., menbrane thickness, fiber dianeter,

rane density, etc. [0162] The syringe
longﬂg&% a@\% %W?usf é‘@?fsa"@i?@ Petryumelisesl filiroonlayer. aConduits with
addlS@meﬂl ereed (e tBat, fvk! Sx Oflc. af?:l V@E%Bfer@x O-Elg %f Ig% pngehg)tds

eorretr whi ch a

Sutu{ﬁsaqg ggﬁw? AR OPWquthe 444?@ ta ’élleembenerﬂo mlwamtgm thiy dtfeture.
nge of abotit 10 to about 30 IcV is applied to the
[01 6gbi  @nethengxemplry kmbolirags, anmgrtucﬂuﬂm MiB At oMY lymer
fchf r 56A.(whi ch,_as mentioned 1n
sca &)rﬂ{lﬁ’%ﬂl %rg%t@% égg?&@%q)%s of av%hfsiea]ng m g PigRwefersatially aligned
ﬁbropﬁ Bolypien peafiald dves isqhadddatrowan @k edilith8inkil@bHoh & condu:lt to form a

rge t and the mandr
two lﬁgﬁactoﬁr %119 gletit\gga BP}(I:J}fq?n 1%1(%%3{%1 1ggecf Bproys 13368 and py prater
circugdbugniidly lignbé fibrastiege:f Somrbher SPEHDEY @aﬁﬁoﬁf&ﬂalﬁﬁﬁ@%dad to the

ndrel 56 form ng mcron or "nano
scamé&?@né/?? rts%eff ]in@lné?'mfi 15@?%"’%’6’ The drill chucks are
[016 oPndeqlg%& n round wires 41B and 41C. [0164] The
%a dr E1°%6 A< PEPETY srRedinteat, & Sepindass @ibidus polymede sbdffold conduit is
creatéchtvitﬁ(aheﬂldr Qv adl d&{p&@@gplah?ﬁﬁdlﬁﬁgy{]ﬂ%ng%bél nd dgaégc? %”Vgau

- %g chuc 54A (attached uctng
PSS O IR ?@n%%} dismed fibsrn Thotroandsa deThébettteoeinat Svo

condudtink@teibs Axfpees ptrals fhe ra
. the. notor Sornais iR L ER Rl Eh ok Gnihe
man. 6‘?%‘? WiRd a%ap?IﬂWrS@?@% Ocadb“b@rpln@wedei&pos'[hen Sﬁ]oﬁigﬁﬂdﬁaﬂy aligned

fibersMTHe GHRANYE Q%B%Bfilt&%dt%r}uéﬁ] e%%ﬁ ?%I (Ey tﬁlp %gen deposition of

characteristics s¢i
circupsreptiaty alignediesrs, Th@ b@nltda; anmnﬁess fabes o Fer scaffold conduit

with dFBIRREABRg @lﬁfi&%‘z{ Y, l,n_anot her exenpl a
enbodi nent a:l P%ﬂlja oaélsouéerscérﬁmné%@n%h’oqh@ed fiber
layer.pr oduced vi a the eI ectrospl nn| ng apparatus of FIG 2.

This apparatus is simlar to the apparatus of F1G 1

[0169 utIn ahetbecomprilas snebddamest, 4%&@&@%}9&@&1&&% Féa?foﬁé’ééndmt is
iple |ayers o

createﬁ‘%mﬁ %lg]gLrC Wi i B%map%g‘@angwdga‘ua@hgpgﬂ ﬁberway@ an pnteawall

compesed o Illaatlygnedﬁﬂwdrsrrﬂl’ﬁe sp@@idlﬁéd%%dr@lcﬂe)émedsa%%(f% gsllgntévlo e

e ped around the outside or t
condut?{ﬁ?gd;e i E](T 55“6%“5‘&6“1%%3 Tegiqnys apededuaring degfrospinning. The

mandrehbadtatﬂelrﬁt a sbow Wdttd;l diioalthymale, gng 0
is created, either %sog a% eogéo%l%ﬁa%lyﬁhgned

fibers S‘fﬁe maﬁ;ﬁrgﬁ qg?rf aged a‘b%ﬂ Vlﬁeé'meggaq $rskd thei gmveotfs both longitudinal
and mwuaiﬂal@nﬁd allicBfnehiemas d@ﬁfsﬁedi %b&ls Gl?lg r@é’u?tl{P gi se?f%fgsr fibrous

olm ?f‘%ht |nIJyaI|gnedcondU|tto rma
POLYMZY P Ht 3 Hn@priolgeitudinalbl dlignad fipretyéi drdausouter
I’andoﬂl@yﬁfgna@ﬁb@d’]a%ﬂ er unaligned fibrous layer. Conduits
with

Rod
[0170] In another exemplary embodiment, the polymer scaffold has the shape of arod. An
exemplary depiction of a rod is provided in FIG. 4B and an exemplary depiction of a cross-

sectional view of the rod is provided in FIG. 5B. A rod can have a variety of sizes

depending on its length, as well as its diameter. The number the fibers within the rods can
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additional layers (three, four, five, six, etc.) are
possi bl e extensions of these nethods. Sutures or
wa@ellvespores can optionally be added to the pol yr&Er/Us®07/061253
maintain this structure. [0167] I n another exenplary
enbodi nent, a longitudinally aligned fibrous polyner
scaffold conduit is created, either seam ess or with a
seam Then a circunferentiaily al i gned fibrous polyner
amo eVfoId sﬂg Ip 4 placed around the longitudinally
6 Figd Vet (?f’t thsrdengity abtheagdr Theneduiramaietsivamie varied to

accdnlimsdiatb a8 kAl 1B; &ar%u@hhﬁ@%ﬂzeg gﬁ? ng[ﬁlclaﬁg 2nd e%ﬂlina

b ater yggferentlall rous layer.
embg méed]lji’éb 1S ComPEHed @%’/ﬂﬂgn? fidersd de@nothet drengdayeethbodiment, the
fibe@ @y [&i@ltﬁ@lﬁaﬁf hl@gﬂe@ o‘ir@i Gﬁrﬂfe@eﬁt{yl a%t L gét BIHBFI{% égesrlmplary

anot her exenpl ary embodi Ment .
embﬁ@%rt & Eqtf fas|acheamn dILI another @feﬂqﬂﬁ& emUoldiraght] 1he 8Earif khe rod is

II L, d_fibers and out er
cseROBERLAL LRI MR S AR e,
the rad friveamlesss dn rixsbierresemphirietoib o tingere, Qﬁélttﬁi 1sRGsehBGIP RSimless

Paraflél‘g&g lfﬁé‘ﬂ)n%m(ﬂﬁalqa%ghhoﬁﬁé c%} dud IIg QPI% 8]%] %ief(rjrg}ﬁlgrglegl} iment, the rod

clcctrosprn
inclusige @ dastco Oﬁldn@mdlﬁﬂﬂ}t iecred dibotle POSEH s @Bv&Ed by a condult which is
ned i bers. The mandrel is the

I
comy (%@9 'orfggél% ed )ﬁb%ﬁl glb 8%?} lbexgq;g%yfeg}quﬁgelgv@ﬁ rod is seamless
pdrdlékérb@gb ﬂmngntudfnabams,tmﬁellieefﬁdl 1@&1&1&@ 1.9B8esk 1bh ﬁféndlﬁhdﬁl ed fibers
whichBSUblerk o ssaess, [Lbrous polyrer, scarl of d Conduil
Shoq Bharor tg G ﬂﬁw%t?lmgpsaﬂp Hedligned dibersayide naatdrial defined
in thla nnsyaoeris dédignuafte ﬂ%@ldy%laé&elaéthﬂzﬂﬁ'gl ﬁljcegﬁEy !11?eyt$>rt%e %IOC%QI?C]e of

rmﬁonl Qot@e exqulary enbodi nent, a seamess
BPyFrs % PED PR OHELTheaths 1a peatberexgmiflanrenibudénentatdd is

comp'ca@ed) ofethlighed edbinhdbRaltby ﬁﬁéﬂs qnge tfl%1 p&{cﬁuﬁgg 1%%0% ti'a layer of

€ specl

0 of unall ned fi bers.
10ng1%l&ﬁlg' q&@g{f %1 betsd Im pegf er\,@aempdam em’mdumtnt,rtge lrcagmcsla&nless parallel
fid
to its flbeittidRthl axig O @&ﬂﬁjé%%kbﬁ‘lg 'i'fghl%gdi'n? é){tjstg cgﬁ%gwed of

| ectrospi nning. The man IS To
°“g1§’€@2?51 t312RFY GREP o¥highis covered dapomintlinib WPHth is composed of
cucﬂn@éf@ht‘ieﬂg" by fBLisgne gncfth?te&%rené)yr?fﬁgrﬁan gr e ,nt?xgs rBth]seamless

ted at an internedi ate sp

m“d{gﬁbﬁ%ﬁégﬁwﬁnﬁﬁﬁﬁblrcunferentlal al i gnment of the
deposited fibers. The result is a seam ess fibrous
(0171} o] me@wﬂdfmembodmuhmtdmaa dfMRefod i9M@int Bl abdyio 50,000

| m. |
omn. B dnBRRY egérgﬁfaﬁé%}{ﬁjiiand AL St el LAY %lca%,;nga%ggt Inm to 10,000

f1ber [ayer
nm. I@@gd}@remmpllaheelpbﬁcymem seadifbokbdr BﬂﬂletrBQ 1§ﬂ?&ﬂgibgﬁt Fhm to 5,000
is provi

. ot SRR LR Uit Roe ot G rad riowsséens brafo 500
nm. Ipjagnihof exmplaqcbmlmdﬁmeﬂﬂ, tediiBelet 6 theBod A £ 688 NBY S 50 nm.
In anOQhé/rach%pYa m%oalmcnt the diamcter of the rod is from about Inm to 5 nm. In
another exemplary embodiment, the diameter of the rod is from about 10nm to 500 nm. In
another exemplary embodiment, the diameter of the rod is from about 100nm to 1,000 nm.
In another exemplary embodiment, the diameter of the rod is from about 5,000nm to 15,000
nm. In another cxemplary cmbodiment, the diameter of the rod is from about 20,000nm to
50,000 nm. In another exemplary embodiment, the diameter of the rod is from about 75nm
to 600 nm. In another exemplary embodiment, the diameter of the rod is from about 2,000

nm to 7,000 nm.
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depending on its length, as well as its dianeter. The
nunber the fibers within the rods canal so be vari ed
waokiocioant | af fect the density of the rod. TheB&r/US2007/061253
paranmeters can be varied to accommopdate, for exanple,
various tissue sizes and applications. In an exenplary
enbodi nent, the rod is conprised of aligned fibers. In
anot her exenplary enbodi ment, the fibers are
udi, n i gned or C|rcunferent|ally al i gned.
[OI%IZE g%tm@% %%? 5?r§1%&§lmcedﬂ7hé npodhehabways Gﬁrzlih exemplary

embbdim&lﬁqttlﬂ@[ode% RBPEIREYospTR oS %Fﬁxgﬁﬁr e&gﬁ ??mmg gl;:?%:]eglt dlpe rod is

%entlally parallel to onm
ComP‘i’ﬁ? fendem wnpstenend fiheanpil arapdembodirientet polsiger sa8khIa,
am ess. I n another exenplary enbodinent, the rod is

[017éL~ s dhen sKempbeasmbedinat, alfitebud goliMer AABId HeRloed § fabricate
ot.her ex enmbodi nent, the

T 1 c a Ol L
“ OQO‘FV ih Pﬁcf‘ﬁgg?“% |ﬂé’qe%n%‘?iyﬁ’18’h Ffrrgll et s is/a5q ¢lgpiEappin.b&he fibers

Comm1®tlhe§hc@\pan ebd ahgneal @ﬁﬂ‘@wléctmpﬁ?lhldgs SIPLEEAdO%vhich produce
not her exenpl ary enbodi nment ﬁ%f

fib
ahgngag e!cgggnql rﬁ eesrsS i (leurdglt eYseeither af g Bt dumeds aggﬁogndealrud)ﬂector

subst[rdtte or byl usmglauda&lral de@b‘lﬂiedq{er&ﬁ ngd Ly gﬂ:éiﬁ’ﬁlhﬁr %ﬁ(%igﬁgnt thaa mandrel

I is covered hy a conduit whic
s g BB G P EeROSTiss ot oA alseHoridnédhatrnetrospinaing by
mechans:hhmﬁe;cmsstfkeah@@ ethé Mighed Mb@é(usq{cﬁﬁ%% nicﬁff&fic}hlégfaia then rolled

Lnt r to t resence of
over chebg% flogé IR Olﬁ‘ne ndsq\fgg? Rolymsr yeudfond Fh®kertbd31afd§$tened to a part of

the rcﬁh‘ﬂb(lﬁié:aﬁ@lﬂongﬁt@dmaﬁ GOARRQSLI R a
rie ber s whil et he crcjglnIl G‘i’l‘? #ggélbe ¢ Ca Iglif%léed together by

anneaﬂw ? aidg?ﬁjﬁ’lf Db autpies a Exgnples oFf béhL@lonl 1nv@1n6tsdﬂl@énts or
biologixerguihasiye£81A s B R, schiRs: Jng(%oﬁﬁg&egerﬂ ess parallel to

its longitudinal axis. In anot enpl ary

[017ﬁﬁ nbﬁgﬂefg?ﬁg will Iﬁgm&dﬁqh&e et Lot tggbeg%;dLe gwi}g}%ps\%{!t inyvention,

ign fibers I'S COVEr
e‘(amE]é’ﬁﬁéyé@hﬁfe chlpsgretadfie rtlsmatqcainbynﬁhg @ftﬁﬁnéé b@tsle thdinvention will

be d r ment rod 1s seanl ess
e @g&%ﬁ% c@%jgﬁftogl \?%ﬁﬁ? %5 ?eﬁlgFﬂ g{]il’l\%odui[’nelit?,ll]: Wil bggnderstood that
they 3é§2 affintangeed b bhitrthe tnvehh@ i tﬁﬁ&t @hb&i mteh@ R oA the
£ 50,000 nm I n anaqt her exenpl ar
mvenﬁ%ﬁ dlnjceﬂ%& R (hov’er aQ FReLesgpodifications ang eﬂﬂb/ﬁi/@&bo wihidbhrpmey be
included Wighio @ie sprimit 4 anpé bEihe eXRMEbARY d@ﬁ&?&fwﬁ% pérl?i@d claims.
di ameter of the rod is fromabout Inmto’5, 08" n

[017531n dhlaebther(e:t‘aﬂh;ﬁﬁrw QARG RN he 1ﬁ%tﬁhﬁag§$18és aP&iaHfgss ?85’ FIG. 6

rd%mt Fg%about Inmto 500 nm | n anot exe
‘Fr% diFfERTE MT'AG “BRares 8P frrredecinpaudhs mmrab Eth pblymer

soluti (bID3$)GNHIBh biita il Gl

oluti 03B, c]c R olgdl?’?%?gjgérﬁﬁg dofglt {6 Eﬁ[)? Nk gontameii Hwthm the
Symgﬁr%ﬁ%tﬁy ég VDS Pl RS, is phws ofieamEtes pohp therrfonM in
whichi aScoinfiiiRrefa0eIntlo@ Wik Qe %p@g{&ﬂlt%é 8012‘51%{* b& Ptlgl)é]g%otﬁ? gynnge by

tr?nbodlmsnt the di aneter
controlleRg presre oo inke: Optignelish diffexenibha rrg/teeedaﬂmb prenided and

control18& tdjée%@éc%pu%ertt:tlg ehe (Plolwsrafe Wi b 2 g% fiﬁ% 1ngt (H]et%e desired

h F nm_ I'n _another exenplary i)
physicg %’*&Cé@n%ncs Phthemodymer scaodaba e RrARAAKhEss, fiber diameter,

pore size, membrane density, etc.

[0176] The syringe pump assembly 32 feeds the polymer solution to a spinneret 42 that

sits on a platform 44. The spinneret has a tip geometry which allows for jet formation and
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50, 000 run. In another exenplary enbodi nent, the

di aneter of the rod is fromabout 75nmto 600 nm In
wa@ewvgroexenpl ary enbodi nent, the di aneter of P€TES2000061253

is fromabout 2,000 nmto 7,000 nm[0172] The rods

descri bed herein can be produced in a nunber of ways.

Tn an exenpl ary enbodi nent, the rod i s not

electrospun I n anot her exenplary enbodi nent, the rod

dom unoriented fibers or a random
“a"%l’orgag g m‘@gh%‘gl"gi FreResf 4 sharge [imhra]angmo%abogké@rm atiopt 30 KV is
applésthiodhemgsitnerat Byl DRRUS oY We&%@fﬂﬁy ?&\%ﬁ Wik é{}gl I ed

to fabricate a rod with a seam brou
f ber s

[Ol’nq)l YManafleSfSﬂ(q/h%hegg mefifi &Ke%] ﬁllﬁg’% 5&53. ?I?Cﬁlédes A, 57B and 58) is

r|3|n e sheef can
pOSlBP%e@t Vb%rﬁﬁpﬂmlﬂ@d@e Ti’@tlhmuﬂselvﬁﬂmlhaspfMU@I%c@ﬂchlg}n&%ductmg

iGl STA f | 3
R A B ST S ey cppcin
regiqps P 2ad raendnd Ielqsta“mjﬂyb:eddlhﬁlﬁlgg‘mce 37D, %ﬁcl@ﬁﬁﬂ?ﬁ Efethc field is
ndr el ndr 26B. The fibers
crea%g?r)ggylbés'é?%e %I'L et tﬁ“@f‘ grg edhgelesiric field causes a jet

of the[petstmersplution mtgbbyj eedfeohh €lal sph&ﬁie?été ahd §irhe i hipY h]egxga%drel

i's then ro

f | ffold sheet
56B ai}OhﬁHl%qm h r%?@@&ﬁ?%%?ﬁé%c%@m%ﬁgwgt%@? %tbﬁ@ Wishiprf® The drill chucks

over Itse
are gseafded using lpeatndi wirédwIB hasipped to a part of the rod
to create a longitudinally aligned seaned rod. The

[0178hedthe Gag st @Sl oagudR! %}%Egh%ﬁ shX i ?QHS hRg s 1r§t\6}1%?1(/cémck 54

esl| on or sut ures €esl on
(atta@}?p\;g AL (%)nglllqﬂngdqeégpg é@h@gpthe secsmd hle‘&&‘ldaillbrcbﬁductmg region 57B
is attsetRliad b sadthd &Rl @8eR s44l (%tta%h%& 1o n rﬁgnP(gucgpg\ﬂ?gnng QE‘VA) which is

e in detail to severa
Conn?ﬁ%?ﬂ 3 BRtorSRAnpMletor S andieh e dinked tosd syake domﬁoltm which
contrdBARERAONH WG cH HALBES 1\% lgh erﬁlzi{l]cﬁrg gﬁ% Séaﬁg?ﬁ v, d1f?erent spin rates

descri bed in conjunctl

can bg PEvifere ntke snim ragp mill lghangadiep&tdmgioﬁ et ddshrey pl(ij‘j?.s‘i’cam t@ﬁaractenstlcs
nents

£ is ention hose enbo
o thééél?ﬁhg?%ah%kl 1. l(;ﬂ tm : }rll‘%]/%eﬁn lf g ]i(ﬁ??@ﬁffé’cpotr% siggpragmbrane

contrary;,
densify, ekr nat i ves, nDdlflcatlons and equi val ents, which may
be i ncl uded within the spirit and scope of the

[0178] nvieraniother agerdetbiynadbdyindiche tlﬁspiﬁeé}ﬁﬁﬁlx b @dEB a sEQhLS g,] roli g)roduced
the i nvention provi

via th@ Q:?et nﬁggp@gﬁgrl(lgln%pﬁa:réu n??fg%}n? bs APRAIBUSIS sEsilT g tegppparatus of

FIG. @pmmm usnRsel aropeoiuehig wushh@pBHbHG LMY e The
pol ymer solution 38, which contalns the pol ymer

[0180di sRadsweith tinltdh16 ¢ %fpd]ﬁn&%&%]ﬁgga EH“Qé%\ce(fm a.ygriety of

Wavs. ¥r|n e %ﬁsenbly Syringe asse
o4 %S? 1%%‘5%3?’{45119/0@2 PPhynwhiscAffad slorgmutaarbe3drapped

around @i uabige bhﬁlerrﬁﬂ AedtkibelneRit N Holymer. sol ytion %XI ts
nge controlling pressure ry | F &

Ionglteﬂllniaﬁ% aﬂ@r&pd fhreysepdpmet sqg Oidaltoéss c&ateﬁeelﬂfe@\@baiﬁl@ss%’idwnh a

seam. CORdn DFb@ds b8l Qed lifmed e flow rat e
the Io changeldgfégdyﬁgkon t d§%§£??g i gPBgPAMHO mﬂl“pmcaimound
opiinallyaligned rddp fome apyeb yaper pskya{eﬁ Qtdffold veth an inner

longi ARG R kRS Syer dnASh o%'te%%%hgned fibrous layer. Rods with

additional layers (three, four, five, six, etc.) are possible extensions of these methods.
Sutures or adhesives can optionally be added to the polymer to maintain this structure.

Some of these multiple layered rod embodiments may also be termed ‘filled conduits’.
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pore size, nmenbrane density, etc. [0176] The syringe

punp assenbly 32 feeds the polyner solution to a
wapionnegrier 42 that sits on a platform 44. The BEI/DS®OB061253

has a tip geonetry which allows for jet formation

andtransportation, wthout interference. A charge in

the range of about 10 to about 30 IcV is applied to

t he spinneret by a high voltage power supply 48
[méni ol% re 41 [0177]. A mandrel 56B (which, as

nti o CT A ET "3’36@'39 @Pﬁfdééowd"@ﬂBahﬂdf?(B@])YOuFopolymer
scafﬁﬂé rdd BrechtdsleorertsBemERE BP
Est el e&{%rl cal |y condugjgtﬁtr?gé%g ﬁ%ﬁng%%g {u%ge remfefl\g’saﬁlgned

ﬁbro&s Polymer gcpfold shegids Plaged around e longiswiGuaiy ahgned rod to form a two
layetRiowith 6R liknér (HIAYGEAY aﬁ%@s‘edq@a;%gﬁaggr ant%h ot g?{ circumferentially

ele trlcally conducting f
aligngddihrppglayeio| Sutirss o edfiesived etnmegiont tig be had@e the seamed polymer
d

scafﬁ)n)dm%ﬁﬁalﬁlﬂgs%@&ﬁ%ndr el 56B. The electric fiel
causes a jet of the polymer solution to be ejected

(0188 O'Ih‘aﬁ&héf’é%%ﬁﬁaerty%m R s e Tl e o has a

m Ccron -or nan

lnterf-qrbfed somwbwdmf?o&gﬁhmaﬂy lalibn €8S afd Bn SEOMBO&H dUR T ?leeve
178] The first electrica

B d 4
com O B8 RN 87 rorletly ihescices. s parslstionitadinally

aligngtl dibkoBdpolhtachschfdd as ABACSeAdY &&cﬁgecpﬁé‘jéi Qn%QAel 30 %lorm the
l.ca conducting region 5

nd .el ect
exter&%}tconﬁm of %Ie%‘ve é:brﬁam&%/rpptpdlblmkg;@e ﬁiAel(saﬁlpaQﬂqun pﬁﬂa mandrels is

increagmi-to artdgle kpdeg th eBdw Fer tﬁ@&eﬁ"@é{%@}tfﬁ) & g%ﬂgl?rﬁ‘e?gnna y ahgned fibers

or. 52 and 52A are
arouf{Pind rlgqlg@@l}y% iPERNebibions Bokvmer red. eAaenmmem ‘olformtitcosxterior
condsiponsleteoManddBly 2%Bed @@ﬂs 0@1@ lrJ)tthorgb% { anlg]irﬂgés increased to an

int % can glﬁ provi ded. The rate Wl
erf&%%& t ?Iﬁéﬁ&@@?thé@n&fmm% ahd gharramrmuas ammn@ft of fibers
that alrd) &e]ﬁ@itwﬂ'@ﬁ tl‘?ecl@flélﬁl(ﬁn Ilgnew dud )}Errtl]elérsrgg e?)g)fr}gfmpﬁal of the

ter, pore size, ensit
Scaff‘g‘ﬂ(fgﬁ &P%%@mm@rgls,éh@mum@ seatiessifibrend padPmpF QMHBREwRh an

interiS R @ ds8doPion LQMQ ect r.ospi nni n
appar at Us sof = cﬁﬁmw ﬁ’%‘ggéﬁ’ SE e dian C§Ferﬂqrgf’“‘i‘6t ¢thdeeve
compgpfshefither e Ctmf'@enaalbwahgi@dmmmaﬁgneﬁa%eab t ower 40

whi ch holds the platform44. [01 80] Rods with

Eﬂkﬂhﬂﬂﬁhﬂle | ayers of polymer scaffolds can be produced
an exenplagé enbodi nent,
& £ eattold,

i n
0183} " a?ﬁgeﬁggﬁmwaggﬁ%\gﬂ?é{%eﬂ,ﬁw BoTms hawthgshenseef a filled
condig: oﬂrﬂjﬁltletcbccmdus Icehebﬁf)rddlilleed @ﬁft‘oﬂjlgﬁi@r : Peéjcd?ﬁﬁﬁ'l@fofr}r{%dgg described
ongl tudl nal Iy al Igne
hereirt )éﬁgﬁeff e g Tt died cpRdiiis coptmmeed @%@n@@g@nw aligned
ﬁbersw"_[thms fllgeaareridlhan ba aflb&yeouﬁghgolbdwﬂ m3fh Oﬂél &%S%ple&y
i bers is placed aroun

b ed . mcro/.n
ermbo p‘ﬁ?e“'.'t el %H%ﬁ Weﬁrlﬁa TPEFRI S aftammambmemayhgnq@hﬂmﬁmr The
matcrsub a;fthodl dlrwﬂyhnﬁﬁ?tcd RiEHin k@&nﬁﬁﬁ'd@?&ﬂb\éﬂ %'c%o%‘%%h hg 5883 ation of
the ali agﬂ,band an r_unal igned fibro ayer §8° QiteH

¢ alignédfibers paralle to the long axis of the conduit. In another instance, a rod of
longitudinally aligned fibers is produced as described herein. This rod is then either: (H
directly inserted within a fully formed conduit or (2) used as a mandrel around which a

fibrous sheet is rolled and then sealed with sutures or adhesive to form a filled conduit.
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additional layers (three, four, five, six, etc.) are
possi bl e extensions of these nethods. Sutures or
wa@ellvespores can optionally be added to the pol yr&Er/Us®07/061253
mai ntain this structure. Sone of these multiple
| ayered rod enbodi nents may al so be ternmed 'filled
conduits'.[01 81] T another exenplary enbodi nent, a
Iongltudlnally al i gned fibrous polyner scaffold rod is
or Wlth a seam Then a
i pdd Lerpesentscaf f ol d

IIfShéMl IS pI aced ar ound the I ong|t udlnal ly aligned rod

forma t r rod with an inner |ongitudinally
[018t4?| g‘ﬂ@& FF W%U @9@1‘“@?1&11%?9%1995@0@arﬂdmﬁrfpebemjflsadtﬂfqids described

heredtl fugthetlcdriigausScdlaye
, hﬁﬁfﬁ i ona? I Ilil{Ii)e added tehocetﬁ II%HE ggﬁg{]ﬂ %% slc r§n§)¥ %Isng 3?&& %G pfpngled
wit 1ﬁtcgmo§1ﬁpgq aqd/oichralymer feafifglz] lhmnametphiry ex®opindhy, the cell is
RO ditEELG yer scaff ol d
cova g(rill or ; ocg%ggl%%ﬁgﬁy %éspgﬁgé?ltxgglil ﬁoyipé)'S}tlé)Hé ancF/Pbgcﬁgmel
scaftlg p of theipventiosy. 23 el e[rnlmdlrstrée,\ﬁhe cdhﬁoﬁﬂﬁe@fo promote the growth

of 0 d fib
£ nesi flé}é&@f &L Q%Iﬁﬂé}@}tlé%l X arﬁ@ﬁ%% yhs % ace gs &gﬁlﬁg{sglﬁ%tled fig@n autologous

sean] ess
(dongr-agrck rgFigyiqns afcetbe isarate anﬂl‘aduazl)a stibphed {'&bh@f fhd 1cBipnd 8Fc not the

d I
e T A A ———

circunferenti a

from,gdififerient species). nbrdeaﬁemptcmy ambb gimspan cflplbﬁﬁolé Q}Q‘te%@éelf N an
al 1 | bers

< 0 circunf e tially
i g%ﬂﬁh%’{&h%ﬁ o ﬁﬁlwaaftg’? &t Sﬂé%l CI‘?IBPIG%GIBBWﬁ@m theeckell is a
mem]ﬁ@ItS@lGMEtdl ﬁV@h)ﬁn aﬁultfsmdlhﬁld@ht @hb9bne QRN b&ll Ojf(‘In SoBRY Exemplary

[ ers, the rotation
embo%ﬁméﬁéﬁ% aldélt ste&“? 8%[% Hnbg %e?qhyg}%@pafqglsgm (dbated from bone

marrgyy eareautigosb aliehived adilt stehinralls BNYASH I Wﬂ&ﬁ&r&kﬁblary embodiment,

pent of fi bers t hat are deposited

the S"?J“ i LAITHATYS) salertHde™ mepeigat, wlymtpnrs Dhll‘lpUmnand totipotent. In
an exelap‘twgale fobditnli@t a6atéiplsd h g%q?
the vy k mﬁ |L:Eﬂess fi blgrg%esﬂ;%gI@%/lilrerﬁ1 sca %r%%(%mvjvla%elghommem

PRORTRIT SRS e b @dtSomyprﬁgtstMrwnabr gelbsdhérndtepsictic
progeal’tdr &l ?dﬁcﬁéﬂdbﬁhe@ﬁ | of ei
el 1 L CU i %ntl 1 éﬁ%g{rg?lse%e%n%ﬁ{égg %enﬁ%laléy © Igcl’cf’é‘ﬁm the
SIS HHEM ffPIaI”1 Iaﬁo sespBmps aidrqrb geitor célie In@hymEf
exempla érﬁb@’dﬁ}%ﬁ e ndui. t
Rt o et A stlols i 38 b e uscle
ngef“é‘?fn@a‘ 3 snypelectiom el nemnhnam tnaf)eof i Inl eﬁjthmE%mlﬂhry

bodliatent e téil | hudi na
o %l |eélnedef| bgfésjmegl%?lgée?efcllt er e ear u%lv Cé'gar%g a® Y564 rpmgemtor
cell, ah\iaéclzﬂ o Siensal omaembinationy themof. ekearpkler exeMPREY BBBdiment, the
cell istahBernbéd @epRt i?&haald t‘?lel?ljar“ gellrs é?elineﬂes,l é%ut Ip?%g%;n;orrcaeﬂs glial

of aligned fibers.
progenifpretipdnopral kiom ediks, E@mmplﬁlcﬂﬁ&ﬁﬂs becbhbinetibhawhtRot NG another

5 i dflber arallel to the |on
B8 oL 05, R el Rl L e
a vascplygg g@lﬂ ubi srithey eabmgfmejd efibbdifent $h@éé)ﬁk&%&ﬁexﬁ§er@%&%fe‘d%ﬂn an
adult 6! §élf‘ a SHH ﬁro%gtgtor celtl aeslktm s(,etgm ce%l Recently, the feasibility of

nanofiber substrates for guidance of cell growth, function, and organization has been

demonstrated for fibroblasts, vascular cells, and mesenchymal stem cells. Zong, X,
Biomacromoleucles 2003, 4, (2),416-23; Li, D., Adv Mater 2004, 16, (4), 1151-1170;
Boland, E.D., Front Biosci 2004, 9, 1422-32; Bhattarai, S.R., Biomaterials 2004, 25, (13),
2592-602; Yoshimoto, H., Biomaterials 2003, 24, (12), 2077-82.

46



10

15

20

25

30

directly inserted within a fully formed conduit or (2)
used as a mandrel around which a fibrous sheet is
wo odo7eghiend t hen seal ed with sutures or adhesiREI/US2007/061253
forma filled conduit.IT.fi Additional Conposition or
Pol ymer Scaf f ol d Conponents IL b ) Cell [0184] In an
exenpl ary enbodi nent, the conpositions and/or polyner
scaffolds descri bed herein further conprise a cel
he cell can be on the surface or enbedded or
[01 %ﬂt an@@H‘%FWHPW“‘E% the agbsinbeddes cangyositiopekydrer polymer scaffolds

desctRb fheteth cd t,
i coval ently d;%fgbg ﬁglgﬁgér&%lﬁ g%\%g“ﬁﬁ ydlér{séél%lgnalttgauw [y another
SXCHIRig Uﬁ%{ﬁb@gmenb ey odirst-embpddegdmiyrs edchfibis cafi bt heed to develop

bV e ce]l is utilized
] PP OB ARIIPIEL rabllE o he wir R dipridp pervons
tissusniengitiae pell- emhedctwl folymmemscatfoll’ cas b agdded deb@lﬁp vascular tissue,

d h
BB O90US AT B0, LS BLE 12054 10 STE i o s and
skintdel em&dadmhlymdmaddffohmtwarbe ub&DID defelopaie, SREET €S)
and heterol ogous (donor and recipient are from

[01 8di|] f f@eﬂB thn $P &€dogSoratet Rvifiiin mﬁsﬁloﬁ@ﬁ@o%@grmﬁ% Enfeaffolds after

I .S not a sten1ce|| In an exenplary e
ccc?ﬁﬁn@ﬁP$°TEQ% faristiert | . In an exenpl ary enbodi ment,

the cell is a nenber selected froman adult stem cel
1. foh Bigolgelesoni ¢ stemcel | . In anot her exenplary

[01 SQFJO od b%lecutl@%u@ﬁj gé b nﬁ&gfp a%?c{ l %m?oag]cu? esluge\;\lioe g}p%)d(faﬁl&%eecovalenﬂy

st em cel erive frorh one
attached pyBen-aeNd Qﬂﬂs't aesmcwbdi SiADAB)mpositiamaidier pExeRPSArs1ds

nt er .sel ect ed
dcscﬁglg’(g%dt:rgﬁxt In re}tlt&tgcrﬁg %gl%lbgihmcn? t{i‘eﬁ%mé)ﬁ(asuhcoltslaﬁa?@hfr sC cﬁtcd from
a recgptog Wm yx’r@am@ﬁdlanelmtnx b%pm&inlt ot 8 bibche@gRNn fdctHr In another

h nbodi ne e progenitor
e R PR A TR S oot TR avrep ector
and %éﬂffesentilaenmfamm dh |an ememgbhy t@bodiftlehs th AP nRMIAN B lal Bbmber
sloBPAEN Elog Bl Bl BB PRSP 2T, ST e e,
biompiewgnis b onerglsdrisslecter fmmhs@rm@xemmgmﬁmgaﬁﬁ Rhifatk he
ect d froman adult nuscle cell, a

m@“ﬁ%g@ﬁlwgfgggﬁg@é9 Feo ‘a nmuscle stemcell or

|nat ons th reof I n anot her exenPIary enbodi nent ,

015§po g BRtihering Erbegmarnteiinst mlegnledtiiich mag outray not be a
b10m©%chle) & 6P atRIRASH kﬁ%on&@sltron%n%%%}ﬁﬁerssggf%lﬁ%lf bhe

qﬁ%natlons thereof. I n another exe
m"e‘%l?ﬂod‘" ﬁ’fSt mojgsulestan hesusgd feimirpctsathes sagnfl boymaldalit. Tn an

exerp@ity @mbe8irhéht, 1AL iFddt n‘fﬁla&ﬁe lsnaeﬁi‘ a‘}{d%ﬂ? Péco%d b‘foerllole(‘:ule isa
I|aI rogenitor cells, neura st’em
mem g@% R ZECePET rgolgpulg,dmgq:hq:anpaj nfscttnh ereoth. fattnr and a

d1ffel%ﬁ€i£t'ikﬁf faB68 MRl & é’xérx&%&? ééﬁg%tdlmgﬂ t ef{r%ﬁ rgg]temélﬁ ds %member selected

selected froma Sc a f|
from higparin, Aepasan pulfate, l@nman@nlfetx@nqztb@glycmn‘amd tombinatibidethereof. In
an ex€8lblart Sm@ er, fr.om,an adult skin c

o I&)nar% : 1819 8%@%%? l(':nz F%c%ﬁ&%g mole ule G 154 = felecﬁiécg%ﬂﬂ ayreceptor
molegile, Hiechsinthi¢dl ifagtom ferowth factor and a differentiation factor. In another

exemplary embodiment, the first molecule is covalently attached through a linker, and said
linker is a member selected from di-amino poly(ethylene glycol), poly(ethylene glycol) and
combinations thereof. For biomolecules that do not bind to heparin, direct conjugation to

the polymer scaffold or through a linker (such as PEG, amino-PEG and di-amino-PEG) is
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nanof i ber substrates for guidance of cell grow h,
function, and organi zati on has been denonstrated for
wo p@roilest s, vascul ar cells, and nmesenchynal BCEDS2007/061253
cells. Zong, X., Biomacronol eucles 2003, 4, (2),
416-23; Li, D., Adv Mater 2004, 16, (4), 1151-1170;
Bol and, E.D., Front Biosci 2004, 9, 1422-32,
Bhattarai, S. R, Bionaterials 2004, 25, (13),
%5 602 Yoshi not o Bi omaterials 2003, 24, (12),
also g ! 1[ gnothe) CXWPMFW@Pd@m‘@dhﬁmeINUéC is an extracellular matrix
comBhdirt W&gg@ﬂmgﬁﬁgps%ﬁéckéa%org r]‘.%&ﬁ C}X%};%I R anfe%tl%fe?astm

. described herein can be use
vitrqngeidn fHhrnegsn.cieaylysine oiss cell ﬁdhqfﬂmﬂnalorrmmgmb@lpyphdes and

comﬁmaﬁghmgfeof W@Q&o@ﬁ’ér &E'i??gg)z gm88d1 tlgeeﬁf nglr%zl&%ig 21 grgwth factor

used devel o p nmus cle
Whlcﬁ)olﬁ Wm@mb@aﬁ@t@is&m rcllé ﬂ&eﬁlabbgrdeme F#eporeds¥OBroblast growth
caf fol ds can

dded r s
fet e T A e B REPE FP B Pl efomtn factor
platedet] deriyr n@gdﬂielﬂ fpﬂbi;{ nnsfoaainbaréstICRABtod %etus@&icﬁlgr gﬁ}b@ﬂl&ﬂl growth

p rd S nd skin cell edded po
factosr é#l?ér[rrf Towt b gzqaraglaoca;ge gmyﬁt sfrﬁqcﬂr %I}dsgqy@]amTtM@ ghereof. In
anotlﬁsd dxgnrp:beny lamboﬂﬁﬁmﬂ Olha‘bﬁﬂnd%&ﬂé B d MECEARASE B Svhich is a
| ds after electrospinning or

mem%el %eq?ctg(? F %’g}e §rt > C l?éj:ﬂquoﬁ%ﬁqowpgshe[dgg_@g} bape morphogenic

protebnsgmmtoadlgmdg,smhaascommmio% ¢hedd, amno acid, sugar
or lipid) can be covalently attached or non- covalently

[0189F S QG dr8CGmblcb el B8i GORP Qéxbe{lérﬂﬂf %g{lé%{ topcﬁé é&eymer scaffold of the

scaf fol ds descri bed herein. I'n"an exenp
Vel BHRReHIsed tgy mterpefipitiee icmdlecude ffenbmmpie,l segroedh Faoton and/or

ECI\/BCJIﬁﬁ&%@rm@H&QH |s§mu?c1)fet AAGRL %Hmﬂﬁ RL LA rce%g%lo qu nt W%odmlent

a biochem cal factor. In anotHer exenp ar
the pphyangsiseelieldicen be fused for wosmd heelinis knd diedﬂbmdlefcm@m/}ﬁch is a member

selecBIdomb A afnaé%'ﬁ‘%elgpg‘ Iﬁa‘rﬁk Slrp ' at I gvt[]]ix ]:gaao ogr(s) rgn%#@é?ntlatlon factors.

exenpl a nent,
Exanaplpseef mjemtreé faqybrp cf@swnmrrdi@lajmg I&ﬁhmémbﬁﬂhem@é Eﬁl@@ﬁnal lRowth

factog‘QEgE§ rléé’ rﬁ%ﬁg{g‘gir J?"EE eh:)fgi?%)%) I(gggfz,ﬁ:@ cﬁ%gﬁ]gﬁ growth factor

(bFGﬁmBﬁépbd¢¢b¢ﬂogﬂgmamhdhdoﬁOMDGBﬁt|ons t hereof . [0188]
I n anot her exenplary enbodi nent, a first nolecule

[019qwhBidmeiryules carblye M6brpbRitd -bit@ﬁiqh@e ﬁas&%cr%nsgdg\;ﬁéf ﬁﬂghé(?n durmg

h t d/
oA N Rl PR A OB AL g el el S

covaliont attaabineii difeotly SR GRBAgIDlARIEFILR or by ATBKENP! ary
enbodi nent, the first %Dlecule is éWE?nkefﬁ and t he

II. /38 QWQB‘@:&IeDﬂE&I MR, ia%le@E.fE? Gl Bl Sk Sl ¥3).3 lation

0 ]aegg tor nol ecul e, 1 OC
[019 é’h&Ffl?@P@ﬁ%lisa%qceﬂalpls@mmlenr RamplseRe nmhaireyl in compos1t10ns with
the p&RREbd®Ids dtBe fﬂd’eﬁﬁoﬂ %%Lgx% S TRITRES n%e%e 1nvent10n provides

from heparin, heparan ate ep ran suf
2 COMPOSHLBIY l}léléhs 2 phvdmeomiticalafbmonktibh eompfisingna) a polymer scaffold of

the invention; and b) pharmaceutically acceptable excipient. In an exemplary embodiment

the pharmaceutical formulation is a polymer scaffold in which a pharmaceutically acceptable
excipient is present. In an exemplary embodiment, the pharmaceutically acceptable
excipient is a member selected from inert diluents, granulating and disintegrating agents,

binding agents, lubricating agents, and a time delay material.
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an exenpl ary enbodi nent, the second bionolecule is a
nmenber selected froma receptor nol ecul e, biochem cal
wo 20v09010nprowt h factor and a differentiation fBCT/U82001/061253
anot her exenpl ary enbodi nent, the first nolecule is
covalently attached through a linker, and said |inker
is a menber selected fromdi-am no pol y(ethyl ene
gl ycol), poly(ethylene glycol) and conbi nations
m%er,ﬁof. For bionpl ecules that do not bind to heparin,
(01351 cLhe Wpmmacaticahforputatienyef thairvestan tal thker ahiegugiforms
adated toke lché UG Bu RS MRERin i@ R0 b = am. no- PEG . .
I'@tsal so feasible, TnE?ﬁ%%@é?@%?g%}ggﬁgia%‘ﬁﬁ r)ef‘?%uze various
synigeirgedodriosics that negst baenaploytdio prepare xou oo phatm iG]

fornnBatforSBRREHoR A ' col lagen, .. . :
o ?Jr onect | nc,)‘ el %g%eie%,rﬁ ﬂ\’? ?@ri %)%éeygﬁ) n, hefr?%lr ?lﬂ’(?é% fiilled in the art will
recogpizg yin Eariey ledmoubic pt msicontiqatlg bt figh | 9b IyBEP Hisl By be used

i | ' reof ~..1 n_anot her exenpl ary
O P R A o6 1 S5y Bt PRLror ot cpropylens
glycph minerehgibrvegelablt @bard dimedoildiloxidepoest gr owt h

factor, basic fibroblast growh factor, nerve growh
[019Bhc tTite, cobrpaisitiode bF uRAnRE oA HIBNY finkiREkOEd through surgical incision,
to i'aTISUl | na-rl |tke ?r.o h factor, platelet derived ¢ .owt‘(ﬁ oo

Pl GrDaryeraly 4R APsage g ipimslatiqnscoptining vamvntignal non-toxic

pharenndattivelly atceptadd barfiah! ﬁ{juva%@d. Arrvmlicigr owmt h factor,

kerati nocyte growth factor and conbi nati ons thereof.
0194N anahhBEr SEBPAILI niaRAd] biomolecule i s a
: d'pf ferentiat | ;ﬁ{r??flggety%r m%ﬁgtgorgﬁﬁgigg{ésr grgdé?re%qlgaelf Ye8felds
descglt)?cb}heépm@é@ Paof pétd Fhackiv can eomprisehredgsthogion bomeal that teaches a

o har ot e R R vl Bt i

1. 2" EsEOpRLEDEbYpALAR0ed to the pol ymer scaffold of the

i NV to interact with a bionol ecul e
[0198F ofin encihgi asped, grompdvifiacsthe andhasn EVh GOUPBRAMN kciffbld) can
beuffidPL Al MUALE Jouri te growth, 10 angther g

exenplary enpodi et 2EhEss TYiTer 1SeEeA) tiokogirabingtier) In an
cxerfpdary wotbodirhes) tho gomdBsitibh gl RERL e AW ©brbsosthorve function or
musc'f?ﬁi%%{ioﬁerlﬁ‘:t %‘g&from an ei<t racel lular matrix

compondht” SgP SNRGoP Q& BT lag depcion i psblieat i lormpther anpsct, the
inverfionnpbedesof mpetoRINf tBlatihaeh af sryfiak s8R shaakd ising:
Contaecghancg nt incl ud@jI ep;i %_er mJaI yg;lr_gvs\»t hjéfeéc?t o?hé(tg%l:f?mpmmg' @

VAL 0 A P ERE YR PitharaRiusaelly sikotize apopmaRyf the seinposition of the
inverftiony oifficisit wreesat thefiarb-pr m HF é:{@npq?ﬁ? RhRuEh & ﬁil%rcioﬂl%gsition

no €

conta,%ﬁ‘{}é“h factor (PDGF). [0190] Bionolecul es cah
CHABE B8 et ebthgiS RO i@l espoaiathees bl arh embpdierni, ghe injury is
a meibed sbcaldefedrh ARV &RE RGN 2 BOSEsJARI £t d

mol ecyl es can be i ncor por at%élq%rrg&%lsgg%ie%é}?u%a%’adamaged

10
musc?%@é?\é&?ﬁ fopd vRssshe dintaged Plpodrvesdeh.oudiin wanidaisd bruised skin. In
anothlet B4p@ES tHRMnPINtRASREPHELH meldod Jf%}oﬁg%rtﬁ%?egﬁt% sgu%)ield said method

Accept abl e Exci cent s/ Phar maceut i"cal Fornu

comprigipg (@) optagting seidiubist! itk e deptuticalx effpitaptangant of the

comis TS B, HEQAPESAL 2, g5 SELIT, n i
embogd ippad the Hissuetin & mankariseloptep fiowi tescle tissue, vascular tissue, nerve
tissue and skin tissue. The compositions can be used vitro or in vivo to test for their
efficacy. In another exemplary embodiment, the subject is an animal. In another exemplary
embodiment, the animal is a member selected from a human, a dog, a cat, a horse, a rat and a

mouse.
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a conposition which is a pharnmaceutical formulation

conprising: a) a polyner scaffold of the invention;
wa@na7idoiphar maceuti cal |y acceptabl e exci pi ent.PCHUS2907/061253

exenpl ary enbodi nent the pharnmaceutical fornulation is

a polymer scaffold in which a pharmaceutically

acceptabl e excipient is present. In an exenplary

enbodi ment, the pharmaceutically acceptabl e exci pi ent

Ol%ﬁ aEI gﬁer selected frominert diluents, granulating
d SOl uiete s5empken o hasisasip fig e agumpsitiohsibf fhe atvcngon.

ents, and atime delay material.[01.92] The
1. pﬂ | ations of the invention can take

01971V aki Gt Subhe.chosen.rout e .of

09 RO, o S Pt

replgcecssyered er damigedsiesyast I(dtd wse Hefds mmegemeesndrh@ﬁ ddiBabeh %enpheral

epare nonstoxic rmaceuti cal

ner PR AT B RIS UL B2l oo, et

etc. erigheral Mdressears lcmlnbe.dadl of ehe filsers trﬂlat funl R&AIRE %Ifinﬁ MR various
Q ceutical |y acceptable

ot RSt A PRSI oBISIRCRUL SR SERERLINE o

ven

motqrcam;icsamdmy Gifnctibe at the &BWeOmencStuﬁéétsasln‘@ﬁé Blost s%tzgi%rfe}ms of injury,
oj |, vegetable oil and ’

L9 ene col ner
the r% e”l% ﬁg}{nglf??% Q%Gée‘iﬂ m&gb%rgi @1%]@%@11&5&%9% thgpgoxdfmal and distal

nerve ls‘elmmv aihi In@ﬁzerfﬂ)ér:b& B8 ploxiSh e Rcth L @iﬁﬁ%ﬁ% &{e?ﬁlon but are
caIIy, or parcntcrally in dosage uni

i on
u“db# ncfﬂ %&‘ffg% LB AV S 4R dereshibent fewanilliwateroxThms it is 1mperdt1ve to
bﬂd@ﬂﬁéﬂﬁﬁ@ﬂgﬁwﬁﬁﬁhﬂmﬁﬁ&£@hﬁ§h€wﬁﬁ§ ﬁ%%@%ﬁ%%%%%g%ﬁjqaﬁ%sﬁnnnhe

ﬂﬁﬁ %@ I n, anot her exenpl ary
PrOXHBHPGE 18 nfatﬁdh%fhs o Pgrresesmentf ol ds descri bed herein

are part. of a kit. This kit can conprise an
[0198), s {» g slinispl sigatien whhretthe gan;lbmalaletmat ihddmafed f# is no longer in

contlh[h\ff r&é 'léké?t djﬁﬂ:%f‘/%ﬁe q&gé{dfdpneasﬂy cf'ng‘gg)fuf tpgﬁgge[(r) ggzg%ﬁds aescnbed

hereig geayhes usgdpdbe pob'rmrmp@fﬁmlﬂlcam bofin theshbpwey d:(ﬁﬁlu(tszkl gilled conduit
n.a subject

ora € 18C b d
1%3 @njﬂﬂleé’ ﬁrﬁ{ 1 §191@H r?ér% i agxftg%btgrso%%ﬁ%% ochB‘J aérlgrglpg%ﬂ The

ace, regener
ahgnﬁ@l ﬁbthQ ISCElﬂCQid &an bx enplaateyl ie Aee rdRits, to thRarc@ MRRR bk ration

acro L f t
RORUTERY ah FRTRTLD iR e e oA o5 P Hepakins et o imbs

The SCﬁffalds m)]yd&“tusedl in alih &ht&ionﬁ&ﬁ@ﬁhng tR€or VB0 M aged nerves where
an injury ina subje

the gl nglf i erven%wg? nggfeg(aeg}lg GhioRIET 7% dss‘ﬁcre%ttﬁ@p@@pt n cach

case, Wid svatfotdesdd duidize &ld t)&vcﬁefrfd@ @)F then 2D ¥R kuRfed 188he nerve segments
t he i nvent sufficdient to treat the

LGl
and egﬂ%gsand IdHegc&L%;(e&?B?%P?n 8 %? ﬁi@ﬁr{s frqmy @%Rymg@*@arlmemq: segment to

the dlstaih halvb segrhents Uk eegiRtidall§ afbh&1 Gherb BBt LRLPEE th%gcaffold would
enbodi nent, the injury 1s a

h |.a
be ahglq o& eeréaeen)g(lsﬂg] %@}F&rw’caﬁ% th: angEPrEgens. démy the aigned scaffold
fibcrsSc&M&f eodviaespbafic guﬁﬁﬁ@cg@ﬁs kb3 ‘Eiln% ct tﬁﬁ ?%\éﬁ&%ggg lng%g fibers

eﬂ,.vsgsel, gwgana ged bl ood vessel
ICIEF N AEPs 4G Wy g2Bndibh é‘?n%@éﬁ@ﬂy allh@ed epngnit ipotymer scaffolds may

functiph OYi ftieiSpramBBhH afeQbd SLRWNG RS HEVL ?ibgrssp%lg{t%%ted a8k Qhe
peripl?e%f 219 %e proximal stump. The rod shaped and filled conduit shaped longitudinally
aligned polymer scaffolds may be capablc of continuously guiding all nerve fibers from the
proximal to the distal nerve segments. The polymer scaffolds may also be loaded with
biomolecules such as exiracellular matrix proteins, polypeptides, growth factors and/or

differentiation factors to further enhance and guide nerve fiber regeneration. Extracellular
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conprising: (a) contacting said subject with a
therapeutically effective anount of the conposition of
wo b@7iospaent i on, sufficient to facilitate growpPCDUS®aT/061253
tissue. In an exenplary enbodinent, the tissue is a
menber selected from nuscle tissue, vascul ar tissue,
nerve tissue and skin tissue. The conpositions can be
used in vitro or in vivo to test for their efficacy.
. n anat her empl ary enbodi nent, the subject is an
matriz, pipigins Wﬁ*g'rﬁ?i’ Wéradé%bﬁ?ﬁhai’yl}’@?ﬁwdafﬁddi inchude calageml, lansinin, and

fibrodebBDEF 0wl BEHLRIVAILR B AL E&@égl otP l@hg\ﬁcﬂg n@r §&ko)f Lf@gg%}aamc

a.rat and a nmouse.[0196] T are exa
ﬁbr"lbﬁaét gewgth dacter aewys mht faetos and vaseelar endoihélian grdvhh fa@pr.

Pob RSt el LI ORES, KR AR RIATRAE B s Bebaed
polypeptidsp pad @r@guemgdetmpcdﬂm@dd% nethee Slonﬁléclﬂl@ewhlﬁh £81 be added to

the [;orpﬁnéresgzggﬁfdgtlﬁcque e gmn a (gﬁ Igaggli:g‘ﬂg’é 3@?&‘&'& These

her nerve
blonmlnqudfrmnelsm teamséto nbrahﬁt&mﬂy&memp Bﬁﬁﬂnﬁh aredE bed B@@}F onto the

f nerve fibers that run fromthe spi nal
ﬁhwﬁE?aié ;§§%%ﬂ8§ end targets throughout the body.

erve injuries result in at least partia
[019 5 Psd %&‘3‘?@? Caghbr QJ@ RebFIA figgebioi mitch tha smecifierequitnems of the
patich&’ gextv& injufies. NBorBSthn EEMR i8nd Ui iBeRfs dith Eéﬁduitp S bR duits and
th | et el Eevered and a | arge 1 njury gap
© OB%M: PiE Pridxrateibapstr i senscaioldsecas therfpan arrm lmm to about
20 mier #eadoitRelefe@blabNEmBs cﬁ?ﬂeﬂ? Ithee gm%{e?s gﬁf@egi!‘r enr}?alﬁ)out 2mm to about

eneration but ‘are unab O SO €
8 “H@agbal}oéhfgé?ie%m amb@@wnwm, |thmé1t:1megers Faulse fromi a$>0ut 5mm to about

10 mk{TRE Elﬁéﬂh&eeﬁeﬁlﬂiﬁﬂy%ohﬁﬁeﬂt NjpY rd)llangégrsvgla}l tBe @:at v rl%,oglt ?P%to about

that efficiently gu regenerati ng nerve b
15 mgy dn 5?@%FW6HH%W\Y@H§9@QWW the dtéhmetdub stabe @iy gbout 12mm to about

18 mBE IBMothek Q:l&ﬁ%lal—fmﬂb ciﬂn@hé: ‘?he d'artnu etﬁslo 031%01%?932) f.}mn 1.5mm, 2mm,

peripheral ner
2.5mpp et -Spm, émmeh@mnolﬁmmﬁ ﬁﬂmm l6ang)j 6. sﬂmnaﬂnlm abmgm%m

f d bed
sl 6 80 o AL S L, DSl 0,20 85 1 s,

used. ‘The pdlyner s¢
14mg olhEingm, 14moi] 11 5ethump hétuirt, 1615n@m) Dtinm| 07 8fin€S 8kBAL18.5mm, 19mm,
onti nui nly occur at the

¥e di.s t
1.5 bk 81 IS8 Y5, LRGBS BTN PEEME, S ot
scaffolds phes:ﬁ'yrfegn dos td ab@nff@mhetd’lﬁrc%ﬁuﬁ&ﬁ%@fa@éé A A6f ﬁ’lﬁﬂﬁy gaps.
1nan8£8ré 4 om;ﬁﬂﬂ Ehe return_of notor and
ensory ﬁcg’tdl&on rP%n & SPRifYd Lengta cap b frgmpbopgom éo about 15
cm. ]unseldthem ead:rhp]sar}t erabodimeni, O] MFBE 19hS6 RRE bRYQUS IAIRIEH to about
ere t en the nerve stunps is large

s0 ol TR ABSLE LS 035 Relieen Lhg herve SLuIDs L e o o
abouttﬂﬁ@ms mﬁﬁ(ﬁhek aettipthrheh®e8ink iR, thwRcARAS 1k HE fu Sﬁ‘cYLﬁ about 2cm

t he erve segnent s and enhance an

0
to ab"d’i‘% 58%% Lﬁ‘ﬁ&"ﬁ’@ %Wéim@ﬂlfﬁ@?tvﬁmfs%@@ lengthrearhlec about lem,
1. SCnprZODﬂ MCnﬂefzﬁﬁi%S@ﬂlW&h igcﬂnh?crg' §§§th @&ﬁv@S&ﬁg’f%ﬂw 5cm, 8cm,
e

8. SCmSg g%grrb\ga%:lg,al | Igl lllcrr]nedllfSIC?neHSZCItnh?’t) SE&W?gcsm 13.5¢cm, 14cm,
14.5¢m, 15cm, 15.5¢m, 16cm, 16.5cm, 17c¢m, 17.5cm, 18cm, 18.5c¢m, 19cm, 19.5¢m, 20cm,
20.5cm. All forms of the longitudinally aligned fibrous scaffolds can scrve as a replacement
for nerve autografts, currently the most wid ely used but far from perfect form of treatment
for nerve injuries. The scaffolds may also be used to bridge long injury gaps beyond the

range covered by current synthetic nerve guidance products. For example, injury gaps to be
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be aligned in essentially the sanme orientation as the
nerve fibers. Thus the aligned scaffold fibers could
w@e@vioglaospeci fi ¢ gui dance cues that direct thRCT/US2007/061253

regenerating nerve fibers efficiently across the
injury gap. The longitudinally aligned conduit polyner
scaffolds may function by first pronoting directed
outgrowm h of the nerve fibers positioned al ong the

of the_proxi mal stunp. The rod shaped and

. i phe
bﬂd%e I %Ub% Yrd o ‘imsﬁhﬁéwq@ﬂwtmﬂd?mﬂamw alsmlgnﬁmapalhyr@mury gap, and
a ro8 §Rdfed fdé%rrﬁ@fysc@ﬁbﬁ%%%@edqon&?@%)bﬁ)tﬁﬁelﬂ%ég/ffcggé %hg?)\? 1€ most

:gerve i bers fromthe proxina
pre iold shigep Eiryprere ropererasiodsicney ledsinjire gapaded
mnth bi onol ecul es such as extracellular matrix

[02] ot Jai aed inigad sy o wiese a@bﬂpﬁdﬁralfr&@(r@fs&iaﬁﬁ%é@ but not severed, the
t her enhance and gui de

fact r
1011%‘2411‘8{11%[1? %@é&r @Qré’HeF fo i‘?ﬁ“ eé?&iﬂ%eélda HHS FyeREeR icsn pe shappedes a sheet
and whidots mmpmomdﬁtad nkvetang/op @by B Eh-gRakt %d?«,%r'fﬁfe'd%ﬁduns or
conc\ﬁlﬁs ﬁg?nsert @@ B’m? %leflbron ctin. Gowth fact
SRR RHde b e rlamsaed rRglons (B longiudinglueligned fibrous
scaffudds @nfaldoribloasdd §1tR Wil 64 A6 lcch8s M@d&EﬂB‘%J‘th tor
and vascul ar endothelial growh factor ypep i des

[020aQi ch&aﬁlﬁe adeerid el ud
daePOLY yS|ne RGD baséﬁm%§$?92%¥ﬂﬁégﬁéﬁé£%%%¥ﬁ ]mﬁ?HE?F%IOf
amg%ﬂ s, Adisned fibrawposeuresafilils harchninsertatidedht damaged

regid® lﬁﬁﬂg}é @Fﬁaﬁ&%ﬁft§£1§§ Tlﬁgsl%qu RER %lr A yerllgeq' ngﬁf%ilfié gapgnhance and

sul fate proteoglycan. I onol
direqy dheregenssginn e pegye dibersapl Heaicmffolmls cMiEt¥so BB do RBEGhvith

bionRMcRIdshBdfor RERUS fi9l [ 019
“"scaffol ds can Bﬁ%ﬁ &mﬁ%aéy?ggéfS ﬁ#hfﬂgm“XP““mns
po yg%l@%ugéow‘éwq@pmmm/@ d;ffetehaat}nm faetotrsas MREVEbJVRJaMH IcB8Id initiate

o EREPALANGEn SO. SBE gt DR SORT, g con,
and/estnspesd ppedepiters. %)afcbﬂl; dsuld aeplm 165taRuARR Whd loYl éetns and/or could
suppGRatl oo b o B B 6 Bm Lo about © mm I n
o i T TS B LS
scaffeldiio diadessta ndrire g didan®t @hgu® r@rdp‘ﬁnl%%ﬂté ﬁ%?v %ﬁe&% b &oss an injury

about 15 mm | n another exe ary e
82 i aneters can be from about 12nmto about 18 m”m In

1L not her exenpl ary enbodi nent, the diameters can be
obees fuobing g orm  2.5mm 3mm 3.5mm 4mm 4. 5mm
020 rmP 1
[ ﬁ 0 ?rr%g%&%f@iﬁ%g %fﬁc]}%]é melnﬁc]snmhis% g%a%e% %1% and personal
Wouniiss:ﬁ,{;ﬁ a%o%suqmg«we@ﬂo@n}n onkSspect b Heeniy e k@M polymer scaffold

0 18.
e S0, L L A i

these shesieean bergsel ép gpaigwyjindts hesusoaf frahdmuen bk Yulté0 abk4M8ns,
lacerzi‘d%rﬁil Q‘ai’geré Q)r%%ér%aﬁl%%‘pl S Sg%(té%o%a: L}%é equ an e%Stg ;prlff%] agzi protect the

8 I'h dnot her exe
woun, éfﬂj't 9 tempolraily replradositor damagiel dh6 'tiﬁsu'b5and to guide new tissue

generation and wound healing into the damaged area. In a clinical setting, micro/nanofiber

sheets may be secured to the wound area using sutures, adhesives, or overlaying bandages.
These micro/nanofiber wound dressings may be cut to match the size of the wound, or may

overlap the wound edges.
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cm In another exenplary enbodi nent, the scaffold

| ength can be from about 14cmto about 30 cm In
wapevhernoexenpl ary enbodi nent, the scaffold | epQ/oSmanos1253

be fromabout Icmto about 5 cm |In another exenplary

enbodi nent, the scaffold | ength can be from about 2cm

to about 8cm In another exenplary enbodi nent, the

scaffold I ength can be about Icm 1.5cm 2cm 2.5cm

m.3.5cm 4cm 4.5cm 5cm 5.5cm 6cm 6.5cm 7cm

[02@& SCIﬁll a“QHWf agpestof tho gfengom dhe PQ]WUTW Sd?(ffcﬁd sheelsl®ay be tailored for

persblalfitiic ded€ BY céi%bﬁﬁﬂ%th%%ﬁgét g Il'tr)lacl g%ﬁ? create a polymer

%ég 15.5cm 16cm
scaf g;e]iaﬁagig dhe ailgesmec@@cmll Eadﬁhﬂpow&h'ier Saaffatd elicet heplace on a
wouh@&ghtteh! dhdadd lye Al 808 %vl{e'n%@ HBer3 & gya [%SFS gﬁ? RX}S}}equil\é %ﬁ’ﬁ’§t The

a replacenent for nerve autograft
polypegspafiald sicab prayfadso e mompantiecs lifwidnor @bl 4deatgent for
nerve injuries. The scaffolds may al so be used to

[0205] i dgembﬁnﬁgaspag:ﬂﬂf)th@ ﬁﬂ'&n‘@(ﬂy 04ide bBE iR @%‘f&@‘éﬁée@éjcgﬁybe used as

ui dance .products.
gauz%uc{) orb # ?ﬁg app sdﬁaés ]&{ﬁm@ésq@ﬁ@ﬂd Savygmcail he

vnqgmdammnw&mwwﬁﬁb@%dﬁﬂ&mm@dwﬂmﬁ%& has a long injury
gap, and a rod shaped polynmer scaffold or a filled

[0206pNdHiahothel 3B TR ﬁq@bgﬁorﬂg}{g%gcrtspﬁfm%fl Rl et rlbscd to treat

‘ scaffol d shapes for nerve rat1on across
in erpﬁ]] ﬁ?fvlséléﬁjg’OIIT@?@‘Gljl a$ poyngy mrth@ ahmngiticisad,i uimersz\heme gastrointestinal

tractRe huR38s ﬁﬂerﬂ%?e[n‘é@ difof F@agxga%e%llure&gé ﬁ%‘%r eg §1&1}g|1%é810}s.110ns or

| ongi tudinal Iy aligRed ous sca
biopsigs. £tG. iyt thapelymes ecaffp ethfasan bs hewtednthdistd ia® Mace to fill

OraﬂﬁﬁﬂmQ&ﬁﬁggihgﬁcgﬁkye and/ or can be shaped as rods or
filled conduits or conduits and inserted directly into

The | ongitudi.nally aligned fibrous
[0209 f] Fgg’ﬁ%%gaaf?noqg ave BEmETous ¢ r@&:tﬁlﬂstgis ﬁgart &€ WG@FHP@WQP@% healing.
i it b s S8
and l%g%%&;el S sh? (S0 RIS Y mlﬂqb&h @Igfq WW@ng?j@p m crossing through,

but t}myaeﬂfow gis ﬂoa’mnh&ndn@ﬁl&f betbtiaNb®whike Haended if §8L.00 v&ocﬂmd hcaling
bri dge spinal cord tissue. The aligned fibrous poly '

[0208]c akt@ndSthe dbeaina Iy
Soakbaludzuoameanhana s Andod b e8hohed FSIERMARD BY fomporey

%ﬂre fibers
WOUIV& GO 15186 A s Bse vemtned inggew theof IRWotsLe.c The shaiotibfimaterial for

Lyrh&xCdc Bl da* S rRICH r ’ Lypepti des,
polyrh - VC\‘«'t Bl g\‘lr?%g%rcagf%fd'g?régﬁ n%h% pr?a’t? 2 ¥1 1%9%1 18506
charaf%‘[egltsgas inpydimsanerhapigristranieth %tdg a@mf degi't&iaﬂm/ﬁsnuﬁ atgeneration.

nerve reﬁeneratlon Cells could include neural stem
[020Y¢| Third ¢he Belymet besffodgdrihey be embadidedr @genfueted willarious factors
hi @g{ $eGOM) urons_ and Li | cells
e 51 or cgubg g%gggr edgt%odl en e&ﬁ? tQrR gnay %H%e d¥ut ay5i gp4 flimited to
epldeﬁ”éﬂl\/@gmq B202IEGH), mﬁmhedem@b@ﬂyfaem R OBNbas fibroblast

‘m%qg I ned Y. onduit scaffold is

o RReL I sy B e ior B W6 bied tmvervabitos of
metdltcegﬁﬁma%l(@maQWQﬁSh aBvd PeerlMo@BRo be beneficial in wound healing Fu,
X. et al., Wound Repair Regen, 13(2):122-30 (2005). Additional wound healing factors such

as antibiotics, bacteriocides, fungicides, silver-containing agents, analgesics, and nitric oxide

releasing compounds can also be incorporated into the polymer scaffold wound dressings or

grafts.
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I11. b) Uses Involving Skin [0203] Pol yner scaffolds

of the invention described can be useful for clinica
wa@ea7perispna] wound care and soft tissue regenkPCHUSINT/061253

In one aspect of the invention, polynmer scaffold

sheets are used as a wound dressing or graft for

external skin wounds. In a clinical setting, these

sheets can be used to treat wounds resulting from
| acerati ons,

burns, abr asi ons,
[02 1t0§1 rge r‘&‘ith B?’Ymeﬁ & a%g)éiﬁﬁéts fsuwg@adwéea@ag nogyebet d‘meé@i with cells for

fastegrtaﬁlteSregmdiﬂVcﬁf adNHofRAhseL tlstsﬂee s \A@%Llu]sgg IT[%r e cseéla &y lﬁalude but are

‘ repl ace | ost or
no %r{%ﬁ fﬁ fistsi exaianagsitar @mh@hamas wwodnthe haladel Ingnésah ehymal stem

cells; hl/6ASMBRGNA £an cbils. @ clinical setting,
m cr o/ nanof i ber sheets may be secured to the wound

e | SiLV erIay ng bandages.
02 DA o BIE HPBor RYSy  S Socy
mimiegithat of e sitrgelbflat hetring@BOV) of mARY cEMeo hapf g0 T’Bfi example,

the n%ﬂ? %éalL %91%] afre thua not ally §1nw§e{})%b golfag f ehg}ebé{ysn %’021?151 I1r(1) ka and other

ymer scaf
t1ssupfe r'Slos afdllktecmrmaﬁphyembﬂ fd)'l’ﬂﬁ@tlérhﬁy Hﬁf?dmﬁv'aﬁ Brg"a'ﬂtljzed scaffold for

acki n reate a | ymer scaffo d
oot JRATENERRTE bl B e Seirdia Mooy abemsemir thapotymer
scaffshb(as opposetl ac eandbmiy waEREEHbakPR 1§{[¥grt§§tr{o REe SI; ggm\/ﬁ%ﬂed and
sue. e

be S de ade or fuse with the ti

orgdmze l’dt?ler thap g ?%jmg %tfl torarFangesgndemlystsin et farmhtien of scar tissue.
Ahgﬂladqwlylm&f S@ﬁblc@dﬁt@%é’(ﬁ'i@lﬁ&?@ﬁh rés??@tncg ta!éﬁ& eae&%e &t thg gvound to

auowga i nvent.ion, |arge polynmer sca s can
S 3§S‘J§é¥3§r€v‘iﬂb WorR PovErageand protect |arge
Thi s_pol ymer scaffol d gauze can be w apped

01 %\ro unds.
[ r obplmer seaffitiad aligiraent san gkso trearedia tosedp tratdhQRO fchitBeture of

naturdNgsNe ECag) p?ﬁib rﬁaftey dﬁl?ﬁldl% %{1 Lﬁ%fé rrﬁgrlr Xmer Y 1?ef§£181|é,dcnss -CTOSS

sheets can be us otre
alignisphigsorhoepnalslingotionssor motchenaptivanid ﬁbes afohltblétﬁl%r Snithis instance

of thd ﬁ%eﬂ?oﬁ{ 'ﬂgi'a[;?a%&l %@%fofd mgltud m]nﬁ{pZe fegggg% [f%gggwﬂh specific fiber

|n IV& e or recessm

or1en‘;aﬁ@r| én eanh ]gyerb&jpﬂmdzya caeh cndwﬂigml bolstrh@ sROfryIBLyer may also contain
dhered into pl ace

f t d
a specs%@f : {)Id%r%,re? (;[%éer sutc eﬁ%beg Ei&teflﬁilvéo dxqTh {s@ﬂgt}/} for creation of
polynmy]sgsfields et toi clokdy ﬁlﬁfﬂhﬁ’ﬁ#@d&é@h@?ﬁ?ﬁ%ﬁﬁe} drﬁ%omtsmon For
ea Irs e pol yner
e e ¥EIL bRl YA 8Pnd Minabeh araftie R bt ssiagle leyer of

ahgndgbﬁlbﬁrnaﬂo-tb@othﬁlshamda ieatbable’ polRRY Lo REUCHLft might include
I Ng

e cti us articles fromcross
muml]tﬁh %hgg?f?ﬁ U Sh??r}% Y& d{)va%F‘tss‘F‘foé%\P%tFﬁdn i’mﬂsﬁbmelasts in the bottom
Sheetmddtarwno@meum e 16 Shef, ik vl asi HF IR b MU Weets an dan
ant1mﬁ?é?b1 ﬂ%& {] 2{8 %ﬂ cond ‘the fibers in this inventto
ar e bi 6usgradaBiP e%h|Qtﬁera?‘ﬁcb\Rémbﬁlfaﬂpemms&bmummmg on the
speo1fm&ﬁagétﬁeqiakleﬂwd by eventual ingrowth of new tissue.
The choice of material for polynmer scaffold wound

I i b s IAAR LY B Sl BRRg, L0 match the natural
[0213} $l“she polymer scaffolds described herein can be used to replace or bypass a variety

of damaged, severed or altered blood vessels. In an exemplary embodiment, the conduit or
filled conduit polymer scaffolds are used in coronary artery bypass surgery. In addition,
these grafts can be used to support and stabilize blood vessel aneurysms (ie — abdominal

aortic aneurysms typically require synthetic polymer replacement grafts, such as ePTFE or
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characteristics including mechanical strength and rate

of degredation/tissue regeneration. [020.9] Third, the
w@oeloynenoscaf f ol ds may be enbedded or conj ugatBOr/wE1007/061253

various factors which may be rel eased upon

degredation. These factors may include, but are not

limted to epidermal growth factor (EGF), platelet

derived grow h factor (PDG-), basic fibroblast growth
Dac}f agl]')or .tébFGF . transform gg growh factor-b (TGF-b),

and oY iCHE AP TER et abthalvests otidi thapelyn(sTisédFold or by
creatifg & Bhdnaly Hkdefshssmonn Bife8; b @Lndifeun :

| hegal %989 Fu, X et al., vw‘ﬂﬁ‘él?g‘gg%ﬁéRtgghé{ﬁ&wfﬁ‘ﬁ% wrapping

polypiss s E‘é%‘?}s arpped thegnaprywosite. Fdairiuses drambolimitsdieNlower body
vessalSrepRESMEMT bt [ I.des X
sl eer - cont ai ﬁ?%’gﬁlgtg@ﬁt‘@eggﬁa goglgﬁgégg?gg%édlrﬁr?ﬁﬂ o Fepgle — the
Circleqfoidlingnedlmpauma ot demloatisoteties iindodipg s ﬁ@erhzﬂto@rﬁtﬁg posterior

comﬁ)ﬂl%ﬁﬁﬁ’ affigl 8 dressings or grafts. W[0210
Fothh,gg%I frrler %r\égllfﬁpgltcd grafts for wound healing may

| ells for faster tissue regeneration
0213F  SEEHERb D, BRbp Sl BT HRGL ot ampipded by o
sleevierig hemdleto rbpibcaoeregederite Al +Rsdli N 9BERSLS be m d[e to surround the
polyﬁ%%&taﬁ?ﬁ?%ties epiithelial cells, endothelial cefil S,

es ey e R tifeehangs FEmedhBigdiy. complimasatriasy othor
phys[o@delc_]heEiiéztllproltéi}@/. MEHIOs1s & cﬁn&feﬁﬂéote@gréﬁrﬁ aolgan%ﬁﬁ ous polymer
scaf nCOOnt br‘g,[us 1L(),olélr€n1a+(ﬂ‘é§10a,ffoI ds closely mmcs t atoof .

PR B CE PR ale, Fhat thepemderlymenmmplibowmoH hewé & particular
directibs sflelgnrir@it a0 ¥ aARFdI8svel Q 'R € i :
UnaiSLLyct ur al lf’%{ astrri | ar _%GSH%O% rée;g%llﬁ?llf #h?% {—%&ﬁf Setion g aljenment.

NARENEC 8t HEorts agwd msr s ongrashiibenstoan e lsoayrvpras vientleseanaterial or
the uhddrivadgd AhdIbeP EMEHAEN Q\/Iﬁﬁlpﬁgég § 8 §€ ?ggdoclo chlfea?er a %n%lltli—?ayered

to mgrate into a wound. I's aspect of t
Consmgﬁ% fiereat PRy or ehereiel mobgities. scaffol d (as

opposed to randomy oriented fibers) is inmportant to
hm@&‘e‘ﬁfi&ﬁiﬁ‘:& I gned and organi zed, rather than allow ng
0214;he s in.the.formation of scar
O e A R ks BB i S B eaioment s paioemer
scaffqld sidvdifesra ol tares akoserafpld) F I U0dhbRs lok@MERSER ypel Tinin o

' [ h and nd coverage. [[0212] Pol yner
the LA e B R e Airabngicod e ratedio cacase
the grafidyaseceding @atanotheofegiat ofitab gtifssue ECM  This may

include fiber alignment in a single direction,

ModiﬁEAtr%%-s%ﬂgilﬁ'&ggﬁeg F) oEt hrggonal directions, or
T nore conp cture. In this instance
[0216p¢ Iprea examphary smbotiiieentchy penteapfonidesianpijaesscatfold for use in
the vadtliht Rlse f fi-bers.with cific fiber
YT e nstyeslt injé%%;?gr}l&eagc R qlgcg]g%méf’lfncS‘E‘ﬁ?rﬁoé‘gt‘?ﬁt"?‘ﬁ&lr\?ir%al
implapiigpe o srsihdrodmptaye pmbagingdns he Orvieaiioh furBRe6hhbGses

v e .such.as the.ones |isted )
poly( g@%&‘fﬁ%@?‘ﬁ St Bt B EHER EP mbATIANER to %51 fouling, non-
thromgeganiobiish tdyat wharh otosed Mat¥bdts Frompddbedihg td 88URnofibers. This

' and co si.ti.on. Far
brush "f)z{y%p L& E6L ycgvealenﬂ%l/ gra (P onto the nanofibrous polymer scaffold for thrombosis

reduction. In another exemplary embodiment, the polymer scaffold further comprises

heparin, hirudin or combinations thereof, Heparin is capable of binding to anti-thrombin I,
which can block Factor Xa and thrombin in the bloodstream. Hirudin is an inhibitor of

thrombin. Heparin and hirudin can be covalently grafted onto the polymer scaffold by using
a di-amino poly(ethylene glycol) linker. In an exemplary embodiment, the polymer scaffold
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exanpl e, a sinple polyner scaffold wound dressing or
graft mght include a single |layer of aligned fibers.
w@roovhgoier her hand, a nore conpl ex pol ynmer scaP¢DUs2007/061253

skin graft mght include nultiple aligned fiber sheets

| ayered in a criss-cross pattern with fibroblasts in

the bottom sheets and keratinocytes in the top sheet,

as well as bFGF in the bottom sheets and an

in the top sheet. O her such

l | I
Contg%ﬁ'm?ﬁr qu‘erg Jﬁg%&s@%ﬁrﬁpe foldepkihg |"h‘§fntjﬂﬂ Mﬁeclspemlséd n connection
withntae éisscafar iterd h%ﬂt:)i]ec{ Ile(iucecf}n&:ﬁﬁ%ﬂ 1\!1139& g rpaggay
s

Vascul ar System [ 021 The pol yner sca

[02 1'7]3 r GhRn&@Br QFenJretﬁﬁg ord?rHEx%C@I g)o 39% TPl eﬁf §1d¥ ?1%&': connectlon with

damaged, sever a ter
the ves@¥ apiprefiber mpnsetlhmammﬂlmmarﬁrwidbhbaﬂn@%iﬂﬁyﬁlal stem cells.

in b AR LB O, BT ol SRPCC e B Gterd § Toont twenty-
four ghgplpﬁmrlor tmungeathiion. zb dlotad cvaaplaty él’ﬁl&ll}kilﬁﬁﬁﬁ the cells will be seed
aorti.c nms typically require
Ontogfyl/eﬁ%%g&%?d&g% ey ot ?ad"g%f%ht grafts, such as ePTFE
ei her conpl ete repl acenent of the
[OZIQL ? Ce\@bﬂ?"?\ a?‘%?@ d%‘i‘?%?o%ﬁﬁﬁf%deeWe%VleéW@émg stam cells or any
cell tsrbeahlh bt klrice ns a5REBBY abdFdh Q{cv&@al REQS ﬁBP{H ﬂﬁ%ﬂ%&u &% colls
will nv&% vxia][%pl ng poI nmer scaffold she ts aro
sl gotiuls feaving the ¢e ]th'é%§ﬁﬁﬁ@fwd deilfiutfade indadtower
bod vessel repl acenent, but may include other conmon
[0219) + L apgth g@gwm emﬁa@du@p&npe eolynten ecaffaldd wsedfin connection with

the VWcJukdr% stérﬁ\fgﬁﬂé% e%ﬁdc%tﬂghah e%urs%{"t aﬁ?xﬁ&' egigm% a|r3r/] g

the internal carot er|o COMTuN
embqsiipents ﬂ@renéeﬂleb@laireotemr cell9 31U be keedadh 2e;ba§r§roh@rthe graft two days

r101 a 1. ! 1a gfcan d Vi h d
pioegOBH R, SHBCRAMIRIRGHL (ol fovtch B Sy oundES

a sleeve is use replace
throng,tgggeqnd fibrizl foeweti@anialmehi gieigterctioe il mombehrcharRed ¥RBving hepdran

nech cal ength, rigidity,
Sulfaégﬁ&lreg}%%géen%g r Hgnyergltf;ﬁ%mpwg %dale e CEﬁ%T'heH&P Ivs$-operty.
eve ca ?%La ed around a nanofi brous pol ymer

[022@ afnf dnoihct Sﬁcgap RIS [T PalymRr s98foldsscd in connection with

the vmdlar bytarg FANEROLBEIHS sWihinak aﬂl%r;%nﬁagt&m%h%n%éﬁ GELLAD
mge 1t al |g rﬁ]at and the sl eeve may have the sanme or
Progeditpt gflln ! Dgrs ep HYBﬁlco%*efa|CP1¢%‘f?@rﬁlffengnaaﬁegnr@da wascular progenitor

11neag&aﬂhﬁkﬁjgih)boﬁhg@ﬂ&dmﬁ@g@fnoslg’l{alﬁg réﬁﬁ Qf‘er Q°a GE o@lf\?]?%&?%e\lenuatcing into

end tbglh eve er| al or the underlyi g nano
° as}taP é’f“oo PI9h eclly wmepesowtirfapier stimulationcr eat e a

[ti-| ayer ed construct with different physical or
. dgu Mul ti pI e cell type graft [0215] A

[02211] ubAlh@lscle R st 'ir%tlwﬁ%g rp%? tgglds ?%9 Ioaln??rgt#%{ﬁearn 9 therapeutically

ions of the
impl afl datraqragcukaglyrfor enhamc@g mmscm@gmeaatgﬁmae toisighif@ink muscle loss

after échR‘,eﬁudry.n FHEwth factors and other biomolecules can be incorporated into the
muscle graft to stimulate muscle cell proliferation and differentiation as well as
vascularization, which will all accelerate muscle healing. The growth factors can include
insulin-like growth factor-1 (IGF-1), basic growth factor (bFGF), vascular endothelial
growth factor (VEGF), and platelet-derived growth factor (PDGF). The growth factors can
be incorporated into the graft by covalent binding or physiological coating. A related

approach involves genetically modifying the cells to overexpress genes for such proteins.
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the lunen and cell type 2 in the nedial portions of
the graft and cell type 3 used to encase the graft by
wa@eadiosrgonn anot her regi on of the graft. Mdi f PCHUBINT061253

to tubul ar constructs of nanofibers [0216] In an
exenpl ary enbodi nent, the invention provides a polyner
scaffold for use in the vascul ar system whi ch has no
bi ochem cal or cellular nodifications prior to

ntation. In_another exenplary enbodi nent, the

i npl
IOZ%I%T\? egf’Pf&?ﬁ“ thgrapriic eniseiiercef theleyafeisHyt emetignyaiéfidation of animals
1 f I t I
or hhAhd 4 th%@&hﬁ%&@éseg%o éleénsﬁgﬁ%r u[hs tﬁ%&%? V\?\%l%h are characterized by

non-foulin nont h
genﬁr%?%@nﬁpﬁtwp@wgeﬁm niradthie ity regoft gent teeramnafplibeticn, myoblasts

withHhk %oprh nb &Y, {)e 85’1% \%rﬁ}{lgll tfxnt lat\%w%rtﬁ%tgglg%lomﬁﬁtematwely the gene

nanof |bro S po yner sca
can pedireetty emjugatedaorgo H@r%oeffehiphalies/f@ﬂitnidﬂimﬁﬂ DN A€ Engraftment of

furth ari hi rudi n or
the &g%ﬁ\[g tﬁ%ﬁ §£ ?%cgyr canflea p%sf]l S}B gcflp B]flqﬂ:lﬁSH@ dgyglop
dbp@tﬂof rolmeliniisrld functivdi Bbr malpuiqio@e bf et t8Eragd, taBHolymer scaffold

he bl.oqdst.r eam in js_ an I nhibitor
pro&&é' t?[‘;o frlg}r h}_elésblggv agﬂ & -1ﬁ1p cells god/oe ﬁcfrp/'?s as a delivery
Vch1gkcafbtﬂnb rohkbe dodesupsdqyemrupsaal Jrglisbny DISANG @ di -am no

pol y(ethyl ene glycol) linker. I'n an exenpl ary
[02280 omd@ﬁfr cah BE POk XIRSe SCAFHQ HCOBS RS 17 'bh@l Jak0&k,8 2 fiber

i The g ymer scaffolds of the invention which are us
Tregtipng, ﬁﬁ@gﬂ sritsiiertioneotaamubee. Egetodantsftha Phﬂbﬂké climension of

the %@ﬂﬁl’éﬁaﬁéﬁs%ﬁ%‘ﬁS 8ndo 'Sn§ b@@@q -85 %ﬁ{ Ip&th%ﬂ% %h% spaffold size

anot her exenpl ary enbodi nment, e polyner
fangs%gami hOPHhE9-5R 0K Ol -6 Beervascul ar syst em f urt her
onpri se human bone marrow derived nesenchymal stem
[022@}3| | The myscigs reost spikelr fpr grib e tiieraiduec m&&smh)ifﬁﬂmse that have
an a f%rlfe'g]rg%tg%leﬁ?{p hld]fé:)(fq(l)beetg%ed ntg{eﬁtg‘:{}og%} yf o Slq(?ﬁj rrn%scleb include
the beerpediundricepst hgeded titdald, bhd hestseaemint o t he graft two
days prior to inplantation. [0218] Decellul arization -

[0225Lmdn ah @ﬁ&npﬁfy’ ebétEcHed coBEED @M&@cd%1%gfgi\al g§ts Qhn be used to

% will be seeded as described a

& OWS“Q%/% a:‘lm‘ﬁ%ﬁff g‘nﬁflP%‘Ff PRI ARAdUsADL, £ Fendiut ¢mbsddefl with

mebdnlchjflﬁdl. bmhlcbnb beand Lnsgdtalbﬁ v‘éﬁiultléﬁl Rt St éi{b%wr%xé‘rﬁgla‘ff Elabodiment,
n ano er exe rrp

[ 0219
a CO%#‘;% tﬁ%éleﬁ’@il §iveY cedis£pp bp G@e%@eﬁjnfirﬁe g@ﬁhelutamoﬂner
exemliddy e&ﬁtﬁ)dﬁﬂérﬁuih@ invwehEbe méﬁﬁésnﬁéthsm Jhélﬁn? ﬂgeot{]orﬁ%osﬁ on which

sor_cells. In an exenpl a
comlg'hs(%f BI &p5dine the @elimass wighethoselli; I(h) ts?é]"s&@@efdocmoa aygindmtroandrel,
thus fdlﬁn%@ﬁfbu‘lé@@h%yﬁr Bl iyl aH@ l(fﬁ? E‘(?ﬂé\qgg i) Wi&Sdrel. In another

end elial cells canprevent
exem@c’m'é SPhRAHBentyibe Flﬁﬁmﬁt)lii] Pml(y) attdctingn lﬁmstfport[mt ofthe polymer

to a Séb&nPpdtiBR by tRGJolHMEerC gllgl{ls %e{m{r%n%nso%rafc@ pflg 2188 E1 e use of

heparan sul fate prote ycans several:
annealge (bealy afietior (seh ks biokegiss ladessivdsP@2@ituresn anot her

exenpl ary enbodi nent, the polyner scaffolds used in
I ¢ondbescled@rafistinth Micropattemed Polymer Scaffolds

[0226] The muscle graft applications with micropatterned polymer scaffolds are similar to

that of nanofibrous scaffolds as described above, with the exception that the micropatterned

polymer scaffolds would be in the shape of a sheet.

[0227] The invention is further illustrated by the Examples that follow. The Examples are

not intended to define or limit the scope of the invention.
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the vascul ar system further conprise human enbryonic

stem cel | -derived vascul ar progenitor cells. These
wepdrpendr stemcells can differentiate into aPUEBES20Z061253

progenitor |ineage through collagen IV integrin

signaling and are capable of fully differentiating

into endothelial and snooth nuscle cells upon growth

factor stimulation. H . d) Uses | nvol ving Miscl es

[0221] A nuscle graft involving a polymer scaffold of

the invention can be theFH%@ME%%%SIy i npl ant ed

intranmuscul arly for enhanci ng nuscl e regenerati on due

to significant nuscle lo fter acute injury. G owth
factors and ot her bionnl@%ﬁﬁgiﬁé% be incorporated
Mydbﬂﬁqf%gﬁ ARG € graft to stinulate nuscle cell

ation and differentiation as well as
[0223138 Qdluameé ACH D myobtisSHAMAC, Mhhassat 91A9Nre u%@t%lb@udy cell

Th I l'in-
org iRt JNE 02N aShers, can Anclide | neul L LKS tedof
Dulbcam:’m ll\/ﬁfd1ﬁéxﬂllﬁaﬂeisl MbdlgﬁmMMEf\/@C!l@% feMFEEine éé}qm nd 1%
l %? et - derlqu rowh factor (PDGF). The g Wt f
Pe‘“‘? HHY St PRYCiBe TP ATGRIS I E et idffff‘de‘?tl'?ém@raaﬂtﬁlﬁayn m/moenh media
was teiptudbd guthrdLﬁBbéﬁh@ﬂl&gfn‘éaﬂa t6R@bh&Gked Df !ﬁ\hﬁf\/ﬁ@‘)/aﬁtpxrs@ Qe‘}nm and 1%
| ves genetically nodifying the cel
Pem%glé’? Oégﬁé% aHes24 %Wh% éﬁnblieﬁﬂ@rmgorﬁb@%]lnmﬂﬂ@dpemmems time
POlnﬁSWr@ﬂ@thﬁtb@bﬁﬂ[& 1h61§$a't19f? titfe ﬁlhﬁff&reﬂfl&tl mfec%a genet e

nodi fication of animals or humans wt

di seases such as nuscul ar dystrophy mhlch are

characterized by geneticpxuhgpigns of specific genes.

For this type of gene therapy application, nyoblasts
PLLW NimdfieerrSvaf@ld Be&sradbn be delivered within the graft
W22§ he nusc e. AlternatlveI%A‘the ene can be directly

do nfB lﬁtmlif(ﬁela%%%ﬁ {RhA) Hhgorhabte PrilaweisdPelham, AL,

1.09 E]Sl% inEORGhevibeRRY) Rhs LRE § ‘Fﬂ)frfcgjceqqa%r Jﬂéﬁcgil%%ldp Bg)éle%%ospmmng

d to genetic nodification t the ti
(Zong} Pt 61 Z‘Eé B'é‘é’{%”{?? 43 Hab 2&1@:@@:@” Bnlcﬂy,dh@ PE@A gdhetion (10% w/v

in chPEsRESE WA d8IBNSed Wﬁ@%aﬁﬁ%bfégglﬁﬁgg L tﬁ% ald % g C{%I:C Velgcetrode ata

a matrix for the survival
flow paty P52 2 b/ mruie A é@tasolagd sipplp (Glasehine Hegﬁ vmt&gbemc High

Br1dére§?)3§g% t@&gl at§ %Egﬁfqﬂg Uélltau 5@ kgff ',gtlxeg%fméﬁum %??Cﬂﬂ g rotating

dmm.thatmsrgreug@si anteohirbided b:y 1 seppiap ni@oPar@bli@l tht Qasd¥ers, the
ents, the physical

C r
elect‘gkﬁr}lg‘nstsc?ﬁ’ o‘f’ai% e@%ﬁﬁ‘f”‘&xtﬁ“ﬁéﬂ&gg‘/ﬂr BRI IBE Strginyt 60 °C.
NanoﬂbﬁmS afFol0s whrdlappr&iim |
I ze fan ess :‘er(.)mp%ro SSE%FX 1}1%{‘%1851%&;(&;8 g ‘%&h&fe O%tﬁle
nanoliyyoyyyca éd Yras eoabed b L% g¢latdniof Hbronhétsn ¢5y;p@(cmf‘) before cell

seedifidleNg E@ﬂﬁﬁ&nﬁ Hﬁ?etr&rcgs e@{l?a&ﬂ%&%% ah %Florg %lgﬁgﬂ Ia?'é' ’Etﬁa between

geonetry are c 0 vasculature
gelatlg RR{ tﬁbr@@@ﬁn ¥oRfiige Randomlyderiedred biafids wetdaded s€@sitrols.
anterior tibialis, and gastrocnem us. [0225] In an

10230 x e¥pehaing eéermmnmemwo@ coMivhs eseaad dedatbd Ahnofiber alignment
GCa n .S e
after MSB&I%%ICY?C}H Lmages s%ow that uniaxial stretching resulted in aligned

nanofibers (FIG. 24A-B). The average nanofiber diameter in the scaffold was

approximately 500 nm with an average gap size of approximately 4 pum.
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grow skel etal nuscle. In another exenplary enbodi nent,

a conduit enbedded with nesenchymal stemcells can be
w@e@dogEon vascul ar graft. I n anot her exenpl arBCT/US2007/061253

enbodi nent, a conduit enbedded with neural stemcells

can be used as a nerve graft. In another exenplary

enbodi nent, the invention provides nethods of naking

t he conposition which conprises (i) seeding the

pol ymer with the cells; (iii) rolling the product
around a mandrel, thus f&?ﬁ% I ubul ar shape for the

n the mandrel . 1 n anot her
Gr()%h%/‘gﬁ'aF Va3 n%‘é)tb‘? rhé%]&leyr‘rl?%@ oR, Napp BhenPeaffalds upden Differentiation
a tachlng a first portion of the polyner to a second
10233 dr tCaoriluehit tiieblpsik wees grotii én ﬁ%%@ﬁmmu§%ﬂ%j¢ds in differentiation

t he, use_of annealin
medq‘d‘fﬁ’f g o‘%j ?%XFC \r/:f%gets%ﬂns GeR qresamsiien \*)%‘g yytoskedeftltesture on

randbfd—oruﬁ])ied\diﬁkleﬂ%na‘l @Eﬁ&i%ﬁé"sc%fﬁfd@{)ﬁ‘g%g #@gﬁ’ Ig%g rr]ﬁ'n%f E-actin, myosin

0 3(:3]a % The nuscle graf
CavVYiC Blj Mﬁg rwg‘@ aerfotersl GuepeitinglafortatidiiatF-actin was
stainell usiap FhioRIs6818 (FPI&ZE 63rﬁ1§ga?éi ﬁﬁﬁgg{np Eﬁo?e%ﬁfér Pté?\ﬂes,r%tgene OR).

MuEXCe ption that the 'mcropattern
S dmprinpstaingd vaHopeoyse antisplendttal t[a@tzxzm]c Atiboldp\(Bighia0Bt. Louis,

MO). Clftg Fwvdré Eﬂdﬁfeﬁ%ﬁ@d%@%o&@% (@%@%%lflar%ro%?st) Fﬁ{O{eSPWg:e

The Exanpl es are not | nten I 'ne
Micrg3cepE WP PEHRrmer/ enusing 2 BN AMPTESO Ex0MBE&E pk A GREASECS ST, confocal

micrb¥c@paration [0228] Murine C2C12 nyobl asts (ATCC
Manassas, VA) were used to study cell organization and
assenbly. The nyobl asts wer e cultured in growh nedia

that consisted of Dul becg nghtled Eagl e' s Medi um
(DVEM), 10% f et al bOV|ne serun1 and 1%

Mlc@Mﬁédtiohmmf&BbMﬁ{eﬁ Sumtﬂaﬁ itiate nyobl ast
HuSﬂlfferentlatlon and fusion e growt h nmedi a was

epMiereBatEraed fims egrapesediof oalydegéthy stiataneqRBMS ot poly-1 -
lact Bt se pg icillin/ Cln
ac 1% Y2 25 Wh éCﬁg C§1§1%wxf0n%'t%lééé) DPOLARTS pyere ?aﬁf Ftpg om a silicon
wa e:@)gbf@isp F@mlg‘ce by ﬁ@rcp@lssnmdm&‘rcdm Mhtled, RYG | B’ibchem Bzozplzys Res
Com;‘nﬂ;‘? %4%8?? H%ZS d|Tf %‘er%] &E?%%fog)ﬁtq?@ﬁg gﬁmp ate, wafers were
clcangi gu@c@tqg]@amllewpdl‘ty(dﬂ ll amIsh delutiblbE A)lfiriagdi@to hydro gcn pcroxide

wa WFZl i Cre, 1 L/ h
erafispidethe PALURLS o, SPL I Ay LTI S

VI SCO
minutgy t(el,n@mpv@glmtpmbmg adiefngo the subBir@sB ey @a¥H %Hlpﬁﬁemi% e/mulslon

o Ao M S L5y 030 e oo
lengtlp up tresfethibe @ritérnholtiee gficdhwael G0ideqdR-@0iR 897-10i, Arch
Chemicals, Norwalk, CT) photoresist was Spun onto the wafers at 820 RPM for one minute,
producing approximately a 2.8-pm thick layer of photoresist. The wafer was then baked at
90°C for 60 seconds to harden the photoresist, before exposing the photoresist to UV Light
with a KS Aligner (Karl Suss, MJB3, Germany). A post-exposure bake was performed for
60 seconds at 120°C to help the photoresist set and drive the diffusion of the photoproducts.
The exposed photoresist was developed for 60 seconds using a photoresist developer
solution OPD 4262. Thc wafcr with uncxposcd photorcsist was placed into the primer oven
for 15 minutes at 120 °C to allow the remaining photoresist to set. At this point, the wafers

were ready to be used for the preparation of PDMS films. Templates for the fabrication of
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flow rate of 25 nL/m nute. A high-voltage supply
(dassman Hi gh Voltage Inc., Hi gh Bridge, NJ) was used
wa eooappily2 t he vol tage at 20 kV. The col | ect i ngP@i/E8M07/061253
was on a rotating drumthat was grounded and
controlled by a stepping notor. To align the nanof
bers, the el ectrospun scaffold was stretched
uni axially to 200% engi neering strain at 60 OC.
I&Pg{ll brous scaffolds were approximately 150 nmin
PLCGCh iR Esguired g additiongd stepfofictahingawdh ithr STS DeepRicottivatas Etcher

Toakiadiewi 9 ' oK ty n_(5_ng/ cnR)
for bef olr gteg\’gf ‘F}egtg/oé%i@}n%?é%gép %ﬂr????%glﬁtj & ence in cell
hasi t d_bet | at i
B TR R T e b B T
manugacares@ilgsd tihDror ConifgAAT). ScaettiepsstleaaidePPacuum, 15 g of

] 0 ed to visualize nanofi ber
Rt s s SN LT AN MG -
and $thait at 10D aptindbr 30 seebady, Aglldveduby §niife 8t 2@ANG6h RRNALREES . which
fonn(eﬁlP% %ﬁ B)...The_.ave acgs(ﬁ nanofi ber dianmeter in the ' )
SeaMSPd sV HpBE §SSEU PRI ERIYA Cavier dge verdpr with spin-

coatsd PPME waPpREDak PEvne o dbr a0 ESAMPLE L B o, ing i o
Growi ng/ Characteri zat i%cn of Myobl ast § Og%p]l{llglrlllgfllnggrovcn at80 °C

for 13mampfss e aliov eplymrgrizatienef BPMH Midi belfi@R3e BDMS was cooled to
roonfRIMpcHa e MU AL VLB B Y {h%\%]afg{] a}xﬁ%rr tﬂ% ?%IQ%Q%ZQQCCSF o the

scaffolds in differentiation medi
PDMfemsihranes vete clgprpsiityzsomicuion il weidr oSk ateetliab and ptiahsts @ell
adheSdn! MRS Loned nanofibrous scaffolds, .
dhefgllgab%gscen%h%&% |n%g%8f%![ IP? a&d%eﬁ, E]ar‘?yngsﬁ Cﬁ%’?@)}” %h%g’rgdatm for
30 myinhey befare aslllskedingl ei were performed (Supporting
Information). F-actin was stained using fluorescein
[0234JFI TQ) bivdngradailechigbphttahed filnidyalt@BELREoIPRESPT.GC (Aldrich, St,

. )i 1. was i nmunostained with a nouse .
Lovig 098 o B2t S ReRd e (Hloay O Qo mss ed. EBGIGsotution was
prepdvEll in Adbloforue bied come@rionl JTe0 mMbidY, JaPEQt@on a stirplate until
dissogv'\é%lf e]ﬁ%‘lgsa[ Pgobesé. Fl uorescence_m croscopy was .

per 1 or e B ISP RO AT PEBD 1liRp e FrodE epsbaliaverd for i solvent to
evapdiGR, Shrnting tHae ablyice THE O Pier BXVRLEE, b LHef @bl &g&’e Qrilized in

o, 0f Mcropatterned Substrates [0232] M cropatterne
70% F{Haﬁﬁl fr@B %B@&né}fr insed {fof Rt RyPsia ellssedin@DB)ilms were coated with

2% gPhkin-fbt 3@ HiflRes BSANEANEAUN1G8nERncR- Capr ol act one (PLGO)
pol ymers were fabricated froma silicon wafer inverse

tenpl ate, by a process nodified from Thakar, R G,

Bi ochem Bi ophys Res CompaangPif4d) : 883-90 (2003). To
create the mcropatterned tenplate, wafers were

Charpktairadonnf atetdanposifiohd BySeatiind Eleckr MPRcrRbofly &)

5s]ul &ur | ¢ acl dto h){dr ogen per oxi de
[023 omposifions or samples containing cells were processed for SEM by fixation in
2% glutaraldehyde in 0.1 M sodium cacodylate buffer. After ethanol dehydration series, the
samples were dried and sputter coated with either iridium or gold:palladium (40:60) particles
to a thickness of 10-15 nm. Samples were visualized under an Environmental Scanning

Elcctron Microscope (Philips XI.-30).
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(Piranha acid). The wafers were dried and coated with

hexanet hyl di sil azane (HVDS) for 5 mnutes to inprove
w@bwrovmEs: st adhesion to the substrate. A naskPei/Uk2007/061253

patterned enul sion strips was first generated. The

parallel strips were 10-mm wi de, 10-nmm apart, and 4-cm

in length. To transfer the pattern to the silicon

wafer, I-line (OCG QR 897-1G, Arch Chem cal s,

I\Iorvvalk CT) photoresist_was spun onto the wafers at

820 RPM for one m nute, %ﬂfg 6approxi mately a

er of photoresist. The wafer was then

Im"ﬁ'"%f@r&ésc %%gaf%lp 260 seconds to harden the
[023phoiSanegdssiere ided ﬁ@4W§foﬂﬁambﬁydmi 9k ﬁﬁh%e f]?amtlj\ébﬂ}fed with

) S Aligner (Karl Suss
0.5 }Jga{)anggn db@ LfaTé W@t%émb@feﬁ@?ﬁ‘?é av lfbr%émvmm aHDIumm (BSA) for
30 nﬂ:ﬁﬂ&ﬁ E-actiehfetBs RROUBLESHY 'ﬂu%?e%ﬁéﬂ gFﬁdQ con] ugated phalloidin (5

n_of the photoproduct
U/ m']g’r%{o E?r‘:@lgﬂ' Erokgsy 1%5%1"@&@61 hofFog my@emdwdsy udinGtating, samples

wereﬂﬁ@flﬁfe@lswﬁﬁ nidRNELARSE SR 4L go Q‘Fac é%G ain, ?@h&@g& Sigma),

uncxposcd phot or esi st wa
fO“O‘cY\fi% HYfﬂaﬁ inggbationuwisls FEEC-toguoged doalkdymmht—ﬂmeufee@mSl’ugﬁﬂL Jackson

mm e h {
I @ﬂﬂi&éﬁ%h S‘W th}‘xgﬁ% &i %eﬁgo§ PeLft nuglei %F%‘# %;Av?th‘g[‘ oPro (1M,

r ead be use pr parat
Molerglsp mbég) 1Pflf¢1”et‘hﬁ81dﬂ1amg|vo‘élt & Dikaof PESND #niidroScobe gHi R TRI% ST,

co h W|th th STS Deep Reactive
nf&gghﬁEétrgIgﬁ% for HEO%EI filazd ee%r?SSn eRsiopglgirgIsgens of three-
dimepgiprad gtaghedimagzsnm deep. [ 0233] M cropatterned and
non-patterned PDVS filns were prepared as directed by
t he manufacturer (Sylgard 184, Dow Corning, M). After
degassi ng under vacuum ENRANIRIEEPRDVS was poured onto
the wafer. The wafer with PDMS was pl aced on
Brd[bﬁtﬁoép%@i@m Spl nner and spun at 100 rpm for 30
02373ecpids b |nn| n 00, rpm for 2
[ 37?n nut esﬂnye caigil1 olrSiT%crir§ ﬁ\)éelfe%u d%ﬂ#ll)’ﬂ#f Bromodeoxyuridine

(Brdly,j: Ek30e danesheap Risoetavetye Ny) B5&own mBHR BB I B 4%

rature for 10

ara al I1 1 m k
P e e PAC 8 T R 6 LA aagbes 1% Frpimpoiss were

ore placin
pretreg‘@da?yﬂﬂ@ﬁﬂ‘bahythmol Zat 3 (omirafesP DD pe%éﬁﬁhﬂ?ﬂlﬁh@gs%tﬂﬁon-)( 100 for

rature and then renoved
N R R e AR R
1ncubﬁ©ﬂ/8:1ﬂerrrbumwe§m ?ﬁﬂnﬁ?f gamad Hy Eg@é;ﬂ;}&@tki ?ﬁgﬁ%% r folﬂSQVed by
FIrC S E Sp 3RS, P OB S by el o stind wit

propl@mmabdlkief(bmgﬂﬂmwceﬁrpﬁj‘b@g' cell seeding. [0234] For
bi odegradabl e m cropatterned filnms, a triblock
copol ymer PLGC (Aldrich, St. Louis, M) at a 70:10: 20

conponent ratio (M -100ERQ¥pyasg used. PLGC sol ution
was prepared in chloroformat a concentration of 50

Analygiy/ofiCelhBusion and dtobferatici i rpl ate until di ssol ved. The
Q the silicon nold and

10235 P e BB 50 BB af G BB SHORRE npre ke undier o
least 5ggp1;camtatﬁvd inigh-pavice (400 bk ¢ idiker { B PEGEs. FULAE SMees.0.5
softwatd aﬂfagnos 1C Ing]truments Sterling Heights, MI), myotube width, length, and
alignment in reference to the axis of the aligned nanofibers or microgrooves were quantified
using high and low magnification, respectively. The minimum myotube alignment value of
0 degrees denoted parallel alignment from the axis of the nanofibers and the maximum of 90

degrees represented perpendicular ali gnment. For alignment analysis of randomly-oriented
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70% et hanol for 2 hours and rinsed in PBS. Prior to
cell seeding, the filnms were coated with 2% gel atin
wo 200781 nut es to enhance cell attachment. BEXPOPLUR087/061253
Characterization of the conpositions by Scanning
El ectron M croscopy (SEM [0235] Conpositions or
sanpl es containing cells were processed for SEM by
fixation in 2% gl utaral dehyde in 0.1 M sodi um
cacodyl ate buffer. After ethanol dehydration series,
nan hlérog%wﬁﬁffe&dwﬁ@oamaétaﬂ*@dd’wwatsubstmmaearbmﬂy i dreflignment

waslusbdll M @GOk Méxﬁ’%egg}' h}%gd QP ﬁr&t ac183f12/§ &e@ﬁ Jafl striated

t hi ckness of ~10-1 were vis
myoéhbeEnYﬁr? anarified| andeaanized aﬁhgh powar. Moy maymﬁ&hwkfeaﬁlamlﬁed

e nt Stainin
and )éjveéges wer elTFd% Ell %mgg})@%{?%*l@? deHy &%erg%jr an lfy myotube
lengghh. n.e,tleb‘ga wey erpadrstd zethenn HitaldaWdbridion (D). Matftiballdnificance

treat with 1% bovi ne.serum al bum n
was Fulb PR 1 GBS e PirvEs Syl Shar e AN BY A) with
Holifof s gt esimentriof Elulii)le compugained phal 1 oidin (5 U ni,
Mol ecul ar Probes) incubation for 1 h. For nyosin heavy
chai n staining, sanples were incubated with nouse

anti-skeletal fast nyosi ExXtrempLEhai n, (87 ng/ni,
Sigma), followed by the incubation with
Condpite- conj ugat ed donkey anti -m)use (6. 25 rrg/rrL Jackson

anti bod nucl ei
0230 T AGEEE el NSl 70 s e ar e iy atoned
nandiblers: élov¢rsata It]nmb-l’dmwmmdihaa stihdears, _EE@CgQIfldH&F Qﬁ&@@ggﬁrrolled around
0SCcope nrocal I ma
al ir'lgln? glgeﬁ?er Ste dn@ﬁ?l agb %@ g]@f stypdurgp were sec%red by 7-0 Ticron
sututeh e ddtlnas iod Iﬁﬁ tubtiRe k@thtintBI The sEXpMELFerd th%{'lQZHfOSBCtIOHCd for

poratlo 0237] ,For cell cycle analysis,
il 0 REE b R 5 S4bciloPhd Somlstvess i heH &y (s hernutoxylin and

eosni(H&E@staﬂﬂi% SIPBY infinSset@MBtenNhinid ST, Medi a
before fixing in 4% paraf or mal dehyde and vvashl ng in

[024phogmbaidawidfBhedr salstdi&s (v{jcﬁf ollo’pr§%l aﬁa mnil hréﬁlamctcr and

pretreated with 50% net hano

10m’§e‘f1 nengiudinabiength. 185 S'F*merfob(tht(@@os’sabcﬁc&mh‘gmst e®yphology of
thesd Q@AM dgﬁogsNalfQ thhf @BLAE R, Ie g %%bﬁgﬂtg gould be successfully

Afterwards, sanples were i1ncu
fabriggied Gy QSQ 2Dsstgting puBR-Bhlosdinentee soulBéJéfsedSIﬂthrcM%hout the layers

of th@r:rgéajfﬁ)‘l\@ g#?%{ d&S’r&@é’] % 8% bqg \l/(vglg SU ?,cae ee:ége a&ﬁr éonfocal
micTRCEpY @ .f meﬂmes(cen_ﬂyrghmbd FPqA]jtleG:ld:h&Tn stPatob esl) penetration within the
multiple layers of the construct (FIG. 29). The cells adopted elongated morphology and
aligned according to the direction of the nanofibers. These results demonstrate the
feasibility of engineering aligned three-dimensional skeletal muscle using nanofiber

polymers.

EXAMPLE 10

Nanofiber Polymer Production

[0241] Biodegradable poly(L-lactide) (PLLA) (Lactel Absorbable Polymers, Pelham, AL,
1.09 dL/g inherent viscosity) was used to fabricate nanofibrous scaffolds by electrospinning
as described previously by Rosen et al., Ann Plast Surg., 25:375-87 (1990). The PLLA

solution (10% w/v in chloroform) was delivered by a programmable pump to a grounded
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EXAMPLE 8 Anal ysis of Cell Fusion and Proliferation

[0238] [ mmunofl uorescent images of anti-skel etal
wOonp@3oist ai ni ng were taken under at | east 5 PCT/US2007/061253

representative hi gh-power (40X) and | ow power (10X)

fields. Using SPOT 4.0.5 software (Di agnostic

I nstrunents, Sterling Heights, M), nyotube w dth,

l ength, and alignnment in reference to the axis of the

”al i gn?d nanof i bers or mcrogrooves were quantified

collefdiRG HF dha Aish dlesiinEgld raseliing om randespesofibetsy ToTdin the
nandlyr IFHER of. 0 degr denot e

par aslg}ﬂ(gel &gﬁdgégﬁne%a %r om %ﬁ%&g%%suné?m?@%%néﬁ%/f Papat g?i \o

Nanpfibropagéafinidof e @ppiegimetsly B esan ugdkr&@g. PSEIneHY ALctron
SIS. O

. ian For_al i gnment anal ! .
o TR B RO i FeSi B BB her uniaxial stretching. SEM
imagesshoattharunecidPPvBichitpTtaae8 $n hAMPAIRIeH AbNo B S (ﬂ;(;. 12A-B)
s ..used. In addition, the percentages o ’

The alfj%tg nnent d _ i _
FUEERE RATRFT digmgtsr sesepprpsinaaiplys3004ma. st ri at ed
ot ubes were quantified and averaged at high power.
0243} o Lo/ dreayeal i e difwerno figrm pn¢ EEM arvdeiarndge) anSend al
neurbWB988 £ b.di t RBlcgatd nerged. to quanti f
myot ube | eng?bﬁ?%@w&g?g&\%ﬁ%%gxp é‘gesreebdﬁlgcse%barﬁ%rebemm ©
exany gh dladraingedi b FOR heveB)th bsemstiostr airosiogmdircanaens@sin vitro,

e t y " o f t oups .or
e o o R BRI B rndle /& e erio30-53
(1 98?}”1\/%[905@(3 Ibethcryntsansi aserrsate EUANRIpErS vEomeitiiepari®833Ing domains.
. I i ff nt i for, 7 days on
oo OSBRI POt Mhervate e in e
bFGF kelk sigdblinmitionay. @b$pmlhtm7ﬁ'8zd ettdlg Jr(aazlzopzbl@?ﬂ., ig&ag%&t (1986);
r 0 r,ound - neter ste ro
Saksgf)cF ol o BB 1 S A Gl CallyA:54 b5 &4
utures.on both ends of_the tubular constructs. The
0243 WHCE%“'\“A/@‘P]&%?%%C AYRAIRers BREETeRd Ry seiaE diemano-poly(ethylene
glycaheliygils PEGH @s & 1iR&a6biceNe¢Frsa P ey F’l’?srt,_eth@ﬁ@llls\ﬂﬁ/eqrge}/ctive
b r%| ne herméogiql in and eosin (H&E) staining a d by _
AP RO OP datehtAstaarhberg Vo icrarserl by tea @ jheTveffolds with
0.01¥ 2bIOKE a$igthal Sbubals, HAMS HURHS-PIRE BvaP ngg@%ﬂgﬁj &ﬁéﬁéles were

th mnﬁllln di aneter and 10mm.in longitu
on gqvaionthy ptipgheditn dheraskexydis rpensain the HE&. Amanuifibkoqysingf the zero-
length REse IGRAS LGS -RARRSEL 180S0 Ak g StrHctyre
‘ f the constérﬂﬁ}f:,t s@%oul d {’)e su@%@%&)fchdﬁ%?hﬁ%%? %1%%9% oride (EDC)
and N-py groxygylfospscaniprds (SpdfopHS) ERiguleBiettcimmbey, Ruaikatd ).
HepaSia&Ri AIBQU S < scaf f.ol al t hou .
g selgtggpl s wer e v%lg itﬂkl)ﬁ&gvtalet?l E]lgtagt gcr}?egg% Ut g%ea%rﬂlqeﬁﬁlg El?e di-NH,-
PEG apeolcedss vigER G bl foNHS Ty féruanegaenttivy sgtaomed nanofibrous
frdtd @6/t b1HQMRNSL Laton W fhin th
Sca, mul tiple | aygjr%’ts&g%&? ﬁ%%&éﬁa&?ﬂﬁ%&ﬁ() I‘—‘}i’)&/ Vg f?nefﬂé’?@@hla%e buffer
sahnea@’&ﬁ)églu@pgn dheebF @B (pbrat/ g:gf/, Fapcbtech, Rocky Hill, NJ)) and laminin (10
ng/em?, Sigma) in PBS solution were incubated with the nanofibrous scaffold sequentially

to allow their binding to heparin and immobilization on the surface of nanofibers.

[0244]  Attachment of bFGF molecules to heparin functionalized PLLA nanofibers was
verified by using a modified ELISA technique. To compare the efficiency of different ways
to immobilize bFGF, three nanofibrous scaffolds with same size, untreated, di-NH,-PEG
modified and heparin functionalized nanofiber membranes, were incubated with bFGF in

PBS. All membranes were then incubated with 1% bovine serum albumin (BSA) in PBS
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al igned according to the direction of the nanofi bers.
These results denonstrate the feasibility of
wen@rogani ng al i gned t hree-di mensi onal skel et abCHUSDE061253
usi ng nanofi ber polyners. EXAMPLE 10 Nanofi ber Pol yner
Producti on [0241] Bi odegradabl e pol y(L-1actide) (PLLA)
(Lactel Absorbable Polyners, Pelham AL, 1.09 dL/g
i nherent viscosity) was used to fabricate nanofibro us
lgcaffolds by el ectrospinning as described previously
soluggn EQEEHMEES RASSTVARASqUPERR ofGitiodien 5 S8FEq8Fntly, #12M@nples were

incubhed R AHRPLA) L%tefd]fgl%’ W(F’F hﬂ)ugg l'r}% 8&%Bmlggaant1body (R&D Systems,

del i vered b){F pr ogr anmab
MingeapoHaddoD! | @étm%@brﬂn%t\éel‘ﬁ rweahﬁi @Jbrcai@t;t Itnaﬂsﬁerredi th Eppendorf

tubeE and h{c'uﬂgteﬂ Qvﬂk?ﬁﬁ?%ﬂ%% (?&tlﬁog‘l Mgrozgltei;l% cge an% romagen

bers, the el ectrospun sca

tctramﬂzasslqu@m@)o 0o cionavas thtn $6pRi@ ushignf Isblfﬁ&{ykSacld The

abso%;a% EQ&%e%ﬁ%ogy RERSY 1%12} e%Sigls%l%%mpmy&%%np {92%%&2 450 nm

Scanni ng el'ectron mwc
wavelength).i Wensyanigici dolgorpdbn gHtRF GH higibodfivasitalted on negdtwe control

EM h t hat | stret
semSEL S0 BELLROER a0 A0t U023 B S tcae
bFGFlveativewag el gnﬁ"maﬁﬂjaﬁroradeﬁﬁmean WaSo FRRY RNLBTBLYd 5?/@59 heparin.
nodi fy nanofi bers, one

el 03421 ol Chemcel
" O‘b SURSH &erm&ﬂ‘ﬁtﬁ‘eﬂ%@tmraf(eba@at@d with
poly(acmlmhicais)tanﬁaﬁhﬁlrgaﬁﬂ \AHE@)NH@JP@G:’%@E@%QH% the same manner as that
used" qhegﬁgﬁaﬁl v% ?gn;‘gl es. Lamnin and bFGF have both
58, POTRPSHELE- F%) i te extension in vitro.
gfl ;?or pe et al, J Cell Biol, 97:1882-90 (1983); Rydel
1024 l@ggqsted fyorg@ggzj;@ts( WA9BFYL. to Mg oweerite dx&tnhlon on the

nanofbet @affs1 RS INCIRE 1kt Wi | e hepari
bi ndi_ng donmi ns. 1par| n h&;@ﬁﬁ%}lsf‘ﬁ él%eoﬁjasﬂ e SuPP lemented with

B27 aadhP 6 ceMoFatute g degireght Corlskald Ga)dps 6 alakﬁyn ﬂ1@|f611dnﬂmg
. Ip aro
hgnEﬁ' end Eﬁjflplhgjlglho ILSLAQ g%&dﬁg gc%h?%y él)n%ggg’s eing\/lmlé %unéﬂtlonghzed with
lamlry@éLAl\g aid hmrn?ﬁmactmapz@s@)th lafaindmaet bBGF (LARIHLFGF). After 6
e 0 tu 9 e i { |
N N
All S@t‘py]@@ Werg dist Kidgd m)4%$aafdrnmkcﬁil1yﬂ'e|e@1@lihﬁ1 &eﬂ_‘ﬂ deembrits were

permgﬂ{l Eiii \kﬁﬁ che):] %Inttgn-%l 05 E#S %E}S léléx%(:lp %&EJGE% m(():ubdted with

nanof bers was
goat B@H@bohlobgltlvmm@laﬁlehﬂ\m\{aﬂ}mi Hi@ aRtiboky- (Sb@tul@uz ﬁi@technology,

R nol ecul es were
Sanfa%v%?%n %gd (S%“‘%%&lﬁ%fgfyt%lﬂ? Eﬁﬁ CEPHaRY e éo’glFQYlﬁa]él g7t 193 antibody
(JaCkE?LrLIdmmanmfesdzmﬁs Wisit igotd) @A@C fl@ﬂe%ﬁﬂﬁaﬁ:s G)&@Q@ &Juh&h%sglass slides
and vigu8h Jh sméaZe %QQ amc Car bodi.i m de

hAydroc 4&“CE é?ﬁﬁ“ ?BP;%‘E} Ardegicacqanifegabi8uorescence

m1oro(sSupa‘o NHS) (Pierce Biotechnol ogy, Rockford, IL).
Heparin (Sigma) nol ecul es were then covalently

[0246)t el cknbide Fdr® ORINHELS AR dob o divdd i unaligned untreated
nanofiber scaffolds (FIG. 13 Untreated). Neurite extension from DRG tissue cultured on
unaligned LAM nanofibers was minimal (FIG. 13 LAM). Various neurites were observed
extending from DRG tissue cultured on unaligned LAM-+bFGF nanofibers (FIG. 13
LAM+bFGF). The neurites extended outward in a radial fashion from the DRG tissue and

lacked uniformity in alignment. Neurite outgrowth from DRG tissue was about Tmm.

64



10

15

20

25

30

PEG nol ecul es via EDC and sul fo-NHS. Any remai ni ng

reactive sites on the nanofibrous scaffolds were
whbk@ckedoby i ncubating the sanples in 10% w v PCT/US2007/061253

i n phosphate buffer saline (PBS) solution. Then bFGF

(50ng/ cn?2, Peprotech, Rocky Hill, NJ)) and lam nin (10

nmg/ cn2, Sigma) in PBS solution were incubated with the

nanofi brous scaffold sequentially to allow their
[02@ nﬁi ng to heﬁari n and imobilization on the surface

LRI £ g ippad pniseated rensritbetst neIFGE erisheiotives obssrved on

untrét@balighetl Wags N TESHe R i verified
. USi Eg‘fgaal modi fied ELISA tg%ﬁﬁ?%%g gﬁg%g\nggsrhémtrﬁ%mns oPhe DRG
tissugand ez alensd ipjthy dreation vl jhe napofihersbiFlGz ¢4 biks thckkeRsion of

neurt8RbMYRWT tw6 3k digh dsr Wk Ll Sa i unt.reat ed,
di - NH2- PEG nodi félled an tﬁg%%'r Iouritd Sutetotith 5 yptreated nanofibers

was A0 O . rdiebe roselds indivets thatcligate dand fiterbFrGhidouRBSec to induce
i-n ed W h 1% boyi ne_serum

neur?{a Eﬁt’rénﬁég&% %{%A S%H%&%é%gl%ﬁ]ﬁ fh ?ﬁ%ssrﬁeﬁ.i ﬁ_}n})ialiyaglégr\c;g but longer
neurgeiswenstabesrved oa .a,tigxrﬁ@mm n&mmmt(mgd ¥4 U%M),%@ggés@iﬁg that ECM

i i -conj tigate ti - bFGF nouse
proté’ingél:] %C %ﬁg%%%&é@n F@%nf%tl@g% B'ﬁ%? 1 qn'r;gglﬁ'gp iog‘ggrowth on
LAMyNgnofitiaes szthwnés’inmg é‘hmik;ge@t atnhtmﬁ QE'%% neh%i@etnéi‘tfrfs{ﬁdwas

s nd incu W substrate
obseﬁﬁ@%@%ﬁ%ﬁ%@%ﬁ@fﬁ% E?QBﬁ’L(%S @ﬁ @d GHIIOWb+MGF)' Neurite outgrowth on
LAM-EGHettydvidb nzdsdibba) 4. 8HhAe  TIRRE tédhits WRS11 ?ﬁ% $hARRE N cal cues
e

' 2N uri,c, aci d, The absor bances ©
frorn {50y S SHGF Snitied i G a e mop Rbercsieros,
individiely emimeotabiaagét) JgreNgnspgcdelang @LSOFRLHO Q:ftgxflsi&lﬂﬁom sensory
neumbﬂlgGII{iaﬁ_t i bo was t ef_st eld on negative control sanples
Aitd TFBURYENH1BEOR &gY fogRIBMisTqamaderaensitatniriat cRiending neurites

followed tHetgiddnkcEof b tivdunofberst Hat foprﬁ%dgaﬁ&] Iﬂlgte%son random and
or1 bers

. significan nore efficient on nan
ahgnf"%ﬁ%tﬂﬁ(]?ﬁ’éf’l&iédlﬁ-th heparin. These results were
further verified on tissue culture polystyrene

substrates coated with poly(acrylic acid) and
conjugated with di - NE*- BEAMREEEbarin in the same

Jmnner. as.th sed qn the PLLA nanofibers (FIG 12E).

Longy ‘b‘@ﬂ*ﬂllycéédg‘t‘i%@]@aﬂwgﬁ?é&f?%%@w P4-P5 rats was used

[0248]0 Biodeyradehle ipbB(REEEBSIBRAA caf :

Pelhag! D@%{&@S ug %s cul t i 9@3 i SE@Z 9?2%%2 g? {wﬁg dﬁfr%%a%?e Polymers,
%Fﬁa‘r & TRTRIEISCosiY) Wassisart farigetemanefiber scaffolds by

electrodpimihg 0T8RO PLCAX kshashs &2@% WPk ?Fgf?y@aqo&fh%%%&];b%l e{ I‘?r‘é,"'g{‘a%mab le

. aligned and unaH ned PLLA nano r sca
SYPRgHR Lﬁ%%tf’e © e Bats o theipleetrertrattiadtay wite bf I ami/howr. (A AMh voltage

supplamds he@biol pftine tioRa! 4:26d Wi R bECE
e o e ot e A ST AR p gmced stee

déeiAl\/gF?FésF) . After 6 days o
mandie FEHEIRE A faetaineargble o ueipied themanddel amued ée idng axis. Teflon tape
was Wit afGind decBBABE B8R NeIEelf totyd | x8d Wi th -

4Z%ar af or mal deghyde, ﬁ%nc ﬁ%lr%bg%iafe %%%F%%&eugt%ﬁgmn' The
mandysd w2g sier abd slpv $pead §96 STmint)ow h¢ POGANFRES el elebt@dbpun. The

jet altdrRBted BERI RS tHERFO LG %W L.Lh.goat pol yclonal .
anti - neurof i | anent - MH ( e\l%dé 5%??@?5@‘1%%51?1&‘( norcopducting
Teflogtage éqga‘mre@gyl,ng in deposition of PLGA fibers that were aligned parallel to the

long axis of the mandrcl. The rotation of the mandrcl cnsurcd cven coverage of PLGA
fibers around the mandrel. After electrospinning was completed, the edges of electrospun
PLGA fibrous conduit were made blunt with a scalpel and the conduit was then removed

from the Teflon tape and mandrel.
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Santa Cruz, CA) and subsequently wi th FI TC conjugatcd

donkey anti-goat 19gG anti body (Jackson | nmunoresearch,
woemr/ogoere, PA). The sanpl es were nounted on PECEHES2007/061253

slides and visualized using a Zeiss fluorescence

m croscope and a Leica confocal fluorescence

m croscope. [0246] Neurite extension from DRG tissue

was not observed on unaligned untreated nanof ber

af.f ol ds . (FI 3 Untreated). Neurite extension from

[OZ%G T% i°SSh é‘g Xﬁ&yﬁl@(ﬂ agﬁ“‘ﬂﬁ‘é"r thgriabr VAN Y et itrlosg wais and the fiber
morphaioggaivas FGaliztd v LigMahicRisofe Uk il L5 opserved ..
: theit endi,ng from DRG ti sSue cul taélﬁdjgg%a?ﬁﬁtgﬁfglﬁeeggem wete aligned
I f A ReERh dihehtopdielens Be lam avgmbiberpnddbe neurit es

extended outward in a radial fashion fromthe DRG

ti ssue and | acked uniform tg in alignment. Neurite

outgrowth fromDRG tiss BBd3t 1nmm [ 0247] Tn
Iibg‘r;ed untr eat ed nanof bers, neurite

Lon$i? n(Iir aﬁt t]% U(T% 1 .
eXIEne %ﬁ\mﬁﬁ Bydreredcdfeld Radeat ed al i gned nanof bers.
[025The Biedsgrddasble ﬁmﬁg-&[@%dﬁ%%gbg%é@ gi.p Rg S (% E%ﬁlg Bolymers,

DRG, t i e_and were aligned in on O
Pelhggh A} @Eﬁéﬁw@mmf@m) evebexed s fabmicafe meufibéragaffolds by
clectfaspiinmane THe RIVOA ls88HBAT 26, v%ﬂgn tHFﬁaggana I\elzg%ﬁrﬂx%?efimﬁ a

] o#@grqwt h.on untreated nano ers
programuiable sineepumptiodhe exit hale oflthaprledratamoh Bovsraps oV 88 /hour. A
h. h_gul I h i i f I,O sens |

O ana oy tanR R REMH e SHERELON LI BT Fevbter
clectiospipingProrase toofyserlgegftusinadlyi ajigaed Fibdds hattef sheps 5f 4 fdGa

A ' rotei ns can further,
e e AISRU M b P LR SBR Srriviorovo
groursiet gh Stk Ranshicls Avhmgadodie cad waith dahoigaplindAEniANE (ic 2 om) and

an bEONRES bR ; e neurite extension was observed
e e b Dl b Eonf ehtous iyl oo be
attaCfEéG@ pte@%_la oo uIO?]nch ear F&soﬁggv@?%\g%@cheranl"egsgﬁ%{é%%gheir fong
axcs . -ragﬁxﬂll:%rm %?% n%t%%crb me ctc%cé:trﬁm}gpig&prgqg:é% the mgndrels can be

rotateg]ajt gsbool sprrdf <Hemnsubshsat @Sen i ddisMiot Ulel Bk dnrbolymer fibers
DurinGMPLRALL LR, qreat | y nhaﬂ)(f:lg and direct neur’i]% e '
xt ensr on-1ro %ré’ﬁg%r@eﬁ’é’ frsolutiogryvilegrm pijetthaigravels toward

the cotlopfimgaibstriter B HRPYase SR NG H Al ciB A '
Rt bl e Sbi gea%it‘%%ggéntg%g? the ends of the

Ftes fol Lowed the gul dance of

two n{;ég.?éel’ls %ﬁ%ﬂ %ﬁgﬁf & e(b alops theslepgih of trogapaiadd have the same
orientafiorgmettic harpafxi e the (ianG@reldHD )Und A i i
electr or&gi tpgi nal IX.AI [ Sned SOIQ)y)éJeI; ch{ﬁ#%loyo&er]]%mofp FBE’Esjhe

PO EGPAAT LI Ico Paserase s figny bsicnds atihd jwp PhdM)mandrels by
using @ seadpdlanAlsambalng Re k) s®S FindLel : . dL/
electrdane 1rﬁgr?t vi clgsi ty vvagg%sogdth{%a?%lrsi ?ghteggsnugﬁlgfa r8§ ghaped
COTTREP FOIYS Moy eiractiioldprih fihers alfrecdRril@ty it loutg axis. ( 20%

wv in HFI P) was delivered by a programmabl e

EXAMPLE 13

Longitudinally Aligned Filled Conduit Fibrous Polymer Scaffold

[0251] To form a conduit composed of longitudinally aligned fibers and filled with
longitudinally aligned polymer fibers, the following method can be used. First, a hollow
conduit with longitudinally aligned fibers is electrospun. To produce a 2 cm long
longitudinally aligned filled conduit with an inner diameter of 0.5 cm, the following

conditions may be used. First, a longitudinally aligned hollow conduit can be electrospun as
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syringe punp to the exit hole of the electrode at a
flowrate of 1 nL/hour. A high-voltage supply was used
wao o00appily2 t he voltage at 11 kV. The col | ect or BCES2081/661253
was a grounded steel mandrel attached to a notor
capabl e of rotated the mandrel around its |ong axis.
Tefl on tape was w apped around a section of the
mandrel to create a non-conducting region. The nmandr el
d S 510t ated at a sl ow speed (<15 rpm as the PLGA
esqribpd hereib Peng P &RANHER pith 2 MoTecratucting eveiar ethtbetst@en in length and
0.5 drhén Hidene3QC t’I'h%rl§n§{udH£ﬁZ %Qgéc?ﬂlolfo% @5@«:{11? can¥henhbe removed from

non- conduct i n l'on tape-region resu
the r&%% gl 4t &7 Sllz"t GEh¢ ﬁb@l‘rrgaﬂehalt is mcaomunWM@ﬂy @alohﬁis sheet of

alige®d ﬂ%&@ﬂ@er?é‘é ﬁesgilbécpﬁer%n dIrh% she %&[1 eﬁi(gxl} gggrg 580 be shaped to

mandrel ensured even coverage O
the prpperimansbns ¢fthe turedrecfithe thMIcBng/aSTlﬁkQ%EﬁéﬁdbgnE@ bers is

un PLGA fi t were made

then JfiE8 Bro ThE SRR B-EnEE Rl b Lhilod Wah pp sy dibers
aligrfed grortghies oef laeis. tape and mandrel .[0249] Tn order to
verify fiber alignment, the tube was cut along its

[ozslzpngrtwﬁlser anderidi@af bO §fodﬁ@écp£‘50é19ﬁv 2 YBtRe h%é‘@do\%\léa%ged’%% figned
mcrosc Orlt of the fibers

ﬁbcrﬁ f 6%%‘&1 CPHPReE 9 E‘Pf@%@é’é‘lah}ila lighqdelzglhqronTe peodaico thy fiille matcrial

1810 1 etQdorifiRe 0 a

ok st o o) LS.
dhgnﬁglf&(@&cﬁ Xmelbm@m}l;&ﬂe ivatha3Q aycr@p@@d}ne(sk ot ‘Qet electrospun and a 2cm x
2cm APSRE Behiod BRIbY RBY. STheR s%'e@talﬁh thin broPid %&’iéog%semn S8 & manner that

élSCOSlty can be used fabricate nano
the aligngd 3bers Twsy aleng therlorgih mﬁ th@grollmth gheRL c;uhes shteat tamrbe(d084 until the

diam¥leY of ﬂleHEQrﬁ’%d fRNsBe dgl i Xﬁés? %(nateihe 1 g ﬁé? rojled rod

Cfrlne gftothe exit
Shap? Blieraateriak can they boimsertell mtogthe\lmgmgmaﬁypplgyecnm1daecondu1t

der for_th
i 5884 . LIS by et g0, e L g«
rod shfmyérfgarpns pdlpmsh sqaéfotit canpadd of Iepaniakily edgal firRed &cording to
a ; d..Jh lecto strate can
A e PR IR
colleetnrmandielsagangier0. @am mmhd:rhkﬂen‘ﬂrdﬂieﬁ’spébtﬁi 2 164%) ZQHga[fE@trlo Q?eate at

I 0 exit_hole of the
st BRGSO o o5, S, S TG LU, et v
a SCﬂ]@bb@Jtd @nhn@hllo;l% clonddges :)Bﬂhe ndrds.t 1as r&ﬁdhﬁﬁé& ?ctaﬁ‘gid"@an then be

nd their |lo axes in a synchronize

nmeﬁga%ﬂgghﬁfﬁ?ﬁg, u@W@@?Bﬁ%ﬁP%nlng process, the

mandrel s can be rotated at a sIOM/speed (<10 rpm to

ensure even deposition ﬁ%@n ? ospun pol ymer fi bers.

During the el ectrospinn %H £, the pol ymer

PLGgql;y,;d et that travel s toward the
eczfﬁkﬁ\@cgtfgs(f p‘ltp%rl‘??flthl s case, the jet wll

[0253.1 r aBmdggratiﬁide ably (gatic-betiyeslic-hbid) @Md@A@SLéc{ﬁﬁ Awerbabie Polymers,
al ong

PelhaFP?\c}Lt! ﬁl (29f Iﬂ?/lrgmnﬂ]el%rgtl vg%(rgglﬁ\b\l}getmt Lﬁsrs éal I Ticate nanoﬁber bCElffOld

membranes by electrospinning. The PLGA solution (20% w/v in HFIP) was delivered by a

programmable syringe pump to the exit hole of the electrode at a flow rate of 1 mL/hour. A
high-voltage supply was used to apply the voltage at 11 kV. The fibers were deposited on a
rotating steel drum (see FIG. 41) covered (diameter: 10cm, length: 10cm) with aluminum
foil that was grounded and controlled by a stepping motor. For aligned nanofibers, the

collector drum was rotated at 400 rpm. For unaligned fibers, the collecting drum was rotated
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orientation as the long axis of the mandrels). Upon
conpl etion of electrospinning, the el ectrospun polyner
woreaogn9@Eb2 can be separated fromthe ends of theCT/We2007/061253
nmetal mandrels by using a scal pel and cutting al ong
the edges of the mandrels. The result is a rod shaped
el ectrospun fibrous polyner scaffold with fibers
aligned along its long axis. EXAMPLE 13 Longitudinally
Aligned Filled Conduit Fibrous Polyner Scaffold [0251]
at <3 rpror Ml %s:tr@émmmg W@ﬂﬁ@@é&@ecbﬁnﬂlldﬁigbszhalﬁbldswale lagp@dimately 130

pn i B8 bbb 1 S0 P PG E B I ol B, 0 Horous
pol)hn)darl sheetcoond tid drobd, fihd mgmmdyaedddyfoﬁlwas et eflbﬂ@gfh% 1éfth of the
dru tros T0 @waﬂp edﬂFﬁ?cn1lon g longitudinally

TR Y m ThIRus PRIEMCH|aXREwaY then pocisd from the
alurgifinmt 106l tb @kddaok A HE dlyxﬁBLSsHEENapgp%)Hﬁﬁ%ly Bb Lt 18ngth and 10 cm
) nggltudlnally al i gned hol | ow conduit can
M Wa¢t8ct r ospun asdescri bed herein using a nandrel with a

non-conducting region of at |least 2cmin |ength and
[02%#] 5 fhgnrpentiod) @ﬂrwaw@ckm@mgm ph%sleIOpnuhsit gmieﬂ)sh@el (@arl Zeiss),

and @1@1@%{19 @ﬁn‘fef% EI%FEQIYE) efﬁfrggndf hee ST 46 ﬁt 4 §1vaen ap})hcauon For

to size. ter At d rospu
wound disiyngs opeefsbes h%fold)f}neabs candlek cpmltcy n‘mtchf thb dirser$ons of the wound,

j t. of n ofi bers can

or (B BE P b I8 e Rl B oM R PP b e o be
aliginwsl 4tewpeafidangle Wﬂtierespﬁﬁo ofivahiagized the Beusd.i s t hen

inserted into the conduit to produce a conduit

scaffold filled with polynmer fibers aligned along its

| ong axis. [0252] The fiEX&MP&ErS al can be produced

as either a rolled sheet conposed of aligned fibers or
Crisg-qress NopgfiadScaffoldRyépardiionl | y al i gned fibers. To

od
10253 0 A Hr ¥l NeaBlakiEh eHRL s G e BF RS R b fpromea
thronglyseyeral sethodan Tabhg aeonifie b et spidhigaran e rdse @ Recrditt Iah gned
' ness Gf be.el.ectrospun and 2cm X
fibrolld BB @bl B D PR RS R R SR B PSR o 5R on
rotatiny direch mrﬁ;ostratstehg 1h1nzrl|1gn&d tibarsmariaes ali;,ﬁ@a pbnen@ slhgé’cﬁ fre then
' S _r,un o t he n e ro e The
remdcdtin I ecleBiad abi3% TR b B et Bp of Fachriahrar bt fbers in
eachrsheeti a$1gﬁe(50ﬂm> gdnxtie 36 thEEitRFd ialth€ giectdwavhand HE[OWT(IFQG 38).
Addnu)aﬁ é k a$ g%fl| éﬁrlal can then be inserted
N RG] % 44 er%‘mffﬁ EEYRE P BTIBN A oisnRth agdistrbility.
eps to formthe longitudinally aligned filled
[025ég 4 rseoony BrBMe &S FISerosTReBPaan be Traaedhapeldzing 2
con&bﬁﬂ@&&r@Wﬂﬁ%ﬁorﬁ&ﬁfdﬁl@ﬂuﬁ’g L0890 ﬁ?ﬁilegfen Pﬁg' eﬁ%@g@;ﬁhﬁ%

gﬂég fibers according to a nethod descri erer
longi«Pé‘}m frselong thcodiyer 4 6tept drortl emen giaspeien andsidze in length can
be sdc@fbd tbRanbiL, TehbLepHe %aﬁﬁ@m’l@d%r&ﬁ{a A€ 4R £ D a 4 ¢ width it.

di anet er, and be spaced at least 2 cmapart to cre
To cratq g stisgcrpsy Ry tharp, the Prumnsilé first Iypinrsdetviys(<aD et tIscp:rmrte fibers

aligrRd aldhoEX AN Budiial d:lis £80sAfe BS&%XE&C‘E%g "flon tape region. This will

be followed by rotating the drum rapidly (>100rpm) to creatc fibers aligned orthogonally to
the first layer. Switching between slow and rapid rotation of the drum will create a series of
aligned fiber layers deposited on the Teflon tape region that yield a criss-cross pattern.

Alternatively, a drum can be constructed where a non-conducting region is sandwiched
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a scal pel and cutting along the edges of the nandrels.
The rod shaped scaffold can then be inserted within
wo b@7iedibow conduit using forceps. EXAVPLE 14 RUIEBES2007/061253
Nanof ber Scaffold Preparation [0253J Bi odegradabl e
pol y(l actic-co-glycolic-acid) (PLGA) (Lactel
Absor babl e Pol yners, Pelham AL, 1.09 dL/g inherent
viscosity) was used to fabricate nanofiber scaffold
menhr anes by electrosplnnln? The PLGA sol ution (20
betvggin PR Fond i e pRtalFeBTone sisel Tanyo theptesignaritbinendngt desgiibed

pua@@m@ynghkhﬁvaﬁk%_hole of the electrode at a flowrate
of nmL/ hour. A high-voltage supply was used to apply

he bers sited on a
[025*;7& alglloijgig t":é cel? %f 2 B Ou-ggj%ll:mr K4k m@&@%&é’!g‘ tissngpesralignment of
fibersgembel gmspunm?rg T fmtatink?adlmm zn;umdilébﬂor %{ﬂ@tra%sl“he electrospinning

r cQntro | ng not or
TR T
A lagt@mfrafhmled:ﬁg%ﬂ cath bgesbsitedoh She doRRinGUrh:BC t’Ig‘L%g. tﬂ%fég&flﬁsﬁbers can

r 2Ctro ni ng was conduct e

N RN R
can agam: kaagsted anphipdtpedd 00 MY tANRNE forfth@ 8¢ s1 é}'ﬁ o(}‘ragi%ﬁed fibers.

Thist enmove, the fibrous. polyner sheet fromt
tlﬁ 8“6% FM% op 8%;%(? MRy tlfnaﬁslto WEQdaICe A criag-eriegs @lh@loldéﬁ:gmks polymer
scaffold sHeet ﬂ]f\tdllﬁbliilﬁﬂy giveh apRedr Ebomd Q%n@ﬁ g%] %&%n&) ’f:a%vF to the fiber

ayer was then peeled fro
mye%é”%?Sﬁﬁegya fi brous pol ymer sheet approxinmately 30 cm
in length and 10 cmin mﬁdth [0254] Alignnment of

fi bers was checked usin hase contrast m croscope

(Carl Zeiss), and the fi lbBllper sheets were cut

. desi.req. di ns to fit a given application. For
Mierolnds ir QV ber scaffold pieces can be cut to

[025&ht mmmﬁbﬂ&ﬂ@ﬁw%h&fm R MRMEE o @Jscﬁg?c?@%%ﬁg )_{@ with either

The orientation of the ers

ahgn&ﬂ 8% Eﬂﬁlgaleﬁ gi%‘zﬂs' gHetigiciah woyad of Bep defgttevas drbated apaemonomyer of
normaDh@mgh ewnad fibfotdistS NEETNRYYSh thﬁféag’%%hi% %koﬁr%ws 3¢, an 18

G Nanof i ber Scaffqld Preparation
AESPURET nedl Vot Hatiined vsingrd kead oriess Sepatd, @ranofbroiis BRLS meshes

Were@@ﬂtotkﬁnfeﬁé’lﬁﬁadoit hg QL&JD FhY ﬁa neg%tegcﬂ dnd -Frlpe r%g%x \?J%(r%n‘gq;ﬁmed n

o el ect rOSpl nni n can be use Crea
70% BoPYRR aleplalagd A8V fight/fog QQIrylndastﬂle lmeeﬁle fvals haid spair€iftacross the

nanoBVer§ Y 1R ebing 5%‘@%}}1 h P Al ﬂ\r e ﬁ%

stretchi ng unal i gne %gerés%p&m(gtée fg?egﬁ gﬁmﬁ%ﬁ yrs were either
paralleh, piefrengdicalap fraimak gmﬁg@hth reypettiie tlookbeet otis @ﬂﬂ’nﬂ)dNHDFs were
seedcdaR chSbRY B@Qtﬁ@ a{1 other with the fibers in

each sh eetﬁa 17 gned ort %b%ngthe? ° Phy epief&r s fipm igading
undegratbtF1GHIVe Altet thetdly (dBEGd, B8)eedle was removed, leaving a “wound”
in its place. The cultures were kept in a humidified incubator at 37°C with 5% CO, for 1-2
days to allow time for cell migration and wound coverage. Before seeding, NHDFs were
stained bneﬂy with Dil cell tracker (1:2000 dilution, 10 min) to observe initial wound size

and to monitor progression of ccll infiltration into the wound.

[0259] NHDFs on micro/nanofibers were fixed with 4% paraformaldehyde, permeabilized
with 0.1% Triton X-100, and blocked with 1% BSA. For cytoskeletal staining, samples
were incubated with anti-whole actin primary antibody for 60 min, followed by incubation

with FITC-conjugated anti-goat IgG secondary antibody (Jackson ImmunoResearch) for 60
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Additionally, the sheets can be sutured together for

mechani cal strength and stability. [0256] In a second
we@x@mpdmEp2 t he criss-cross pattern can be for meRICHYS2007/061253

utilizing a conducting drumw th a non-conducti ng

section in the center for electrospinning of

| ongi tudinal fibers along the drum A steel drum 10 cm

in diameter and 10 cmin length can be secured to a
can be rolled around the drumto

min [ ]'I'fllontagjlegzf [ _ _
cOVEF Gl SrAtYieYTETS 1sod to deterrine cehherientatien endewphology, as well
as opabll @i ganidafion Ahd Wothd boddrh St ?ﬁgé ﬁ}ﬁ%?%&é}oﬁ%ﬁ O GRBE 19 tei were

creat el_{oi hers aligned al on n axi’s

staingd, gt Hogehsh iy s toclonge ting.aPe unefigron fibERS, Sell migration
and Woluhd ESvér@%é RS WndRbAL LRG 54hl?oug£, g)?l} i[z]v%g Igﬂelgﬁy ﬁn@%lc?ﬁ &hen the

(>100rpm to create fibers aligne
fibexsjvege ofiglier peprndichiarly thttoleng cdgawrandwoapi (FIGH 38} i Biko,

HIoF ; i te a series.of aligned fiher
N antraly Bl B R oBe oty PR e iper
diregfiogrqusdigmed§idersat t ern. Al ternatively, a drum can be
constructed where a non-conducting region is
sandw chedbet ween two conducting netal regions simlar
to the design of the naEXAaMPEBAr7 bed previously in

this invention. [0257] In a third exanple, a fibrous
Woung Hggling;caf f ol d sheet with criss-cross alignment of

02661 b I Lhg a rotating dr as a )
o 03 £ UAES SO 000 LA OIS e
n Exparyde b ading ontiesligniet didbetse rRxiforef @il seb@nt DS Abidbud lpbBASY scaffold

[ I eets.. Al al i gned fibers can
S R PO PR in D B G = Fisact heidn Fageplegd. bFGE
was githss igmobilized tpdel p@diyxgesmﬁhlial siets s ﬂ@rgﬁﬁbgcﬁ 0P PrdBeked in soluble
cky.onto t rum col | ector, e drum can
fmﬁ% ARt Al a?lefé‘“ﬂi“é?}l 4P (RSO Vi fiFied imp mswolayer of

normpbhurmiye ddagzb ﬁbtdlﬂiﬂs_t@(ﬁ[\l I&dt)F g)’kﬁﬂtg@b@ﬁﬁ&- shddk 85 WM LEESP i hmple 16.
. - I ed..man I es O produce a Crilss-cCross
Fibe R ) SR o i it T nissed fo it aniyof the

al 1
wourgi. V&l ndgrefioroind wb&iBcdveralel '
micrdQot e fib e0 %Lrgy rs a%l' aéﬁﬁtv%g%f%g%%&fg Et%hﬁﬁé id
Crcﬁf%?%?%%ﬁ?@ﬁi; jn aMNHFY opwgeamd fibers did not fully cover the
wounid g ¢04 farrafided, wilkeat NISFEof HeALe (ga%%gfn'f (Igﬂgog«‘rcjis]}‘f} rpjgrated

mor ExarH{)I eth‘1 with either aligned or unaligne
CEHGEY B men B sjaped erpmcedeound covereke FIG. 37).
nmonol ayer of normal human dermal fibroblasts (NHDFs)
on these fiber sheets as follows. First, an 18 Gauge

syringe needl e was fl at EEAPEE B a hand vi ce.

n fhrous .PLLA neshes were cut to di nensions
M{%&%’%%Q—%%ed needl e and the mesh were
[02613t eAlighioddtrd¥id SOPhePydn ofibePRL LN blc!\éré:dt&{l&sti{;ég rotating

30,,m.n, and the needle was | aid securel acr oss
drum Lol ooy eS‘FI?PeSHB%&é%‘iPFGeH‘-oTlF@ﬁtSbQ@i’f%Wﬂ\b\z‘t hsadess penindtdpessings to

aid derivel fisshe repalin @ RABALL.- ShigBERSHIRESR SL TR ness gap defect on the

backs of rats. The micro/nanofiber sheets will be cut to the dimensions of the wound and

sutured into the dermal layer to aid fibroblast migration into the gap. Wound healing and
tissue regeneration will be monitored using digital photography, histology, and

immunohistochemistry .

[0262] Itis understood that the examples and embodiments described herein are for

illustrative purposes only and that various modifications or changes in light thereof will be
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paral | el , perpendicular, or unaligned with respect to

the wound axis (FTG 35). NHDFs were seeded at
we@onflouanry over the entire area, but the needP@I/US2007/061253

prevented cells from binding underneath (FIG 35).

After the cells adhered, the needl e was renoved,

| eaving a "wound” in its place. The cultures were kept

in a humdified incubator at 37C with 5% CO for 1-2

d to allow.timge for cell mgration and wound
sug%:atéé F%B%rsoﬁe%ﬂv%lﬁeéingébﬂ P14 gnd miESevegledsst withiedhdspisif dnd purview of
this ‘m;ﬂl?catﬁbd asdopk bABESpptn sdi ARy dQ M) to

jobser ve initi gl wound S|Cgeg?c2%%l i ﬁ]ﬁ ’atlons Bﬁﬁe‘éﬁsﬁ“&f’atem
app 6’?“%%% qitef erqin prg lregebsi lﬁP@’PPWéed/\bwmfere{n&%thl oS e N

m cro/ nanofi bers were fixed wth 4%par af or mal dehyde,

perneabilized with 0.1% Triton X-100, and bl ocked with

1% BSA. For cytoskel etal staining, sanples were

i ncubated with anti-whole actin primary antibody for

60 mn, followed by incubation with FITC conjugated

anti-goat |1gG secondary anti body (Jackson

| mmunoResearch) for 60nrrin. Cytoskeletal features

were used to determne cell orientation and norphol ogy

;, as well as overall organization and wound cover age

of the NHDF nonol ayer. NHDF nuclei were stained with

Hoechst for 5 min to allow cell counting. On unaligned

fibers, cell mgration and wound coverage was only

noderate after 24 hours, but was greatly enhanced when
the fibers were oriented perpendicularly to the |ong
edges of the wound (FIG 36). Al so, NHDFs renai ned
randomy oriented on unaligned fibers, but oriented

with the fiber direction on aligned fibers. EXAMPLE 17

Wund Heal i ng [ 0260] PLLA fibrous pol yner scaffold

sheets were created for wound healing as described in

Exanpl e 16 using only aligned fibers. Before cel

seeding, the fibrous polyner scaffold sheets were

functionalized with lam nin and/ or bFGF as descri bed
in exanple 10. bFGF was either imobilized to the

pol ymer scaffold sheets as described, or presented in

soluble formin the nedia. Again, an artificial wound

or gap defect was created in a nonol ayer of norma
human dernal fibroblasts (NHDFs) on these fiber sheets
as described in Exanple 16. Fiber alignnent for al
sanpl es was perpendi cular with respect to the |ong
axis of the wound. Cell mgration and wound coverage
was anal yzed with inmunostai ning and m croscopy as

described in Exanple 16. NHDFs on untreated fibers did

not fully cover the wound area after 24 hours, whereas

NHDFs on treated fibers (lamnin or bFGF) m grated

nore quickly into the wound and showed enhanced wound

coverage (FIG 37).
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EXAMPLE 18 Nanofi ber Wound Healing in Aninmals [0261]

Al i gned bi odegr adabl e pol yner nanofi ber sheets will be
wee@anedousi ng a rotating drum col |l ector as deBCTUR®A7/061253

in Exanpl e 14. These sheets will be used as wound

dressings to aid dermal tissue repair in aninmals.

Surgeons wll cut a full thickness gap defect on the
backs of rats. The m cro/ nanofi ber sheets will be cut
e(,d nS| ons of the wound and sutured into the
:aid fibroblast migration into the gap.
Wund healing and tissue regeneration will be
moni t or eld usi Agodipgiitiah cB ] ' ang
peviien cORgYSRARTY: nilos: Bty ke

| stochem siry
Wheé‘?TTﬁlbq ﬁg fé’ﬁ b@%&hﬁﬁﬁ% i mmm@r shaffelidrrasalézedr
illustrative purposes only and that various
m)dl ficali onsThercoeh}dRER% dfrbl'c{ﬂngf‘twﬂe%ﬁ%)ef £l gi‘orous p{)gfmel scaffold

h ge Ed to persons skilled in the art an
a5 enugﬁb‘fvﬁlff & dMembsT sHectsh o abond Omrom tvebofit 20ics), about 0.05 cm
to alBRp it labont BNEmS6 BSOS cﬁlhﬁgcﬁ@@%ﬂ’gﬁdﬁb%h? By aﬁcl)urttZec(ﬂn to about 5

ubl i cati ons, gatents and’ patent app |ca oné
o, Bhattil £ feabout & 1590, pher2em 4 slbusylOrcef, @nélabmtffommad) hbout 15 cm.

purposes. WHAT TS CLATMED TS: 1. A conposi tion
Corr'pr I Si3ng @ ThelcdinpgokRoR T cpa(?xlnylm%r e ﬁlﬁfeo og?pom%rnehas a shape

hi flber or. fibers of the first rous
wi *éﬁf%% pex sglegler diompa Sbeet%@r@@ﬁp@)ﬁilﬁd gcmchnﬁt amldai v 1
wherein the first fibrous polyner scaffold has a

| engt h vhi ch Tihs canipaa‘r&ah ofel8a e nEF QMR
wh1cmabOUt 20 cm ut 0. 05 camto about bégﬁpogbghh%g] §hape
i F%%Felsd@ﬂ?fogbﬁa Genduits grfillsd spadiit sndaodabout 2 cm
to about 5 cm about 1 cmto about 3 cm about 2 cmto

about 16. cm Taadompositiob of Blalf 1288kkeinl e WBmpasit Eﬂ%as a rod shape.
conmposition of claiml V\,her ein fhe conposi t| on ]h
shape wj | ect jd froma sheet

| ch a
condui t ﬁ? sdme Sﬂgﬁ? prelgum 4. Pheremysaidfigst fibrous polymer
scaffolbshie @ssetltmity dfgnet ah mdircetf @hithtiNe nfRRSLIELRA ﬁ'&ﬂ?loﬁgltudmal

whi.ch is a nenber selected froma conduit
andc,rﬁﬁlﬂﬁ% él dwt and a rod. 5. The conposition of cI aim

1, mhereln the conposition has a rod shape. 6. The
c orrp05| 7i on ®he componition whelamh m, wAérdiof dai S irsk B RN SDolymer

F affold is essentially aligned in a direction
sea f\?\ﬂ}yag%l S Tg menber sel ected from |l ongitudinal and

circunferential. 7. The conposition of claiml| wherein

said fi¥st fThe ousppiliymef clsical f wheehasi@iseaBoud polbhtr
Scaffglgquédllﬂléégn of claim1l, wherein said first fibrous

pol ymer

9. The composition of claim 1, wherein said first fibrous polymer

scaffold is monolithically formed.

10.  The composition of claim 1, wherein at least one of the fibers of the
first fibrous polymer scaffold comprises a polymer or subunit which is a member selected
from an aliphatic polyester, a polyalkylene oxide, polydimethylsiloxane, polycaprolactone,
polylysine, collagen, laminin, fibronectin, elastin, alginate, fibrin, hyaluronic acid,

proteoglycans, polypeptides and combinations thereof,
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scaffold is seaml ess. 9. The conposition of claiml
wherein said first fibrous polynmer scaffold is

woreroldaib cal |y formed. 10. The conposition of PCT/ab2901/061253
5 wherein at | east one of the fibers of the first
fibrous polynmer scaffold conprises a polyner or
subunit which is a nenber selected froman aliphatic
pol yester, a polyal kyl ene oxi de, pol ydi met hyl si | oxane,
pol ycaprol act one, pol ylysine, collagen, |am nin,
fibronectin, elastin, alginate, fibrin, hyaluronic

acid, pride eogl Breapospsmqferimde) véheerie dreilipketionslyester is a
meni b2 s8Rt ted FronT RRLIE RYBPBL b %é)ﬁgafctiﬁé,?log}z:(?aggc %’gﬁg%ﬁogyc(iarégde) glycolic

.aliphatic polyester is a er s
ac1daEq>1éf(g(1¥poh(§racL ypoly(@étaotide), gbicolidamolylaatieiyo-glycolide), poly(lactic
acidRQY-MbAEd dG@) arlll BERIFi0AE hifbredtO! Y(9l yeol i C acid),

pol 'y glycolldés, g yc&llde,
pol y(lactide-co-glycolide), poly(lactic
aci d- co-lgt yc olheccomsiogitionred clamih, neteranst tehgropofol thefibers of the

first HbRoGOIRASLL 4o Rf coph Sjtsg% ]&%lpf uc,etfc%i- Bt cél%ﬁleik]f’]gﬁg‘).()f

the fi'bers of the fi S polymrer scC

conprises poly(lactide-c-glycolide) (PLG). 13. The

CoONposi tBon ofhecoamesition 8i 19, phergpothpalolyalieriene oxide is a
mentbet 88lebt8d AoREFNEhPIRhE6ERE, %c{lﬁﬁo?ﬂle}{g{)gﬁeﬂe 3{1](? c&? %%tii.?]%s thereof.

pol ypr opyl ene oxi de and co ons reo

conposition of claim1, further conprising a cell. 15.

The congdsi t i'd% cgMpepiEpmot slaimite fietlier semgrisis la del.

embedded within, or is on the surface of the first

fi brous 150! yrite ceabitbsl of Bim T WaRRPSd EANisYntlddbdyithin, or
s on]tg u\/\%er e(;gqt sgl d gell is a nmenber sel ect ed_ f_rom a stem

(8P PUe of Ty BEEAPTSE pebmper s¢atfolghe conpositi on of

claim 14, wherein said cell is a nenber selected from

an adul d6yasdheabmpebition vaskuhay, Wh@@ﬁf‘éa‘i@&ellpﬁlalmember selected

ﬁonM9§C%h%p s&en1cell, aq It rmuscle cell, nuscle
ot DgEt SR @A PEC HBsET e stem cel |, adult neural cell

neural progenitor cell, neural stemcell, Schwann
cel |, filfr oblTastompbiitiomdnbiairs K wEEletn sa$Kid) is a member selected

ro itor.cell, and skin stemcgell. 18. The
ﬁ""mg%ln%g‘givta. GG thaa?Fﬁaﬁl?f%a?%?{eﬁFﬁcWﬁvhag FtRE gllntdwompecte cell,

musaiprdgehBoro@liaihendlt yteat dlic Aed: n@irkh&, Hédr@&lgrl)gerﬁfor cell, neural
ol yher

through a linker,.to said first fibrous pol )
stem eE 5.l Sl it 1< eafbabireropersior e, and i stem
cell. covaiently or non-covalently attaching to a nmenber

sel ected froman extracellular matrix conponent, a

growth factom a differentiation factor and ich ;

conbi nat T ons " theFRBYS > T comprising a molecule which is
covalently attached, either directly or through a linker, to said first fibrous polymer scaffold,
and said molecule is capable of either covalently or non-~-covalently attaching to a member
selected from an extracellular matrix component, a growth factor, a differentiation factor and

combinations thereof.

19. The composition of claim 18, wherein the molecule is covalently
attached through a linker, and said linker is a member selected from di-amino poly(ethylene

glycol), poly(ethylene glycol) and combinations thereof,
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19. The conposition of claim18, wherein the nolecule
is covalently attached through a |inker, and said

wo 2ovke9010s a nenber sel ected from di-am no PCT/US2007/061253
pol y(et hyl ene glycol), poly(ethylene glycol) and
conbi nati ons thereof.20. The conposition of claim 18,
wherein the nolecule is a nenber selected from
heparin, heparan sul fate, heparan sulfate
pr ot eogl ycan, and conbi nati ons thereof. 21. The
conposition of claim18, wherein the extracell ul ar

matri x cdhponht corapesitipsrafeiaige] & srhedein thambkegitleiina member
1e6RH IFRGE ReparinD hORRET hileat€h@Sdrh A sulthit b ' inati
5 ef i bri nog@e%a,r np oielg/hl(%ysi nea an d1§ cr 0 n{S)Iiﬂ\'rgll a%% F’%ﬁgé‘ggl %P é%l%d. Coﬂbmauons
therqfe conposition of claim 18, wherein the growth factor
i s a nenber selected fromacidic fibroblast growh
factor, hasi crid &iRRlsavh G d, %e?éin NEEN R HTAN Hatrix
factor, brain-derived neurotrophi'c factor,
compABeNtiiha Mekebey seaethd frant leminip) edlkigen, flepnactid, gasia, Witronectin,
fFibrinB &L P bolk i ' tor beta, vascular
lngh%of gP%%ﬁnggﬁgkmgg%%%¥ﬁm%%?§ernal growt h factor,
keratinocyte growth factor and conbinations thereof.
23. The Ponpokha sasppasition) afictaimsl8, wheren the grewth factor is a member
sele%&fﬁ%%?géiﬂﬁtﬁlﬁablfaﬁc%%ﬂ ﬁo@r,%@%brﬁﬁl &%ﬁg\gthf %8{6} nerve growth
[ egg 0g, bon€

stromal cell derived factor, sonic
facterp pysiifogenyed prusetedmike fagter cinsulingbikel grovidh tfacdorg platelet derived growth
factGOMRL LG 124 , sition claim.
ot LR O e VL E0r pod DB AIBARL P08 (S, Biderman
grovgibifacipr, kefatinbeyte goomwihi fector andoebrshiapiégnsahetewfier ei n sai d

pol ymer is seam ess. 25. The conposition of claiml

producedysby appl é/dn@&sﬁloﬂcaﬁég?ﬁi lzséé IVH)EF 8l afe d.{ﬁre}e?ﬁ;{igtgona ctoris a

0
polymer to a rotating man e conposition o
mengles sefedted fitoat etromalaiet devivsdriactos ceinfohallghbee, hoshieeiphogenic

protGAS: Bl el EO00M 1 @ARE.AH 1S produced by an
e mp

ectrospr nning process conprising a rotating mandre
with at | east one non-conducting region. 27. The
conposi t¥en ofhegomnpasitiongi stadinnl, sdiedeip ohififest Boafd phlgmer

scaffA® haks £ OhaRA@B0hdust 2794 %%g % xgper%nte%&cg ﬁc?l b {sr]%pgmless.

process conprising a rotating man ir ga
28. A pharmaceutical conposition conprising: (a) the
conposi ZPon ofheqoainpsitionphglaim) 1, arqshigedriy eprliyoal d golymer solution

com@ﬁﬁﬁ@h%%hﬁn&%%%&h%ﬁhg%%mdﬂﬂﬁ conposi tion of claiml
wherein t'he conpositron is a rod or a conduit and
wher ei n gt | east one of the fibers of the first

fi brous 28ol y composidiog o G]rﬁbtpi 15 éherein said polymer scaffold has a

sheet, conduit or filled conduit shape and is produced by an electrospinning process

comprising a rotating mandrel with at least one non-conducting region.

27. The composition of claim 1, wherein said polymer scaffold has a rod
shape and is produced by an electrospinning process comprising a rotating mandrel with an
air gap.

28. A pharmaceutical composition comprising:

(a) the composition of claim 1; and

(b) a pharmaceutically acceptable excipient.
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pol y(l acti de-c-glycolide) (PLGA). 30. The conposition

of claim29, wherein the conposition has a | ength of
whedreenonbout 0.5 cmand 50 cm 31. The conpoRCT/USWOT61253

claim?29, further conprising a sleeve which surrounds

the first fibrous polyner scaffold. 32. The

conposition of claim31l, wherein said sleeve conprises

a second fibrous polyner scaffold, and said second

fibrous polyner scaffold is aligned or has a random

orientabbon. 3. The & (tion of claim3l, further

conpri sing a FIGEMRAS "@H glhergn Hipscammdsitinm ismdod or a

condbiit dnidewlidreintat fdabir enesompd ﬁH&{s o el fiQl g
olfmeF e whjic Eﬁg&#s a second end o?ﬁ?%gé?iﬁggagﬁﬂdcomm“&”
POPBIG %’%%T ( old. 34. A nethod of treating an
injury in a subject, said method conprising: (i)
appl yi n§0t he Therpaiokition oftlagh29Myheteth i
betwelk &K us{&)n,; or sg 8 subj ect, in an anount éle?ﬁéﬁ)og%mn has a length of
condrt M PPEMnt to treat said injury. 35. The
nmet hod of claim 34, wherein said injury is a nenber

sel ect ed1f r offiha cespeEi€idn DEEMEN 28, ﬂﬁiﬁ%ﬂ@&n §1¥$a b%eve which
nuscle a severed

mﬂn%@ége%qut@%ﬁﬁﬁgngPBB g@%sel a skin wound and
brui sed skin. 36. The net hod of claim 35, wherein said

i njury B2vol Vbs caln@emam% df slaiv 81, whdrdinf daﬁcﬁ&leé\lebd'o%b%ses a second
filled conduit or

fi d
bmﬂﬁtﬁ“ 86%%?5053 a“dga\%] Fegn %Oaﬁaolméé@ﬁ@@whgan@ or has a
Ianwyaw@esemened nerve conprises a first nerve stunp and a

second nerve stunp, said applying conprises: (ii)

o o8, S5 s Adu P el EOMRERLLL SN L05neld o i

first nerve stunp;
surroghdssamfipt cohpOtbic thiranfiirouspolgms £ S | & £ s Blee W which

0 wherein said injury involves a
Surmgm}s J@eggﬁ(g?@(g(ﬁc%ﬁﬁp %tgrq’do‘éﬁﬂ lymaGSeERIEi Jsesya nmenber
elected from(ii) wapping the conposition of claiml
around ¥ki d dansiedofigeating antiafey th 5 @il & OIRORItHA B om rising:
has a sheet shape. 38. The nethod of clai m 35, wherei
sdbdrphjing ghelcnvwlome@n af duvaded antie\oE inteRgl BRisfid subject, in an

appl yi ected from, (ii)
|nsert?%6ﬁiﬂ gé%%%é? H”?h?%ﬁgﬁW60&5ﬁB§@éHH@%We
wherein said first flbrous pol ymer scaffold has a rod,

condui t3%r fThd meathodod glaim $Hapherein said injury is a member selected
from a severed nerve, a damaged nerve, a severed muscle, a damaged muscle, a severed

blood vessel, a damaged blood vessel, a skin wound and bruised skin.

36. The method of claim 35, wherein said injury involves a severed nerve,
said first fibrous polymer scaffold has a conduit, filled conduit or rod shape comprising a
first end and a second end, and said severed nerve comprises a first nerve stump and a

second nerve stump, said applying comprises:
(i1) attaching said first end of said composition to said first nerve stump; and

(iii) attaching said second end of said composition to said second nerve stump.

37. The method of claim 35, wherein said injury involves a damaged

nerve, and said applying comprises a member selected from:
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39. A nethod of enhancing nerve growth in a subject,

sai d method conprising: (i) applying the conposition
wo@oochgiim 1 to a nerve site of interest in saiPRCT/US2007/061253

subject, in an amount, and under conditions,

sufficient to enhance nerve grow h. 40. The nethod of

claim 35, wherein said injury involves cut skin or

brui sed skin, said first fibrous polyner scaffold has

a sheet shape, and said applying conprises: (i)

at (@chiapgingzhd covppritiorn obelaino 1 serudcatd deakiaged nhereebyfierein said

treat|n%o§9|()sciltl Ebgrysh gsha errethod of enhanci ng skin

growth in 5% B feP6ii said first fibrous

pol ymer scaffold has a sheet shape, said nethod

conpri si38g: (The ragshod bﬁg}a'trh éS,cwh?I@isli seidoinjwy ievadyen aldanmaged

t, in an anount,
nerve %ﬁugr% CF; épp Cy % {nﬂéﬁg % %n?xbgtasle etc§ lé:gi}rgrﬁ

enhance skin
gr h. 42 r
: nj%l 1nSert1n%r veecgm%%ég@grlg o s%lcf’lcﬁa %é%ss\éﬁ% &f'hgrgﬁféaqd {irst fibrous
f|brousprMmaenMﬁﬂdmhmhdo@amn@mtonﬁﬂndcmmWﬁmhM&d
conduit shape conprising a first end and a second end,
and sai %38 eve{ Sflist ldo(ﬁ%n}{%%&l? n&ggg{d\%tﬁﬁn g stlbjreﬁtt, s %‘?‘eqﬂlod
stunp and a second vessel stunp, Sal d applying
composipgi ses: (ii) attaching said first end of said
co Sitio ir Y} I )on: L
at {@ HPIH ggthe gom Eésgtrllg o? E aut? ?%8’ a él%{’v%wﬁ)te o?t%%e{egt't in sglélil Salbj ect, in an
second was&atasdtuwmro@ﬁdnwmaemﬁhﬂmﬂﬂoemMamenngwbﬁumnh
vessel growth in a subject, said method conprising:
(1) applagi nd {16, GATPEBLAIARS A nGkl Midinhfly Su¥ 98k siin or
site of interest 1n sald subject, In an unt, and
bruigadddin, saddirst fdneys gelffiec sainifold basendiwaicehabd,cod swelspelying
Cmng mﬁh 44, The nethod of claim 35, wherein said injury
nvol ves a sever ed nmuscl e, said first fibrous pol yner
CO?:‘B aﬁagnn a?&u? Ic&r?l?cgs %utt.vjn tof %ucﬁ ngte% glyeré treat%% sﬁﬁgg%ry
severed nuscle conprises a first nuscle stunp and a

second rilscl eA stetimgl ofsetﬂl@incémslsih BEPEbriprisslisct, (hieyein said first
to said
xRS G B Sho Bl pERR AR SCcona

endi) epplyaigthe ooppssitipmnf tleins ditd askmonmig qfuuﬁcﬂeet witsampsubject, in an
45. The a%t gp %8 E&&ér%o@rig%hs Vgg%{c%&g 3 % an!cQ Jsgﬁly rowth.

i nvol ves @ dadnage rirses
a menber selected from (ii) wapping the conpOS|t|on
of cl ai 21 arkhendetbed df dairagédvhersil wid inhey éivplyes ajsevered blood

vessel, said first fibrous polymer scaffold has a conduit or filled conduit shape comprising a
first end and a sccond cnd, and said scvered blood vesscl compriscs a first vessel stump and

a second vessel stump, said applying comprises:
(it) attaching said first cnd of said composition to said first vesscl stump; and
(iii) attaching said second end of said composition to said second vessel stump.
43. A mcthod of cnhancing blood vesscl growth in a subject, said mcthod
comprising:

(1) applying the composition of claim 1 to a vessel site of interest in said subject, in

an amount, and under conditions, sufficient to enhance blood vessel growth.
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conposition has a sheet shape. 46. The nethod of claim

35, wherein said injury involves a danaged nuscl e, and
W@ 200d/020apd yi ng conpri ses a nenber sel ected froPCT/510)7/061253

inserting the conposition into said damaged nuscl e,

wherein said first fibrous polyner scaffold has a rod,

conduit or filled conduit shape. 47. A nethod of

enhancing nuscle growth in a subject, said method

conprising: (i) applying the conposition of claim1 to

a nuscle site of interest in said subject, in an

amount, #nd uReemetied af eleings, whereitsashinjmy isvlspcescvered

musBles §di@ Figdt TMrbhas ﬁﬁ’ym& JBEBRGQ% d&ﬁﬁﬂu@ gﬂﬁéaecoﬁam 8lsfotd s%]gpe

of claim1. 49. A nethod of making the conposition O
comprigingafirstedpnder Jpsendenth pnd paig seyearyd mubjle coinpgses a first muscle

stuntg Qﬁfa Roohd BRs8lelsAA! s%'deaégfﬂ%b&ﬂngﬁ%opr ocess, thereby

maki ng sai d conp05|t|on 5d of cIa|n149

whet; Rhtthchfiotafl EICS{ ERPRY A st sg(azit I r%gl?clg stump; and

rotating nmandrel having an ai'r gap or

no '@1‘1? QREUGLE BOd 58PnQRnd Bt saif OB Egglﬁtm i gau? second muscle stump.

el ectrospi nni ng apparatus, conprising: a
electrically conducting region;, a second electrically
conduct i%g r Sreonethad ahclasn 38) whereincwid oyt visrgdamaged

musé18GArlkafX if1ind GoRBHIRE MERB .S ddicthe AREmt Ne second

el ectrically conducting region, wherein the

NOH )Pk RSHIdeCBb b¥mpONFHE b Elguﬁ ?Qi‘&lﬂld' S%ldjdaftﬁ%%%h %glea@fﬂerein said

configured to receive a fibrous polyner
fornatl8HHEP$§OPPP%%ﬂﬁEbN@@§ pol ymer scaffold. 52. The
mandrel of claimb51, wherein said non-electrically

conduct UBg I eficQfethsd 8f ShREYS, Whish dafi Rha6 el A &a!
53. The mandr el ‘of cla|§152hﬁ&hef€?% g%iﬁged

ndr e
musﬂBTf‘“EIIa E{?HP&%‘PE FORBHIRI A MegLeewiested Kom: nenber
sel.ect ed frq] tape, . electrical tape, teflon, and
pl §8treETtieg themongsiiign éntogniddamaged musaleewireimssaidifirst fibrous

non- el egblyintetlskyrOAQMEYE tdd) Goh BE &nﬁm&f @Jnaeﬁ gﬁ‘%{é the

two conducting mandrel regions. . The man

cIa|n15 mherelagpaldaﬂon electrlcall conduct i ng
region i'é a @& CHHE BREd P AT Be e waliact Wéd mgghod

cmnp@ﬁﬂyctlng mandr el regions.
(i) applying the composition of claim 1 to a muscle site of interest in said subject, in

an amount, and under conditions, sufficient to enhance muscle growth.
48. A method of making the composition of claim 1.

49, A method of making the composition of claim 1, said method
comprising;:
(1) subjecting a fiber or fibers to an electrospinning process, thereby making said

composition.

50. The method of claim 49, wherein said electrospinning process

comprises a rotating mandrel having an air gap or at least one non-conducting region.

51. A mandrel for an electrospinning apparatus, comprising:
a first electrically conducting region;

a second electrically conducting region; and

77



~N N b

[a—y

W

N W N -

Ui AW N =

56. The mandrel of claim52, wherein said
non-el ectrically conducting region is a nenber
waedogoemo2 from teflon and plastic. 57. The maneCEUS7/061253
claim51, wherein said non-electrically conducting
region has a dianmeter that is a menmber selected from
| arger and smaller than said electrically conducting
region. 58. A mandrel for an el ectrospinning _
apparatus, conprising: a first electrically conducting
r edi T%Sﬁ"%lﬁ‘"dﬂaalbe%ﬁacmgé@gmnc@tmm@bﬂgwc?n thg f‘netgaéﬂ{ﬂp]e second
wherein | :%P v . hetween the first an e
second eel’iléebéltqﬁ11 a 9{1(%%%[cfgg]to?hg region fornms a
whergin theorauelestrigalie gimshictieg weem isldénénsiatedand cohfigsee antbceive a

el ' cking.region. . _The. mandr el  of
cl %@@Iﬁ?fﬁ’g ?%c%)rrrrf)l rgjﬁl%ll1 %%e:l Pné?t %%foéjls PRbAne sseifpidcal | y
conducting sl eeve which is positioned over at |east
part of ¥he fThesmaedrekefrdlaeal 5l vdenda shidn@np@ahdtﬁﬁdﬁly @hducting
. C - ical l nduct i,ng sl eeve ichis

reglg% gsl%t é?%%ee oslg ésefgl%éﬁdeaécs’ nydptglg ) i etlh e second

el ectrically conducting portion.60. The mandrel of
cl ai m 583- i n Thermpmdie ofrlaiin §2, arheedie stidospiateithically conducting

i t TRe B j in _c i nation
regl%lytﬁhaerg%mg%esgﬁ&geg pi nnit%e’g{/egﬁ—lecr% ﬁ%gée%nﬂépgﬁqsggpl nni ng

system conprising a rotating mandrel with a ' ’

noncond®ét i ng'heepishelot cdamed T, wharein 88d nbheelectrically conducting

regil B EQSRERMOES é’(ﬁ{éﬁﬂ%[?%run%h&}lgmse%%nsm erein a pol yner

solution is directe I nneret and deposited

on said _pandrel .
55. The mandrel of claim 51, wherein said non-electrically conducting

region is a discrete portion extending between the two conducting mandrel regions.

56. The mandrel of claim 52, wherein said non-electrically conducting

region is a member selected from teflon and plastic.

57. The mandrel of claim 51, wherein said non-electrically conducting
region has a diameter that is a member selected from larger and smaller than said electrically

conducting region.

58. A mandrel for an electrospinning apparatus, comprising:
a first electrically conducting region and a second electrically conducting region,
wherein an air gap located between the first and the second electrically conducting region
forms a non-conducting region between the first and the second electrically conducting

region.

59. The mandrel of claim 58, further comprising;

a first non-electrically conducting sleeve which is positioned over at least part of the
first clectrically conducting portion, and

a second non-electrically conducting sleeve which is positioned over at least part of

the second electrically conducting portion.
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60. The mandrel of claim 51, in combination with an electrospinning

system.

61.  The mandrel of claim 58, in combination with an electrospinning

System.

62. An electrospinning system, comprising a rotating mandrel with a non-

conducting region or an air gap.

63. The electrospinning system of claim 62, wherein a polymer solution is

directed through a spinneret and deposited on said mandrel.
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